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Annotatsiya. Ushbu magolada Brans-Dikke nazariyasining ko‘p o‘rganilmagan
yechimlaridan biriga e’tiborni qaratamiz. Xususan, o, — Q bo‘lgan, zaryadga ega Yumronqoziq

inlari (Wormhole) yechimi gizig, chunki uning bargarorligi muhim tahlilni talab giladi. Bunda
Jordan fazosidagi M, yechim Eynshteyn fazosidagi M yechimdan konformal davom ettirish

orgali olinadi. Aynan konformal o‘tish orgali Eynshteyn fazosidagi singulyarlik muntazam fazoviy
sohalarga o‘tadi, bu esa Yumrongoziq inlarining mavjud bo‘lish shartini yaratadi. Tadgigotda
w = 0 holatida yechimlarning vaqt va fazoviy komponentlari tahlil qilinib, ular orasida

torayishlar (bo‘yin) aniglanadi, so‘ngra vaqt ogimining ikki cheksiz fazo o‘rtasidagi farqi
ko‘rsatiladi. Tadgigot natijalariga ko‘ra, elektr zaryadining mavjud bo‘lishi yechimlarning
bargaror bo‘lishida muhim omil bo‘lishi mumkin. Ushbu tadqgigot skalyar-tenzor nazariyalari
sinfida zaryadlangan, statik, sferik-simmetrik yechimlarning fizik va geometrik tahlilini beradi.

Kalit so‘zlar: Yumrongoziq inlari, konformal o‘zgarish, Jordan ramkasi, Eynshteyn
ramkasi, fazo-vaqt.

CHARGED WORMHOLE SOLUTIONS IN BRANS-DICKE THEORY

Abstract. In this paper, we focus on a relatively unexplored solution within Brans—Dicke
theory. Specifically, we consider a charged wormhole configuration corresponding to the case

@ = 0, which is of particular interest due to the necessity of a dedicated stability analysis. In this

context, the solution in the Jordan frame, denoted M 7, is obtained from its counterpart in the

Einstein frame, Mg, through the process of conformal continuation. It is precisely through

conformal transformation that the singularities present in the Einstein frame are mapped into
regular spatial domains, thereby creating the necessary condition for the existence of wormhole

configurations. In this study, for the specific case of @ = 0, the temporal and spatial components

of the solutions are analyzed, with particular attention given to the throat region, where spatial
contraction occurs, and to the asymmetry in time flow between the two asymptotically distinct
regions. The results indicate that the presence of electric charge may play a crucial role in ensuring
the stability of such configurations. This research provides a physical and geometrical analysis of
charged, static, spherically symmetric solutions within the class of scalar-tensor theories.

Keywords: Wormholes, conformal transformation, Jordan frame, Einstein frame,
spacetime

Kirish. Eynshteynning umumiy nisbiylik nazariyasi (UNN) zamonaviy fizikaning
eng muvaffaqiyatli va tasdiglangan nazariyalaridan biri bo‘lib qolmoqgda, bunda tortishish
o‘zaro ta’sirini va koinotning keng ko‘lamli tuzilishini tavsiflash uchun ma’lum darajada
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asos bo‘la oladi. Biroq bu muvaffaqiyatlarga qaramay, UNN koinotning tezlashtirilgan
kengayishini, shuningdek, qorong‘i energiya va qorong‘i materiyaning tabiatini
tushuntirishda giyinchiliklarga duch kelinmoqda. Ushbu muammolarni hal gilish uchun
qo‘shimcha maydonlarni kiritish yoki fazo-vaqt geometriyasini o‘zgartirish orqali UNNni
kengaytiradigan o‘zgartirilgan tortishish nazariyalari ishlab chigilgan (garang, masalan,
[1-4]). Bular orasida skalyar-tenzor nazariyasi yorgin misol sifatida ajralib turadi, u metrik
bilan o‘zaro ta’sir qiluvchi skalyar maydonni o°‘z ichiga oladi va shu bilan qo‘shimcha
erkinlik darajalarini kiritadi.

Skalyar-tenzor gravitatsiya nazariyalari (STN) tarkibiga kiruvchi Brans-Dikke
nazariyasi [5] umumiy nisbiylik nazariyasining birinchi kengaytirilgan modellarigan
hisoblanadi. Brans-Dikke nazariyasida zaryadlangan Yumrongoziq inlari yechimlari
mavjud bo‘lishi mumkin, lekin ular ko‘pincha yumronqoziq inlari tuzilishini saglab turish
va energiya sharoitlarini qondirish uchun ekzotik moddalar yoki trivial bo‘lmagan skalyar
maydon mavjudligini talab qiladi. Ushbu yechimlarni vakuum va vakuum bo‘lmagan
ssenariylarda topish mumkin, skalyar maydon yumronqgoziq inlari geometriyasini
shakllantirishda hal giluvchi va ekzotik moddalar manbai sifatida rol o‘ynaydi. Brans-Dik
nazariyasida zaryadlangan Yumronqoziq inlari yechimlari mavjud bo‘lsa-da, ular
ko‘pincha Yumronqoziq inlarining tuzilishini saglab qolish va energiya sharoitlarini
qondirish uchun ekzotik moddalar yoki trivial bolmagan skalyar maydonni o‘z ichiga
oladi.

Tadgigot metodologiyasi. Brans-Dik nazariyada gravitatsiya nafagat skalyar
maydon, balki metrik tenzor bilan ham ifodalanadi. Brans-Dikke molelida

1 @ v m
Sa0 == 157 '/ g | R~ 50" T,40,9 V(@) + [ 'L

w- Brans-Dikke o‘zgarmas konstantasi. ¢p esa @ Kkattaligini o‘zgarmas etib goldiruvch

skalyar maydon.
Bu bo‘limda biz Brans-Dikke nazariyasidagi yechimlarni Jordan ramkasida
konformal davom ettirish orqgali o‘rganamiz. Ta’sir integralini quyidagicha yozamiz [5]:

_ a2 g*sP(husuy)[_du? 2]
dSg = q2s2(hu+u,) s?(ku)  Ls(kuw) i)

)
bunda qz-elektr zaryadi, h va Uj—integrallashda hosil bo‘lgan konstantalar bo‘lib,
s?(th,u+uy) = fl—lsinh(h(h + ul)), s(k,u) = %Sinh(ku) va bu kengaytirilgan
Penney yechimining maxsus holatidir. Ushbu yechim skalyar va elektromagnit
maydonlarni oz ichiga oladi.

Brans-Dikke nazariyasining asosiy parametri bo‘lgan @ ning turli giymatlaridagi

yechimlari o‘rganilgan. Ammo @ = 0 bo‘lgan holat kam o‘rganilgan. Brans-Dikke statik,

sferik-simmetrik va zaryadlangan Yumronqgoziq inlari yechimlarining bargarorlik
xossalarini o‘rganishda ushbu ish K.Bronnikov va hammualliflikda taqdim etilgan

5
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yechimlar sinflariga asoslangan yondashuvga tayanadi [3]. U yerda Bergmann—Wagoner—
Nordtvedt sinfiga mansub skalyar-tenzor gravitatsiya nazariyalari doirasida Fisher tipidagi

yechimlarning [4] umumlashtirilgan shakli bargarorlikka tahlil gilingan. Ular @
giymatining ixtiyoriy holatlari uchun olingan [1+], [2+], [3+] tarmoglarga oid yechimlarni
tahlil qilib, STNning turli modellaridagi konformal o‘tishlar qanday qilib Eynshteyn
ramkasidagi singulyar yechimlarni Jordan ramkasidagi geometrik jihatdan ancha

murakkab fazolarga aylantirishini ko‘rsatishadi. Ushbu ishda Skalyar tenzor
nazariyasining kanonik sektori (¢ = +1) &a tegishli bo‘lgan statik va sferik simmetrik

yechimlar tahlil gilinadi. Xususan, Eynshteyn fazosi Mg dagi [1+] tarmoqga oid Brans-
Dikke gravitatsiya nazariyasi yechimlarining barqgarorligi masalalari ko‘rib chigiladi.

E’tiborlisi shuki, ushbu yechimlar orasida konformal davom ettirish mumkin bo‘lgan
holatlar mavjud bo‘lib, ular orqali singulyar bo‘lgan Mf fazosi muntazam bo‘lgan

M, fazosiga o‘tkazilishi mumkin. Bunda @ =0, a =¢ = 1/2 holatida yechim
M 7 Jordan fazosida Shvartshild ko‘rinishiga ega bo‘lib qoladi. Bu yechim Yumronqoziq

ini bilan tavsiflanadi va y € R oraliqda aniqlangan bo‘ladi.

Albatta, bu faqat zaruriy shart bo‘lib, singulyarlikni bartaraf etish uchun konformal
ko‘paytuvchi aynan teskari xususiyatini namoyon qilishi zarur. Qiziqarli holatlardan biri —

1 . .o
bu maxsus holat: a = ¢ = DW= 0, ya'ni X = 2k sfera muntazam (ya’ni, singulyar

emas) bo‘lgan yagona holatdir. Bu holda Jordan fazosidagi metrika M 7 mashhur fazoviy

Shvartshild shaklini oladi. Brans-Dikke nazariyasida Eynshteyn va Jordan fazolari
orasidagi bog‘lanish (7) ifoda orqali ifodalanadi. Unda @ Brans-Dikke parametri,

y = Cu skalyar maydonni ifodalaydi. Tekshirilayotgan @ = 0 holat uchun (ya’ni

1) ushbu ifoda aniqlangan bo‘lib, quyidagicha bo‘ladi:

a=E=2

@:ﬁyokiq;:y 3)

Yechimni Jordan fazosiga o‘tkazish uchun (7) ifodadan foydalanamiz va
koordinata almashtirishini  kiritamiz x =2k +y? vyoki ekvivalent ravishda

= vx — 2k . Konformal o‘tish orqali Jordan fazosidagi metrika quyidagicha bo‘ladi:

dx?

=

x = 2k + y? orqali metrika quyidagicha o‘zgaradi:

dsj,z = dt? — — x2dQ3, (4)
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= =4k +yD)dy? = Ck+y: )
Tx T2k+y2

Natijada Jordan fazosidagi metrika quyidagicha bo‘ladi:
2
ds? = dt? — -2 — x2d0% = dt? — 42k + y2)dy? — (2k + y*)2dQ2,  (6)

(%)
bu yerda y? = x — 2k. Bu Yumronqoziq ini (wormhole) metrikasi bo‘lib, u ¥ € R
oraligda aniglangan. Dastlabki x > 2k oraliq (unda Mg ko‘pburchagi aniglangan)
y > 0 yoki ¥y < Oholatlariga to‘g‘ri keladi. Jordan fazosidagi ko‘pburchak M ] esa
y > 0 va y < 0 bo‘lgan ikki sohani o‘z ichiga oladi, ularning har biri (??) formulaga
binoan M fazosiga tasvirlanadi, va ular orasida muntazam sfera y = 0 (ya’ni, “bo‘g‘iz”)
joylashgan.[6-10].
Demak, ushbu yechimlar oilasida yagona Yumronqoziqg inlari yechimi konformal
davom ettirish hodisasi tufayli @ = 0 holatida mavjud bo‘ladi. Brans-Dikke nazariyasida

konformal o‘tish orqali Eynshteyn fazosidan Jordan fazosiga o‘tilganda metrikaning
konformal ko‘paytuvchisi sifatida ¢ paydo bo‘ladi. Ya'ni konformal o‘zgarish

giyudagicha bo‘ladi, g, = i gE, yoki f(¢)=¢ = D. Demak, ® =0 holat
konformal o‘tishda o‘tish sferasini bildiradi. Bunday nuqtada Eynshteyn ramkasidagi

yechimda mavjud bo‘lgan singulyarlik Jordan ramkasida muntazam sferaga aylanadi.
q)ﬁhl

z bo‘lgani uchun, ® = 0 bo‘lgan nuqtada gravitatsion doimiyning cheksizga
eff

ketishi yoki yo‘qligi yuz beradi. Aynan bu nuqtada konformal davom ettirish amalga
oshiriladi va fazo boshqa bir sohaga o‘tadi — ya’ni, bu yumronqoziq inining bo‘g‘iz
gismini ifodalaydi.

O‘tish sferasi @ = 0 ga to‘g‘ri keladi, butun y oraliqgdaesa ® = y/{/y? + 2k
bo‘ladi. Bu yechimlar sinfida konformal davom ettirish aynan [1+] tarmogga mansub va
maxsus k& = 2h holida yuz beradi, bu esa C? = 3h? = 3(m? — g?) bo‘lishini
anglatadi. Bu yerda C-skalyar zaryad, h-massaga bog‘liq parametr.

20F
15F

10F

@
A=A
o
tn
————
¢
=

-10} ~—_

1-rasm. Grafikda Penne)_f yechimlarining skalyar maydon mavjud bo‘lgan holatida, ya’ni ¢ = +1

bo‘lgan holatidagi yechimlarning turli toifalarini ifodalaydi.
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Natijalar va muhokama. Brans-Dicke nazariyasidagi

¢ = eﬁ(!ﬁ'—!f)o)/w’ dSJZ = e'ﬁ(w‘%)ﬂ”dsg, Yo = const ©)

Ushbu yechimning maxsus holatini ko‘rib chiqamiz: bu yerda k =2h >0,
¢y > 1 (ya'ni [1+] shoxchasi). Ushbu holatda Eynshteyn metrikasidagi g9 = e?¥ va
—ga, = 12 kabi metrika koeffitsiyentlari u — oo limitida bir xil tarzda harakat qiladi,
ikkalasi ham ~e ~2™ korinishida so*nadi. So‘ngra quyidagi ifodani olamiz:

4h2dt? 4[m+h-y(m-n)]? 4dy?
ds? = —22 — L2y g2,
] nth-ym-n)>  [m+h-y(n-n)2](1-y2)? "1-y?)?
(8)
bu yerda y € (—1,1) va m = ./h? + gq? — bu Eynshteyn ramkasidagi Shvartshild
massasiga teng. Jordan ramkasida esa Shvartshild massasi

m; =/ h? + q? —h =m — h ko‘rinishda bo‘ladi. Hagqiqiy fazoviy cheksizlik
y =1 da to‘g‘ri keladi, ¥ = —1 da esa boshqa bir fazoga to‘g‘ri keladi. Demak M;

ramkasidagi hisoblashlar shuni ko‘rsatadiki, bu ikki fazoni bo‘g‘lovchi Yumronqoziq
inlaridir (Wormbhole). Yumronqoziq inlarining ikkala uchida vaqt oqimi turlicha o‘tadi.
hZ?

96’0 |y=1 =1, gé{] |y=—1 == 9)

m2
Yumronqozig inining tor bo‘yni *; ning minimum giymatiga mos keladi, u esa

d
d_?; = ( tenglama bajarilganda yuz beradi. Bu shartdan quyidagini topamiz.

vm-vh
>0, (10)
Vm+h
va tor bo‘yinning radiusi quyidagicha ifodalanadi:
, 2
Tporyin = minry(u) = [\/ﬁ + \/E] : (11)
shunday qilib, ¢ # 0 bo‘lganda biz tor bo‘yinga ega bo‘lgan Yumronqoziq ini yechimini

hosil gilamiz. ¢ = 0 holida esa (5) metrikaning simmetrik shakli hosil bo‘ladi va oddiy
4h
1-y2

ifodaga ega bo‘ladi, agar yangi koordinata sifatida sferik radius 17 = tanlansa,

ds? = | =odt? -

Ty
]
tor bo‘yin ¥ = 0 nuqtada joylashgan bo‘lib, = 4h giymatiga mos keladi. Ushbu

162 ( 4dy?

dr?
— ] .
(1-y2)2 \(1-y2)2 + sz) - dtz - 1_4h - erdQZ (12)

metrika ba’zida “Shvartshild Yumronqoziq ini” deyiladi, chunki uning fazoviy qismi
Shvartshild metrikasining fazoviy qismiga to‘g‘ri keladi. Bunday Yumronqoziq ini
Shvartshild massasi nolga teng bo‘lgan holatni ifodalaydi.

g # 0 bo‘lganda, bunday koordinatani kiritishga bo‘lgan wurinish noqulay
ifodalarga olib keladi, shuning uchun ¥ orqali ifodalash eng magbul yechim bo‘lib
ko‘rinadi.

Ushbu yechimda Brans-Dikke skalyar maydoni oddiy ko‘rinishda bo‘lib,
¢ =e?¥/V3 =y ya'ni u muntazam sfera y = 0 orqali o‘tilganda ishorasini
o‘zgartiradi. Konformal o‘tishning boshqga holatlarida bo‘lgani kabi, gravitatsiyaning

effektiv doimiysi ¥ = 0 o‘tish yuzasidan o‘tgach manfiy qiymatga ega bo‘ladi.
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Yumrongoziq radiusining yuzasi: r_J(y)

2-rasm. Brans-Dikke gravitatsiya nazariyasida « = 0 be‘lgan holat uchun Jordan ramkasidagi
Yumrongoziq ini yechimining radius yuzasi tasvirlangan. Radius r; = 4h /(1 — y?) ifoda bo‘yicha
bo‘lib, y € (—1,1) oraligda Yumrongoziq ini tuzilishini ifodalaydi. y = 0 da radius torayadi va be‘yin
deyiladi.
a)q=0 b)q*0

= 0 (simmetrik) g * 0 (asimmetrik)

1.0

3-rasm. Bu grafiklarda Yumronqoziq ini yechimlarida ikki fazo chegarasida vaqgt ogimining farglari
tasvirlangan. Brans-Dikke gravitatsiya nazariyasida Yumrongoziq ini yechimlarida vagt komponenti

g;jo (v) sirt ko‘rinishi. a) ¢ = 0 da yechim simmetrik va har ikkala fazoda ham vaqt ogimi bir xil
?12

g§0| y=1 = 1. b) g # 0 da yechim asimmetrik va y = —1 da vaqgt sekinlashadi g;jol y=1 = e

Xulosa va taklifllar. Ushbu ishda Skalyar-tenzor nazariyasi tarkibiga kiruvchi

Brans-Dikke gravitatsiya nazariyasining asosiy parametri @ = 0 holatidagi yechimlari,
konformal davom ettirish orqgali Jordan fazosida hosil bo‘ladigan zaryadlangan
yumrongoziq hamda ining tuzilmalari tahlil gilindi. Eynshteyn fazosida mavjud bo‘lgan
singulyar yechim konformal davom ettirish orgali Jordan fazosiga o‘tadi.

Zaryadsiz holatda (g = 0) hosil bo‘ladigan yechimlar fazoviy jihatdan simmetrik
bo‘lib, ularning metrikasi Shvartshild matrikasiga o‘xshash bo‘ladi. Ammo zaryad mavjud
bo‘lganda esa (g # 0) har ikkala fazoda vaqt komponenti turlicha ekanligini ko‘rsatadi
(ya’ni,y = 1, vay = —1 nuqgtalarda). [8]

Xulosa qilib shuni aytish mumkinki, @ = 0 bo‘lgan holatidagi brans-Dikke

yechimi konformal davom ettirish orgali Yumrongoziq inlariga olib kelishi mumkin.
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Annotatsiya. Qurug ishgalanish modeli yordamida tribologiya masalalarini yechishda
ko‘pincha ishqgalanish kuchining ta’sir yo‘nalishini aniglash uchun SIGNUM funksiyasidan
foydalaniladi. Ushbu maqolada to‘rtta masalani yechish natijalariga asoslanib, SIGNUM
funksiyasidan go‘shimcha shartlarsiz foydalanish har doim ham ishonchli natijalar bermasligi
ko‘rsatilgan. Quruq ishqgalanishli ikki jismning erkin tebranishlari bo‘yicha laboratoriya tajribasi
natijalari mualliflar algoritmi bo‘yicha tegishli masalaning yechimi bilan, shuningdek, masalaning
bevosita SIGNUM funksiyasidan foydalangan holda mantigiy algoritm bo‘yicha yechimi bilan
taggoslangan. Mualliflarning algoritmlari va SIGNUM funksiyasidan bevosita foydalangan holda
olingan uchta masalaning yechimlari taggoslangan. Tezlanishni hisoblashdagi xatoliklar inersiya
kuchining noto‘g‘ri giymatlariga olib kelishi ko‘rsatilgan, bu esa sirpanish jarayoniga ta’sir giladi.
Olingan natijalar bo‘yicha grafiklar chizilgan va solishtirish orgali xulosalar berilgan.

Kalit so‘zlar: SIGNUM, stik-slip, mantigiy algoritm, chastota, inersiya kuchi, Runge-Kutta
usuli.

INFLUENCE OF INERTIAL FORCE ON THE MOTION OF TWO BODIES
DURING SLIDING AND CLOSING (STICK-SLIP) IN THE DRY FRACTION
MODEL

Abstract. When solving tribology problems using the dry friction model, the SIGNUM
function is often used to determine the direction of action of the friction force. In this article, on
the bases of the results of solving four problems, it is shown that using the SIGNUM function
without additional conditions does not always give reliable results. The results of a laboratory
experiment on free vibrations of two bodies with dry friction are compared with the solution of the
corresponding problem by the authors' algorithm, as well as the solution of the problem by an
algorithm using the SIGNUM function directly. The solutions of three problems obtained by the
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authors' algorithms and with the direct use of the SIGNUM function are compared. It is shown that
errors in calculating acceleration lead to incorrect values of the inertia force, which affects the
stick-slip process. Based on the obtained results, graphs were drawn and conclusions were made
by comparison.

Keywords: SIGNUM, stic-slip, logical algorithm, frequency, inertia force, Runge-Kutta
method.

Kirish. Quruq ishgalanish modeli yordamida tribologiya masalalarini yechishda
ko‘pincha ishgalanish kuchining ta’sir yo‘nalishini aniglash uchun SIGNUM
funksiyasidan foydalaniladi [1-8].

[4, 5] ishda go‘zg‘atuvchi tashqgi kuchlar chastotalarining stik-slip rejimli bir massali
sistemaning tebranish jarayoniga ta’siri tadqiq gilingan.

[6] magolada uzlukli dinamik tizimlarda ogimning o‘zgaruvchanligi nazariyasidan
foydalangan holda ishgalanish va davriy majburiy go‘zg‘atish bilan ikkita erkinlik
darajasiga ega bo‘lgan ossillyator zarba ta’sirida o‘rganilgan. Ikki massa orasidagi
ishgalanish va urilish natijasida hosil bo‘lgan uzilishlar asosida fazalar turli chegaralar va
sohalarga bo‘linadi.

Qo‘zg‘almas tayanchli elastik bo‘g‘inga ega bo‘lgan jismning berilgan gonuniyat
bo‘yicha harakatlanayotgan boshga jismning ishgalanish kuchi ta’sirida va tashqi vertikal
yuk ostida tebranishini o‘rganish uchun quruq ishgalanish modelidan foydalanilgan [7].

Qurugq ishgalanishli dinamik tizimlarning tartibsiz xatti-harakatlariga misollar ko‘rib
chigilgan [8]. Friksion kontaktlarning o‘lchami, assotsiativligi va uzilish imkoniyati
bo‘yicha tasnifi taklif etilgan, tipik xususiyatlarni ko‘rsatadigan asosiy modellar
shakllantirilgan. Xususan, bifurkatsiya shartlari olingan va ishgalanishli sistemalar uchun
monodromiya matritsasi uchun formulalar qurilgan.

Majburlovchi kuch mavjud bo‘lgan sharoitda quruq ishgalanishli masalalarning
yechimlarini o‘rganish ayrim hollarda goniqarli natijalar beradi. Bunday masalalarning
grafiklaridan kichik amplitudali tezlik tebranishlarini kuzatish mumkin [6]. Ishgalanuvchi
jismlarning erkin tebranishlarida ularning inersiya kuchining ta’siri yagqol seziladi [9].
Mualliflar quruq ishgalanish masalalarini yechish uchun mantigiy algoritmdan go‘shimcha
foydalanishni o°z ichiga olgan sonli modelni ishlab chigishgan [9, 10].

Ushbu ishda mualliflar tomonidan taklif etilgan algoritm [9, 10] asosida to‘rtta
masala yechilgan va SIGNUM funksiyasidan bevosita foydalanish natijasida olingan
yechimlar bilan solishtirilgan.

Tadgigot metodologiyasi. Ko‘pgina tadgiqotchilar qurug ishgalanish bilan bog‘lig
masalalarni yechishda SIGNUM funksiyasidan foydalanishadi. Biz quyida SIGNUM
funksiyadan foydalanib olingan natijalarni yaratilgan mantigiy algoritm yordamida
olingan natijalar bilan solishtirish asosida SIGNUM funksiyadan foydalanish xatoliklarga
olib kelishini ko‘rsatamiz [9, 10]. Yaratilgan mantigiy algoritm yordamida sirpanish va
birgalikdagi harakatlarning boshlanish vaqtlarini aniglash imkoniyati yaratilgan. Dastlab
o‘tkazilgan laboratoriya eksperimenti simulyatsiya modeli natijalarini  SIGNUM
funksiyadan foydalanib olingan natijalar bilan solishtiramiz.

Ikki massa birgalikda sirpanishsiz harakat gilsa, u holda harakat tenglamasi
erkinlik darajasi birga teng bo‘lgan sistemaning harakat tenglamasi bo‘ladi
(m +m,)-G+u-u+c-u=0. 1)
Agar massalar bir-biriga nisbatan sirpanadigan bo‘lsa, unda har bir massa uchun
har xil harakat tenglamasi mavjud bo‘ladi

m U +p-U +c-u =F,,m,-0, :(_Ffr)’ Ffr:Sign(uz _ul)'mz g fd ' ()
bu yerda m,, m, - tebranish stolining massalariga (moslashuvchan vertikal plitalarning

yarmi massasini hisobga olgan platformalar) va yuqori po‘lat plitalarga mos keladi, ¢
vertikal plitalarning umumiy qattigligidir, « energiya yo‘qotishlari tufayli tizim
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tebranishlarining susayish koeffitsiyenti, U, u,, u, u,, U, U, - platformaning ko*chishi,
tezligi va tezlashishi. Sirpanish paytida ishgalanish kuchining belgisi massa tezligining
farqi bilan belgilanadi, biz belgilaymiz f —sign(u, —u,)- f, - g, bu yerda fq massalar
orasidagi qurug ishgalanishning dinamik koeffitsiyenti.

Ikkinchi masala [3] maqgoladan olingan bo‘lib, simulyatsiya modeli 1-rasmda
ko‘rsatilgan

o O

I ™
1-rasm. Fizikaviy model
Sirpanishdagi harakatda M; (i=1, 2) massalar uchun harakat tenglamalarini [6] orgali
olish mumkin.

XW+CcWX W4 pUX B = AW sm(.Qt +¢)+ B +CYX )+ DUX® _FWsgn(X ¥ - X @)

) ) o (3)
X @ 4 (C ) ( ) —Cc@Ox W, p@yx®_ F;EZ) sgn(X @ _x (1))
bu  yerda AL A BO_ B co_htr po_ Kk +k, H®=_T
M, M, M, M, M,
k
L(Z) == s 1 — /,l M g y i — F;t .
|\/|2 u k' Vi Fﬂ M.

M: va M, massalar ki (i=1, 2) ikkita prujina va ikkita ri (i=1, 2) dempferlar
vositasida bog‘langan. Bu yerda A, £, ¢ va B mos ravishda qo‘zgatish amplitudasi,
chastotasi, faza burchagi va doimiysi w1 va w2 gattiq cheklovchilar orasidagi masofa d ga
teng.

Uchinchi masala [7] maqgoladan olingan bo‘lib, uning simulyatsiya modeli 2 -

rasmda ko‘rsatilgan.
O NG NENONING)]

7 UYL 42
2-rasm. Tribologik sistemaning sxemasi

2-rasmdagi M massali jism harakatining differensial tenglamasi quyidagicha bo‘ladi

bu yerda M — jismning massasi; F — ishgalanish kuchi; K — bikrlik koeffitsiyenti.
To‘rtinchi masala [4, 5] magoladan olingan bo‘lib, uning simulyatsiya modeli 3 -
rasmda ko‘rsatilgan.

—
|-
K
O] Pocosw, L
c m
| . pocoswst
—_—
+ Vo +
Vo

3-rasm. Harakatlanuvchi asos va ikkita harakatlantiruvchi kuch tomonidan go‘zg‘atilgan erkin
ishgalanadigan ossillyatorning modeli
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Tekshirilayotgan sistema 3-rasmda ko‘rsatilgan, bu yerda m massali jism, bikrligi k
ga va qovushgoglik koeffitsiyenti ¢ ga teng bo‘lgan chizigli prujina orgali qo‘zg‘almas
tayanchga mahkamlangan. Ushbu ossillyator doimiy vo tezlik bilan harakatlanadigan
gorizontal lenta yuzasida siljiydi yoki sirpanadi. Massaga bir xil po amplitudali hamda
chastotalari har xil bo‘lgan ikkita w1 va w> garmonik harakatlantiruvchi kuchlar go‘yilgan.
Bu kuchlar quyidagicha aniglanadi.

F.(t)= p, cosw,t + p, cos w,t
Lenta va jism orasidagi quruq ishgalanish Kulon gonuni (us statik koeffitsiyent va
kichikroq kinetik koeffitsiyent u« bilan tavsiflanadi) yoki boshga ishgalanish gonunlariga
bo‘ysunishi mumkin. Bunday ishgalanishga ega ossillyator uchun harakat tenglamasi
quyidagi ko‘rinishda bo‘ladi [7]:
md—zz(+c%+kx=—F+Fe(t) (5)
dt dt

Barcha (1)-(5) differensial tenglamalar Runge-Kutta usuli bilan yechiladi.
Natijalarni boshga tadgigotchilar tomonidan olingan natijalar bilan taggoslash uchun uch
holatda vaqt gadamlari mos ravishda turlicha olingan.

Natijalar va muhokama. Quyida biz yuqorida keltirilgan masalalarni SIGNUM
funksiya va mantigiy algoritm yordamida hisoblab olingan natijalarni solishtirib chigamiz.
4-rasmda SIGNUM funksiyasidan to‘g‘ridan to‘g‘ri foydalanish bilan olingan
yechimlar yaratilgan mantigiy algoritm tomonidan olingan yechimlar bilan taggoslash
ko‘rsatilgan. Bu yerda jismlarning nisbiy tezligi ishorasi funksiyasidan foydalangan holda
olingan yechimning to‘g‘ri yechimga nisbatan siljigani ko‘rsatilgan. Ikki jismning nisbiy
tezlik ishorasi funksiyasidan bevosita foydalanilganda ularning harakat jarayonidagi
yopishish holati noto‘g‘ri hisobga olinadi, anigrog‘i, umuman hisobga olinmaydi.
Sirpanish paytida tizim ikki erkinlik darajasiga ega bo‘ladi, yopishganda esa u bir
erkinliklik darajasiga ega bo‘ladi.
0,015 Tu, [m]
0,010
0,005
0,000 | === === e —»
0l0 10 2,0 30 4,0 5,0 6,0 7,0

-0,005

-0,010

-0,015

4-rasm. SIGNUM funksiyasi (a) yordamida olingan ko‘chishni mantigiy algoritm (b)
yordamida olingan ko‘chish bilan solishtirish grafigi

Ushbu ikkita algoritmlar bilan olingan tezliklar va tezlanishlarni taggoslash ham
yechimlarning nisbiy ko*‘chishini ko‘rsatdi. Demak, inersiya kuchining ozgarishi masalani
yechish usuliga bog*lig, shuning uchun turli algoritmlar bilan olingan natijalar bir-biridan
farq giladi. Bunda jismlarning nisbiy tezlik ishorasi SIGNUM funksiyasidan foydalanib
hisoblangan tezlanish kichik amplituda 7-10*s davr bilan yuqori chastotali o‘zgarishga
ega. Mantiqgiy algoritm bilan olingan natijalar asosida qurilgan tezlanish grafigi yuqori
chastotali tashkil etuvchiga ega emas.

Endi simulyatsion sxemasi 1l-rasmda ko‘rsatilgan ikki erkinlik darajasiga ega
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bo‘lgan sistemani ko‘rib chigamiz. (3) tenglamalar sistemasi uchun yuqoridagi ikkita
algoritm bo‘yicha Runge-Kutta usuli yordamida sonli natijalarni quramiz. Quyida
keltirilgan giymatlar uchun hisoblar bajariladi: M1=10 kg, M2=30 kg, ri=r>=1 Ns/m, r3=3
Ns/m, ki=ko=2 N/m, ks=6 N/m. , A=40 N, Q=3.1 rad/s, B=n N, ¢=n/6, d=3 m, t=0.0001 s,
Lk =0.05.

5-rasmda yugoridagi ikkita algoritm bo‘yicha hisoblash natijalari grafiklari
keltirilgan. Natijalar (1) masaladagidan farq giladi. Buni 6 va 7-rasmlardan ham ko‘rish
mumkin. Mantiqiy algoritmga ko‘ra, ikki jism 1.5 s - 7 s vaqt oralig‘ida va 13 s dan keyin
yopishadi (5a, 6a va 7a-rasmlar). Qolgan vaqt oralig‘ida jismlar orasida sirpanish sodir
bo‘ladi. Ikkita jismning nisbiy tezlik ishorasi funksiyasidan foydalanilganda biroz
boshgacha grafik hosil bo‘ladi (5b, 6b va 7b-rasmlar). Turli algoritmlar bilan hisoblangan
tezlanishlar orasida katta farg hosil bo‘ladi.

2,5 pu, [m] 35 4 u.[m]
3,0

25
1,5 20
1,5
1,0
0,5
0,0 L [s] 0,0
olo 40 80 120 160 200 50 4,0 80 120 16,0 200

2,0

1,0

0,5

-0,5
-1,0

-1,5

-1,0

2 1 2

(@) (b)
5-rasm. Berilgan jismning pastki gismining (1) va yuqori gismining (2) ke‘chishlarining grafiklarini
taggoslash: (a) mantigiy algoritm bilan, (b) SIGNUM funksiyasidan foydalangan holda.

25 av, [m/s] 25 g v. [mss]

2,0 20

1,5 15

1,0 10

0,5 05

t. [s]
0,0 > 00 t, [s]
olo 4,0 8,0 12,0 16,0 20,0 ojo 4,0 80 120 16,0 200

-0,5 -0,5

-1,0 -1,0

2 1 ) 1
(@) (b)

6-rasm. Berilgan jismning pastki gismining (1) va yuqori gismining (2) tezliklarining grafiklarini
taggoslash: (a) mantigiy algoritm bilan, (b) SIGNUM funksiyasidan foydalangan holda.

50 4 a, [m/s?] 40 ya [m/s?)

4,0 3,0

3,0

20 2,0

1,0 t[s, LO

0o t, [s]
0,0 -

1000 40 8,0 120 16,0

4 4,0 80 120 16,0 20,0

2,0 -1,0

3,0 2,0

4,0
-3,0

-5,0

-6,0 4,0

2 1 2 1
(@) (b)

7-rasm. Berilgan jismning pastki gismining (1) va yuqori gismining (2) tezlanishlarining grafiklarini
taggoslash: (a) mantigiy algoritm bilan, (b) SIGNUM funksiyasidan foydalangan holda.
2-rasmdagi bitta massali sistemaning harakatini ko‘rib chigamiz. Quyida yuqoridagi
ikkita algoritmlar bo‘yicha olingan sonli natijalarni boshga boshlang‘ich ma’lumotlar
bilan tagqoslash keltirilgan.
8 va 9a-rasmlarda A=0.02 m da ikkita algoritm bo‘yicha hisoblangan jismning
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ko‘chish, tezlik va tezlanish grafiklari taggoslangan. Bu holatda ushbu rasmlarda olingan
natijalarning katta farqi ko‘rinadi. 9b-rasmda A=0.02 m va L=5N bo‘lganda ikkita
algoritm bo‘yicha hisoblangan jismning tezlanish grafiklari tagqoslangan.

0,025  u, [m)] 08 4 v, [m/s]
0,020 |, 06

0015 | Fo P P P
0,010
0,005
0,000 |=
-0,005 ¢
-0,010
0,015
-0,020
-0,025 08

04
02

0,0 B

0
02 |:
o4 |

-0,6

(@) (b)
8-rasm. A=0.02 m da ko‘chishlar (a) va tezliklar (b) grafiklarini solishtirish: 1 — SIGNUM funksiyasi
yordamida; 2 — mantigiy algoritmdan foydalanib; 3 — indenterning giymatlari bilan

50,0 sa, [m/s?] 10,0
40,0 80

;!“;.!!HJH!.JM 2y
4 L

Bl

40,0 80
50,0 -10,0

(@) (b)
9-rasm. Tezlanish grafiklarini solishtirish (a) - A=0,02 m, L=20 N va (b) - A=0.02 m,L=5Nda: 1 -
SIGNUM funksiyasi yordamida; 2 — mantiqiy algoritmdan foydalanib; 3 - indenterning giymatlari
bilan

10-rasmda ®=190 rad/s chastotada jism va indenterning tezliklari va tezlanishlari
grafiklari bir xil tagqoslangan. Bu chastotada asosan sirpanish jarayoni sodir bo‘ladi,
yopishish esa gisga vaqt oralig‘ida sodir bo‘ladi.

05 v, [ms] 80 ,a, [m/s?]

d 60
0,3
0,2
0,1 e
0,0 7
0,1% 0jo5 o, 5 g:\gg 20 9
02

4
03

60

-04
-0,5 -80

2 eeeeeeenn 3

Y

N

—_1 —2 — 1 —2

(@ (b)
10-rasm. M=0.6 kg, A=0.002 m, L=20 N, »=190 rad/s giymatlardagi tezlik (a) va tezlanish (b)
grafiklarini tagqoslash: 1 — jismning tezligi va tezlanishi; 2 —indenterning tezligi va tezlanishi

Jismning xususiy tebranish chastotasi 152.7 rad/s ga teng. Shuning uchun bu
chastota atrofida statsionar tebranish rejimiga erishilgandan so‘ng harakat yopishish
holatida  sodir  bo‘ladi, ya’ni indenterning  berilgan  harakat  chastotasi
130 rad/s <w<175 rad/s oralig‘ida bo‘ladi. Bunga sabab shuki, jism yetarlicha inersiya
olishga ulgurmaydi, chunki sistemaning xususiy tebranish chastotalari va indenterning
harakat chastotasi bir-biriga yaqin. Chastotaning ®>175 rad/s qiymatlarida stik-slip rejimi
amalga oshadi.

Nihoyat, [4] ishdagi muammoni o‘lchovsiz dastlabki ma’lumotlar bilan hal gilishni
ko‘rib chigamiz 1=0.5; #=0.6; V,=1; Xx=2.5; Xts=4.0; b1=b3=0. Bu ishda ham oldingi
masalalardagi kabi ikkita turli algoritmlar yordamida olingan natijalarni tagqoslaymiz.
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11-rasmda jism tezligining o‘lchamsiz vaqtga bog‘liq ravishda o‘zgarishi ikkita
algoritm bo‘yicha hisoblangan. Mantiqiy algoritm bilan vaqt qadami 1=0.04 bo‘lganda
yaxshi natija beradi, SIGNUM funksiyasidan foydalanganda esa juda kichik o‘lchamsiz
vaqt gadamida yaxshi natija beradi.

1,5 av

o l

b

—
— |
—_—
—

(©)
11-rasm. Jismning vagt bo‘yicha tezligi: (a) — mantigiy algoritm bilan A7z=0.04 qadamda, (b) —

SIGNUM funksiyasidan foydalanib 4r=0.04 qadamda, (c) — SIGNUM funksiyasidan foydalanib
Ar=0.0001 gadamda, v=0.2, uo=3.05 giymatlarda

Ikkita turli algoritmlar yordamida olingan tezlanish grafiklari bir-biridan katta farg
giladi. Shunday qilib, 7 ning turli giymatlari uchun mantiqgiy algoritm yordamida
hisoblangan maksimal o‘lchamsiz tezlanish 2.5 ga teng, SIGNUM funksiyasidan
foydalangan holda esa 48 ga teng. Shuningdek, SIGNUM funksiyasidan foydalanib
o‘tkazilgan hisoblashlar masala parametrlarining turli giymatlarida xato natijalarga olib
kelishi mumkin.

Xulosa. Agar ishgalanayotgan ikki jismning tezliklari o‘zaro teng bo‘lsa, bu ikki
jism sirpanmasdan birga harakat qiladi, ishgalanish kuchi esa uning chegaraviy
giymatidan kichik bo‘ladi. Bu holda ular bir jism ikkinchisiga nisbatan sirpana
boshlamaguncha ularni bir jism deb qarash kerak. Biroq SIGNUM funksiyasidan
to‘g‘ridan to‘g‘ri foydalanganda, ularning birgalikdagi harakati holatidan sirpanish
boshlanishining paydo bo‘lish mexanizmini qo‘shimcha tahlil gilmasdan, sirpanishsiz
masalalarning haqigiy yechimini topish mumkin emas. Ko‘pgina tadgiqotchilar quruq
ishgalanish masalalarini yechishda bu masalani chetlab o‘tadilar, chunki haqiqgiy
o‘zgaruvchining giymati nolga aniq teng bo‘lgan tagdirdagina hagigiy o‘zgaruvchining
identifikatoridan SIGNUM funksiyasi nolni gaytaradi. Ikki jism harakatlanayotganda
ularning tezliklari fargi juda kam hollarda anig nolga teng bo‘lishi mumkin.
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Annotatsiya. Ushbu magolada tagiglangan zona kengligining haroratga bog‘ligligiga
zaryadli zarralarning effektiv massasining ta’siri tadqiq etildi. Feyn metodi fonon-elektron o‘zaro
ta’sirlarni chuqurroq tahlil gilish imkonini berib, Varshni formulasi bilan birgalikda go‘llanilganda
Eg(T) ni yanada anig hisoblash imkonini yaratdi. Si yarimo‘tkazgich materialida olib borilgan
tahlillar shuni ko‘rsatdiki, 250 K dan yugori haroratlarda effektiv massasining ta’siri yaqqol
namoyon bo‘ladi. Taklif etilgan yangi model yuqori haroratdagi fizikaviy xususiyatlarni anigqroq
tavsiflash imkonini berdi va yarimo‘tkazgichlar fizikasi sohasida dolzarb ilmiy muammo
yechimini taklif etdi. Bundan tashqari, yarimo‘tkazgich materiallarida elektron va kovaklarning
haroratga bog‘liq effektiv massasini hisobga olgan holda tagiglangan zona kengligi Eg(T) ni
modellashtirish bo‘yicha yangi yondashuv ishlab chigildi. Taklif etilgan model Maple dasturida
grafik va sonli tahlillar orgali tasdiglandi. Ushbu yondashuv, aynigsa, yuqori harorat diapazonida
Eg(T) ni anigrog hisoblashda go‘llanishi mumkin bo‘lgan kuchli vosita sifatida baholandi.

Kalit so‘zlar: Effektiv massa, tagiglangan zona kengligi, Feyn metodi, Varshni formulasi,
haroratga bog‘liglik, yarimo‘tkazgich fizikasi, Si (kremniy) materiali.

Abstract. This article examines the effect of the effective mass of charged particles on the
temperature dependence in the range. Fein's method allowed for a deeper analysis of phonon-
electron interactions, which made it possible to more accurately calculate Eg(T) when used in
combination with the Varshavni formula. Analyses performed in si semiconductor material have
shown that at temperatures above 250 K, the effect of its effective mass becomes apparent. The
proposed new model made it possible to more accurately describe the physical properties at high
temperatures and offered a solution to an urgent scientific problem in the field of semiconductor
physics.
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Keywords: Effective mass, band gap, Fein's method, Varshavni formula, temperature
dependence, semiconductor physics, Si (silicon) material.

Kirish. Yarimo‘tkazgichlar bu elektr toki o‘tishini boshgarishda muhim rol
o‘ynovchi materiallardir. Ular, asosan, elektronika va yarim o‘tkazgichli qurilmalar
sanoatida keng go‘llaniladi. Yarim o‘tkazgichlarning eng muhim xususiyatlaridan biri ular
0‘z ichida elektr toki o‘tishini nazorat gilish uchun maxsus tagiglangan zona kengligidir.
Bu zona, o‘z navbatida, materialning elektron strukturasining bir qismidir va
elektronlarning erkin harakatini cheklaydi.

Tagiglangan zona kengligi yarim o‘tkazgichlarning fizik va elektron xususiyatlarini
belgilaydigan muhim parametr hisoblanadi. Tagiglangan zona kengligi materialning
kimyoviy tarkibi, tuzilishi va atrof-muhit sharoitlariga, jumladan, haroratga bog‘lig
ravishda o‘zgarishi mumkin. Shunday qilib, harorat o‘zgarishlari yarimo‘tkazgichlarning
elektr xususiyatlarida sezilarli ta’sir ko‘rsatishi mumkin, bu esa ularning ishlashiga va
samaradorligiga bevosita ta’sir giladi [1].

Jumladan, tagiglangan zona kengligi Eg(T) ning haroratga bog‘ligligini tavsiflovchi
eng keng targalgan formulalardan biri Varshni tenglamasidir. Ushbu tenglama
yarimo‘tkazgichlarda tagiglangan zona kengligini haroratga bog‘liq ravishda tavsiflaydi

[2]: .
Eg(T) = Eg(0) — 15 1)

Bu yerda, Eg(T) —tagiglangan zona kengligining haroratga bog‘ligligi; Eq(0) — nol
haroratda tagiglangan zona kengligi; a,  — eksperimental parametrlar; T — harorat.

Bu formulani ko‘plab olimlar, masalan D.K.Biegelsen, L.F.Mattheiss, va
M.L.Cohen o‘zlarining GaAs va boshga yarimo‘tkazgichlar bo‘yicha olib borgan
tadgigotlarida qo‘llaganlar [2]. Ushbu tadgigotlardan quyidagi muhim xulosalar kelib
chiggan:

« haroratning o‘sishi bilan tagiglangan zona kengligi kamayadi.

e aVvap parametrlarining giymatlari materialga garab farqg giladi.

Feyn metodi kvant mexanikasi va kvant maydonlar nazariyasida keng gqo‘llaniladi.
Bu metod fizikaning turli tizimlarini tavsiflash uchun ishlatiladi va an'anaviy Shredinger
tenglamasidan fargli ravishda, zarraning har bir mumkin bo‘lgan yo‘lini hisobga oladi.
Feyn integral usuli bilan zarrachaning kvant holatini ifodalash uchun uning barcha
mumkin yo‘llarining superpozitsiyasi olinadi va bu usullarning har biriga fazoda
amplitudali ehtimollik gismi bilan baho beriladi. Bu yondashuv, aynigsa, qattiq jismlar
fizikasi va yarimo‘tkazgichlar bo‘yicha tadgiqotlarda qo‘llaniladi, chunki u fonon-elektron
va boshqa turdagi o°zaro ta’sirlarni hisoblashda qulaylik beradi[1,3].Ushbu adabiyotlardan
foydalanib Eg(T)ni aniglashda Feyn metodi formulasi quyidagicha ifodalalinadi:

Eg(T) = E,(0) — “"fp 7+ (Z*T)p -1 ()

Bu yerda:

Eq(T)-tagiglangan zona kengligini haroratga bog*ligligi.

Eg(0)-nol haroratda tagiglangan zona kengligi.

a-E4(T)ning haroratga bog‘liq o°zgarish tezligini ifodalovchi koeffitsiyent
9p-FononIarning o‘rtacha energiyasiga bog‘liq bo‘lgan parametr

P-nazariy
model asosida tanlangan ta’sir koeffitsiyenti.

T-harorat.

Lekin, yugoridagi (2) formuladan ko‘rinib turubdiki, tagiglangan zona kengligini
haroratga bog‘ligligida erkin elektronlar va kovaklarning effektiv massalarining haroratga
bogligligi ta’siri ko‘rib chigilmagan. Vaholangki, zaryadli zarralarning -effektiv
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massasining harorat bo‘yicha o‘zgarishi m*(T) tagiglangan zona kengligini haroratga
bog‘ligligiga mutanosib. Ya’ni quydagi munosabat o‘rinli hisoblanadi[4]:
dEg(T) __ dm=(T)
ar  ar )
(3) formuladan ko‘rinib turibdiki, yarimo‘tkazgichli materiallarning Eg(T)ni

(T
hisoblashda albatta — )ni ta’sirini etiborga olish kerak.

m(0)

Ishning asosiy magsadi, yarimo‘tkazgichlarning tagiglangan zona kengligining

harortga bog‘ligligiga zaryadli zarralarning effektiv massasining o‘zgarishi ta’sirini
moddelashtirishdan iborat.

Tadgigot metodologiyasi. Yarim o‘tkazgichlarning tagiglangan zona kengligi

Eg(T) ning haroratga bog‘ligligini aniglash materialshunoslik va gattiq jism fizikasi

sohalarida muhim masalalardan biri hisoblanadi. Harorat oshishi yoki kamayishi natijasida
kristall panjaradagi tebranishlarning kuchayishi, atomlararo o‘zaro ta’sirlarning o‘zgarishi
va fononlarning ta’siri natijasida Eg ning dinamik o‘zgarishi kuzatiladi.

Ushbu tadgiqotda Feyn integrali metodi (Feynman Path Integral) yordamida yarim
o‘tkazgichlarning tagiglangan zona kengligining haroratga bog‘ligligini tahlil gilishga
harakat gilinadi. Mazkur yondashuv fononlarning kvant-mexanik o‘zaro ta’sirini hisobga
olishga imkon beradi va klassik Varshni formulasi bilan solishtirganda yanada aniglangan
natijalar olishga yordam beradi.

Feyn metodining qo‘llanilishi orgali Ge, AlSb, CdTe, CdS kabi yarim o‘tkazgich
materiallari uchun past harorat sharoitida Eg(T) ning o‘zgarishi modellashtiriladi. Olingan
natijalar esa yarim o‘tkazgich materiallarining past haroratdagi fizikaviy xossalarini
tushunishda muhim ahamiyat kasb etadi.

Oldingi tadgigotlarda Feyn va Varshni metodlari yordamida yarim o‘tkazgichlarning
tagiglangan zona kengligining haroratga bog‘ligligi o‘rganilgan bo‘lsa-da, ushbu metodlar
o‘zaro bevosita solishtirilmagan. Masalan, Kardona va Peter Yu turli materiallar uchun
empirik va nazariy usullar yordamida Eg(T) ni tahlil gilgan, Krantz va Halperin esa kvant
effektlarini hisobga olgan model taklif gilgan. Shuningdek, Ziman fononlarning elektron
tizimlarga ta’sirini o‘rgangan [5-7].

Birog, ushbu ishlarning hech birida Feyn integrali metodi va Varshni formulasi
o‘zaro tagqoslanmagan hamda ularning natijalari Maple dasturi yordamida grafik tahlil
gilinmagan. Ushbu ilmiy ish aynan shu bo‘shligni to‘ldirishga garatilgan bo‘lib, Ge, AISb,
CdTe, CdS kabi yarim o‘tkazgichlarda Feynman va Varshni metodlari asosida hisoblangan
Eq(T) giymatlarini solishtirish va ularning tafovutlarini aniglashga garatilgan.

Natijada, ushbu ish Feyn metodi natijalari Varshni formulasi bilan ganchalik mos
kelishini aniglash, haroratning past diapazonida fononlarning rolini yanada chuqurroq
tushuntirish va bu metodlarning amaliy qo‘llanilish imkoniyatlarini baholashga xizmat
giladi.

Quyida Ge, AlSb, CdTe, CdS yarimo‘tkazgichlarining tagiglangan zona kengligini
haroratga bog‘ligligini Varshni va Feyn metodlarida Maple dasturidan foydalanib
solishtirilgan grafiklarini keltiramiz. Ushbu rasmlardan ikkala metodning farglarini yaqqol
ko‘rishimiz mumkin (1-2-rasmlar).Ushbu rasmlardagi grafiklar (1) va (2) formulalar
yordamida olingan.

1-2-rasmlardan ko‘rinib turibdiki, Feyn va Varshni metodlari natijalari yarim
o‘tkazgichlarning tagiglangan zona kengligining haroratga bog‘ligligida o‘zgarishi
sezilarli ravishda ko‘rinmoqda. Aynigsa, yuqori haroratlarda effektiv massaning ta’siri
muhum ekanligi grafiklardan ko‘rinib turibdi. Varshni metodi bo‘yicha, barcha yarim
o‘tkazgichlarda harorat oshishi bilan tagiglangan zona kengligi uzluksiz ravishda kamayib
boradi. Feyn metodida esa, past haroratlarda Eg ning sezilarli o‘zgarishi kuzatilmaydi,
ya’ni u nisbatan bargaror qoladi. Biroq harorat muayyan chegaraga yetgandan so‘ng,
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tagiglangan zona kengligining pasayishi kuzatiladi. Bu esa fononlarning harorat ortishi
bilan kuchayib borishi natijasida elektron holatlar bilan o‘zaro ta’sirining oshishi bilan
bog‘liq bo‘ladi (1-2-rasmlar).

Eg. (eV) Eg. (eV)

0.744 ) iea e,
1 _Feyn metodi Rl \~\
0.72 1.674 N _Feyn metodi
0.70 1 1.66 | :
0.68 1 . 1.65
N\
| e 1.64

~Varshni metodi

0.58 1

109 290 200 400 50 100 150 200 250
K T, K

1-rasm. Feyn va Varshni metodlari yordamida Ge va AISb yarime*‘tkazgichli materialning
tagiglangan zona kengligiga haroratning ta’siri.
Eg. (eV)

2.58 ¢ =, Eg. (V)

i 2.58 { s

_~Feyn metodi e

-3 _ Feyn metodi

P Varshni me Varshni metodi

50 100 150 200 250
50 100 150 200 250 i B S

T K
2-rasm. Feyn va Varshni metodlari yordamida CdTe va CdS yarimo‘tkazgichli materialning
tagiglangan zona kengligiga haroratning ta’siri.

Bundan tashqari, turli yarim o‘tkazgich materiallari uchun Feyn metodi natijalari
turlicha bo‘lishi mumkin. Masalan, Ge va GaAs kabi materiallarda Feyn metodi bo‘yicha
past haroratlarda tagiqlangan zona kengligi deyarli o‘zgarmaydi, birog InP va AlSb uchun
bunday stabil holat nisbatan haroratning tor diapazonida kuzatiladi. Bu esa har bir material
uchun panjara tebranishlari va ularning elektron energiya holatlariga ta’siri turlicha
ekanligini ko‘rsatadi.

Shuningdek, harorat ortishi bilan Feyn metodidagi natijalarning Varshni formulasi
bo‘yicha hisoblangan giymatlardan chetlanishi ham kuzatiladi. Bu tafovut, aynigsa, yuqori
haroratlarda aniqg namoyon bo‘lib, Varshni modeli chizigli tushish tendensiyasini
namoyish etsa, Feyn metodi ba’zi diapazonlarda noan’anaviy o‘zgarishlarni ko‘rsatishi
mumkin. Bu esa Feyn metodining kvant mexanik ta’sirlarni chuqurrog hisobga olish
gobiliyatiga ega ekanligini anglatadi.

Ushbu farglar shuni ko‘rsatadiki, yarim o‘tkazgichlarning tagiglangan zona
kengligining haroratga bog‘ligligini aniglashda Feyn metodi va Varshni formulasi bir-
birini to‘ldiruvchi yondashuvlar bo‘lib, ularning kombinatsiyali go‘llanilishi yanada aniq
natijalarga olib kelishi mumkin.

Natijalar va muhokama. Yarim o‘tkazgichlarning tagiglangan zona kengligi Eg(T)
ning haroratga bogligligi nafagat fonon-elektron o‘zaro ta’sirlariga, balki zaryad
tashuvchilarning effektiv massasining o‘zgarishiga ham bog‘liqdir. Effektiv massa — bu
elektronlarning kristall panjaradagi harakatini tavsiflovchi muhim parametr bo‘lib, u
panjara potensialining murakkab ta’sirini hisobga olib, zarraning inertligini ifodalaydi.
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Effektiv massa harorat o‘zgarishi bilan o‘zgaradi, chunki kristall panjaradagi
fononlarning faollashishi elektronlarning energiya spektriga ta’sir ko‘rsatadi. Natijada,
elektron va kovaklarning effektiv massalari harorat ortishi bilan ma’lum diapazonda
o‘zgarishi mumkin. Bu o°zgarish Eg¢(T) ning haroratga bog‘ligligini aniglashda muhim rol
o‘ynaydi.

Ma’lumki, mavjud ilmiy adabiyotlarda zaryadli zarralarning effektiv massasini
haroratga bog‘ligligini eksperimental va nazariy jihatdan aniglashda materialning fizik
xossalariga garab, har xil yondashuvlar bo‘lgan. Jumladan, effektiv massa m*(T) ning
haroratga bog‘ligligini quyidagi umumiy ko‘rinishda ifodalash mumkin [8]:

M(T) = m(0)- (1 +vyT) (4)

Bu yerda,

« m(0) - nol haroratdagi effektiv massa,

« v - material uchun eksperimental aniglangan parametr,

e T - harorat.

Tagiqglangan zona kengligi Eg(T) va effektiv massa m*(T) orasidagi bog‘liglikni
keltirib chigarish uchun olingan ma’lumotlardan foydalanib quyidagi munosabatni yozish
mumkin:

Eg(T) = Eg(0) — C(dm(T)/dT) ()

Bu yerda, C - materialning kvant-mexanik tavsiflarini hisobga oluvchi
eksperimental koeffitsiyent. Ushbu ifodadan ko‘rinib turibdiki, harorat oshishi bilan
effektiv massaning o‘zgarishi tagiglangan zona kengligining o‘zgarishiga bevosita ta’sir
giladi.

Si yarimo‘tkazgichning zaryadli zarralarining holatlar zichligi effektiv massasi (6)
va (7) formulalarda berilgan bo‘lib, elektron va teshikning holat zichligi samarali massasi
ifodasi tenglamalarda berilgan bo‘lib, ular [9] dagi tajriba ma’lumotlari va nazariyasiga
asoslangan holda keltirilgan. (6) va (7) formulalar tajriba natijalari asosida olingan bo‘lib,
ular 0 K dan 500 K gacha bo‘lgan harorat oralig‘iga to‘g‘ri keladi. Degenerativ valentlik
quyi zonasining noparabolikligi va ajratilgan valentlik quyi zonasining hisobga olinishi
kovakning effektiv massasini haroratga bog‘ligligini hisoblash uchun ko‘zda tutilgan [9].
Elektronlar uchun m;, (T") va kovaklar uchun m;‘, (T) formulalar quyidagiga teng [9, 11]:

m;, = (—1.084-107°-T3 +7.580-1077 - T? + 2.862-10"*-T + 1.057) -m,  (6)

m, = (1.872-1071-7* - 1969 -107%-T3 + 5857 -107° -T2 + 2.712-107*-T +
0.584) - m, (7)

Eg. (ev)

_Feyn metodiga effektiv
" 1massani ta'siri

1.08+

1.06

o 100 200 T'stu " 400 | 500
3-rasm. Si yarimo‘tkazgichli materialining tagiglangan zona kengligini haroratga bog*ligligiga
effektiv massani ta’siri.
[9] va [10] ishlarda zaryadli zarralarni effektiv massalarini haroratga bog‘ligligini
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aniglash ifodalari uchun boshga nazariy takliflar ham keltirilgan. Lekin bu ishlardagi
nazariy hisoblar juda past va juda yuqori haroratlarda tajriba natijalariga mos kelmagan.
Shuning uchun tadgiqgot natijalarimizni olishda (6) va (7) formulalarni o‘rganish yetarli.

U holda (6) va (7) ifodalarni (2) ga qo‘yishimiz natijasida quydagi umumlashgan
E;(m™(T),T) yangi analitik (emperik) formula kelib chigadi:

E,(m*(T),T) = E,(0) — ““f? * (ph + (ZH*T)p — 1) -(—1.084-10-2-

T3+ 7.580-1077 -T2 +2862-10"%-T + 1.057) - myq (8)
Ushbu keltirib chigarilgan (8) formula bir gator tajriba natijalarini tushuntirishga
imkon beradi. 3-rasmda (2) va (8) formulalar asosida Si yarimo‘tkazgichli material uchun
E,(T) hamda E;(m™(T), T) bu rasmdan ko‘rinib turibdiki, E,(T) va E;(m™(T),T)
grafiklar fargi T=250K dan boshlab yaqqgol ko‘rinmogda. Masalan, ushbu sonli tahlilni
quyidagi jadvalda keltirishimiz mumkin:

1-jadval
T, K Eg(T), eV E,(m"(T),T),eV n:nfg) ning ta'siri, %
5 1.1700 1.1700 0.00
30 1.1697 1.1697 0.00
55 1.1687 1.1685 0.02
80 1.1669 1.1666 0.03
105 1.1644 1.1638 0.05
250 1.1369 1.1316 0.46
300 1.1242 1.1159 0.74
350 1.1108 1.0803 2.74
400 1.0967 1.0803 1.49
450 1.0822 1.0611 1.95
500 1.0675 1.0414 2.44

1-jadvaldan ko‘rinib turibdiki, past haroratlarda m @) ning Eg(T) ga ta’siri deyarli

m*0
sezilmayapti. Lekin harorat T=250 K dan boshlab, tagiglangan zona kengligining giymati
T=250 K da 0.46% ga, T=300 K da 0.74% ga, T=350 K da 2.74% ga, T=400 K da 1.49%
ga, T=450 K da 1.95% ga, T=500 K da 2.44% ga o‘zgarishini kuzatish mumkin. Bundan
kelib chigadiki, biz taklif gilayotgan model yuqori haroratlar uchun o‘rinli ekan.

Xulosa va takliflar. Ushbu maqgolada kremniy (Si) yarimo‘tkazgichining
tagiglangan zona kengligining Eq(T) haroratga bog‘ligligini tahlil gilish va bunda zaryad
tashuvchilarning (elektron va kovaklar) effektiv massasining o‘zgarishi ganday ta’sir
ko‘rsatishini modellashtirish masalasi ko‘rib chigilgan. Tadgigotda klassik Varshni
formulasi va Feyn integrali metodi asosida hisob-kitoblar olib borilib, ularning Maple
dasturida grafik taggoslanishi amalga oshirilgan. Magola doirasida Ge, AlSb, CdTe, CdS
kabi yarimo‘tkazgich materiallari misolida haroratning Eg(T) ga ta’siri modellashtirilgan.
Shuningdek, yuqori haroratlarda effektiv massa haroratga bog‘liq holda o‘zgarib, Ey(T)
giymatlarida sezilarli farglar yuzaga kelishi eksperimental va nazariy asosda isbotlab
berilgan.
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Anotatsiya. Ushbu ilmiy tadqgigot ishida zamonaviy axborot xavfsizligi tizimlarida keng
go‘llaniladigan DES, Blowfish va GOST 28147-89 kabi keng targalgan simmetrik blokli shifrlash
algoritmlarining ichki arxitekturasi tadqiq gilinadi. Xususan, ushbu algoritmlarda go‘llaniladigan
F-akslantirish funksiyasining ishlash prinsipi, raund Kalitlarini generatsiya qilish jarayoni,
shuningdek, shifrlash tezligi va samaradorlik ko‘rsatkichlari o‘rganiladi. Tadgigot davomida har
bir algoritmning JavaScript dasturlash tilida yaratilgan funksional simulyatsiyasi yordamida xml,
txt, png va mp4 kabi turli formatdagi fayllar va turli xil fayl o‘lchamlari bilan amaliy tajribalar
o‘tkaziladi. Fayllarning o‘lchami oshirilgan holda algoritmlarning bajarilish vaqgtlari aniglanadi va
ularning samaradorligi solishtiriladi. Natijalar asosida algoritmlarning ishlash tezligi, resurs
talabchanligi va amaliy tizimlarda qo‘llanilish qulayligi bo‘yicha tahliliy xulosalar chigariladi.

Kalit so‘zlar: akslantirish funksiyasi, S-blok, raund Kkalitlari, IP almashtirish, 7P—1
yakuniy almashtirish, P almashtirish, siklik surish.

RESEARCH ON SYMMETRIC BLOCK ENCRYPTION ALGORITHMS BASED
ON FEISTEL NETWORKS (DES, BLOWFISH, AND GOST 28147-89)
Abstract. This scientific research investigates the internal architecture of widely used

symmetric block cipher algorithms such as DES, Blowfish, and GOST 28147-89, which are
commonly applied in modern information security systems. In particular, the study focuses on the
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functioning principles of the F-transformation function, the process of round key generation, as
well as the encryption speed and efficiency indicators of these algorithms. During the research,
functional simulations of each algorithm were developed using JavaScript programming language.
Practical experiments were conducted using files of various formats (xml, txt, png, mp4) and
different file sizes. By increasing the file sizes, the execution times of the algorithms were
measured and their performance compared. Based on the results, analytical conclusions were
drawn regarding the speed, resource demand, and applicability of each algorithm in practical
systems.

Keywords: transformation function, S-box, round keys, initial permutation (IP), final
inverse permutation (IP~!), P-permutation, cyclic shift.

Kirish. Axborot texnologiyalarining jadal rivojlanishi va ragamli axborot
almashinuvi hajmining tez sur’atlar bilan ortishi zamonaviy jamiyatda ma’lumotlar
xavfsizligini ta’minlash masalasini dolzarb muammolardan biriga aylantirdi, shu bois
ruxsatsiz kirish, o‘zgartirish yoki ma’lumotlarni yo‘gotish xavfini kamaytirish maqgsadida
keng ko‘lamda kriptografik usullar go‘llanila boshlandi. Ushbu usullar ichida, aynigsa,
simmetrik shifrlash algoritmlari o‘zining bir xil kalit yordamida ma’lumotlarni shifrlash va
deshifrlash imkoniyatini tagdim etgani sababli, axborotni tez va samarali himoyalashda
asosiy vosita sifatida e’tirof etiladi. Shu bilan birga, simmetrik algoritmlarning ushbu
yondashuvi real vaqgtda ishlov berish, ma’lumotlar bazalarini himoyalash va cheklangan
resurslarga ega mobil qurilmalarda go‘llanishda kam resurs talab qilishi bilan ajralib
turadi; ammo xavfsizlik darajasi, ishlash tezligi, kalit uzunligi va strukturaviy murakkablik
kabi omillar esa har bir algoritmning o‘ziga xos afzallik va cheklovlarini belgilab beradi.
Masalan, 1976-yilda IBM tomonidan ishlab chigilgan DES algoritmi klassik Feystel
tarmog‘i asosida qurilgan bo‘lib, o‘z vaqtida sanoat standarti sifatida keng go‘llanilgan;
shu bilan birga, 1993-yilda Bryus Shnayer tomonidan taklif etilgan Blowfish algoritmi
yuqori tezlik va kalit uzunligining moslashuvchanligi bilan ajralib turadi. Bundan tashgari,
sobig SSSR tomonidan ishlab chigilgan GOST 28147-89 algoritmi esa murakkab S-
bloklar va ko‘p bosgichli tuzilmasi asosida yaratilib, o‘zining maxsus xususiyatlari orgali
alohida o‘rin egallaydi.

Mavzuga oid adabiyotlarning tahlili. Feystel tarmog‘iga asoslangan simmetrik
shifrlash algoritmlari hagida ko‘plab muhim ilmiy ishlar amalga oshirilgan. Denning,
Stallings va Schneier kabi mualliflar DES va Blowfish algoritmlarining tuzilishi va ishlash
tamoyillarini chuqur tahlil gilganlar. Ischukova va Kalmykov esa GOST 28147-89
algoritmining S-bloklariga oid differensial tahlil o‘tkazganlar. Akbarov o‘z asarida DES,
Blowfish va GOST algoritmlarini taqqoslab, ularning xavfsizlik va samaradorlik
xususiyatlarini ko‘rsatib bergan. Elminaam va hamkorlari esa DES va Blowfish
algoritmlarining ishlash tezligi va samaradorlik ko‘rsatkichlarini taggoslab, ularning
amaliy samaradorligini ochib berganlar. Bu mualliflarning ishlari Feystel tarmog‘iga
asoslangan algoritmlarni o‘rganishda asosiy manba bo‘lib xizmat giladi.

Tadgigot metodologiyasi. Ushbu ilmiy tadgigot zamonaviy simmetrik blokli
shifrlash algoritmlaridan DES, Blowfish va GOST 28147-89 algoritmlarining
arxitekturaviy xususiyatlari, funksional mexanizmlari hamda dasturiy samaradorligini har
tomonlama tahlil gilishga garatilgan. Tadgiqotda nazariy tahlil, dasturiy modellashtirish va
eksperimental baholash kabi kompleks yondashuvlar uygunlashtirilib, algoritmlarning
texnik va amaliy jihatlari o‘zaro bog‘lig holda o‘rganildi. Metodologiya quyidagi asosiy
bosgichlarni o‘z ichiga oladi:

1) nazariy-tahliliy bosgich

2) dasturiy modellashtirish bosgichi

3) eksperimental baholash bosqichi

4) giyosiy tahlil va vizualizatsiya.

Natijalar va muhokama. 1976-yilda IBM kompaniyasi tomonidan yaratilgan DES,

1993-yilda Bryus Shnayer tomonidan taklif gilingan Blowfish, 1989-yilda SSSR
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tomonidan ishlab chigilgan Gost 28147-89 simmetrik blokli shifrlash algoritmlari
struktura tavsifi, F-funksiyalar tuzilishi va raund kalitlarini generatsiya gilish jarayonlari
bilan bir-biridan farq giladi.

Ochig matnga (m) boshlang‘ich ishlov berishda DES algoritmi dastlabki
permutatsiya (IP) bosqichidan foydalanadi, bu esa dastlabki ma’lumotni aralashtirish
imkonini beradi. Blowfish va GOST 28147-89 esa bu bosgichsiz, ma’lumotni to‘g‘ridan-
togri ikki bo‘lakka bo‘lib ishlov berishi sabab, shifrlash jarayonining soddalashishiga
olib keladi. Natijada ushbu algoritmlar ba’zi holatlarda kamrog hisoblash resurslari talab
giladi, bu esa ularni resurs cheklangan tizimlarda go‘llashga qulay giladi.

Shifrlash jarayonining strukturasida 16 raundli DES va 32 raundli GOST 28147-89
o‘ng gismda ishlov berish xususiyatiga ega bo‘lib, klassik Feistel tarmog‘iga mos keladi.
Blowfish algoritmi chap gismda va har bir raundda go‘shimcha kalit qo‘shish amallarini
bajaradi, bu aralashtirish va diffuziyani kuchaytiradi.

Ushbu algoritmlarda ishlatiladigan F-funksiyalardagi akslantirishlar bir-biridan farq
giladi. DES algoritmida bu funksiya kengaytirish, XOR, S-blok va permutatsiya (P)dan
iborat bo‘lsa, Blowfish algoritmida u murakkab bo‘lib, ko‘p bosgichli arifmetik va
mantiqiy amallarni o‘z ichiga oladi. GOST algoritmida modulyar qo‘shish, S-blok
almashtirish va siklik siljitish orgali yugori darajadagi diffuziya ta’minlanadi.

Yakuniy natijani shakllantirish (C) bosqgichida DES algoritmi teskari
permutatsiyadan, Blowfish kalit bilan XOR bajariladi va GOST-89 sodda tarzda chap va
o‘ng bo‘lak birlashtirilib shifr matn hosil gilinadi.

Bu algoritmlar ichida GOST 28147-89 algoritmi murakkab F-funksiyasi, 8 ta
alohida S-blok va 32 ta shifrlash bosgichi sababli xavfsizlik nugtayi nazaridan nisbatan
bargaror yechim sifatida baholanadi va differensial va chizigli tahlillarga nisbatan
chidamli giladi.

Blowfish algoritmi ko‘proq samaradorlik va moslashuvchanlik bilan ajralib turadi.
Uning har bir bosqgichidagi F-funksiyasi qo‘shish, XOR va S-blok almashtirish kabi oddiy
arifmetik va mantiqiy amallardan tashkil topganligi sabab protsessorlar tomonidan juda tez
bajariladi, aynigsa, apparat darajasida optimallashtirilgan holatlarda.

Ushbu algoritmlarning har birida kalitlar generatsiyasi o‘ziga xos mexanizmga ega.
DES algoritmida boshlang‘ich kalit uzunligi 64 bit bo‘lsa-da, jadvallar yordamida 56 bitga
keltirib foydalaniladi. Kalitlar generatsiyasi Co va Do qismlarining almashuvi va
permutatsiyasi orgali xavfsizlikni oshirsa-da, ishlash tezligini pasaytirishi mumkin.

1-jadval.
DES, Blowfish va GOST 28147-89 algoritmlarining giyosiy tahlili
DES Blowfish GOST 28147-89

r 16 16 32

m IP(m) = {Lo,Ro} | m={Lo R} m = {Lo, Ro}
Shifrlash { Li =R Li=R;4
jarayoni R; = Li 1Bf(R;—1,k;) R:i=1L. R._, k;
matematik {Li = R 1®Bf(L;—1Dk;) i = L1 ®f Ry, ki)
ko‘rinishi R; = L; 1DPk;

F F=f(R k)= P(Shox(ER_) Bk, F=f(By k)= Shox(R; + kmod2%),

) F=fliyk)= ((([si +51)mod 232) Xoasg] + s;)morw?

c C= fp_l[Llé:Rls} C = {L15®Bky7, R1sDkys} C = {L3z,R35}
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Blowfish algoritmida kalit uzunligi 32 bitdan 448 bitgacha bo‘lishi mumkin. Bu juda
katta moslashuvchanlikni ta’minlaydi. Blowfishning eng yaxshi jihatlardan biri —
boshlang‘ich kalitni S-bloklar va P-massivga moslashtirish orgali foydalanishidir. Bu
kalitlar generatsiyasini xavfsiz va samarali giladi.

GOST 28147-89 algoritmida boshlang‘ich kalit 256 bit bo‘lib, bu gismlar 3 marta
to‘g‘ri va 1 marta teskari tartibda qo‘llaniladi. Ushbu yondashuv soddaligi hamda apparat
darajasida tez ishlov berishga qulaylik yaratadi.

Kalitlar generatsiyasi bo‘yicha eng moslashuvchan va samarali algoritm bu —
Blowfish, chunki u har xil uzunlikdagi kalitlarni gabul gila oladi va kalitlar yaratish
jarayoni oddiy hamda tez bajariladi. GOST 28147-89 algoritmi o‘zining soddaligi va
anigligi bilan ajralib turadi va apparat darajasida ishlashga juda qulay. DES algoritmida
kalit uzunligining gisqaligi va generatsiya jarayonining murakkabligi sababli bugungi
kunda qo‘llanilmaydi.

2-jadval.
DES, Blowfish va GOST 28147-89 algoritmlarida kalit generatsiyasi giyosiy tahlili
DES Blowfish GOST 28147-89
Boshlang‘ich | 64 32 dan 448 gacha o‘zgaruvchan 256
kalit
uzunligi
K- K = {CO,DO} K={X1,X2,...,Xz},ZEN K={X1,X2,...,X8}
boshlang¢ich
kalit
ki —raund k; = P{C;,D;} | k; = P;PX; B_oshlaqg‘ich kalit L
Kaliti gismlari 3 marta to‘g‘ri
1 marta teskari tartibda
go‘llaniladi

DES, Blowfish, GOST-28147-89 simmetrik shifrlash algoritmlarida shifrlash va
deshifrlash hamda raund kalitlarini generatsiya qilish hamda JavaScriptda dasturiy
ta’minot yaratildi va giyosiy tahlil gilindi. Dasturiy ta’minotda Crypto-js Extension dan
foydalanib yuqoridagi algoritmlarda shifrlash tezligi (bajarish vaqti) va turli fayl
o‘lchamlari bo‘yicha baholanadi. Sinovdan o‘tkazilgan o‘lchamlar: 10MB, 20MB va 30
MB. Quyidagi natijalar olindi :

DES Blowfish Magma
60 000

50 000
40 000
30 000
20 000
10 000

W]
10.mp4 20.mp4 30.mp4

1-rasm. Har xil hajmdagi fayllarning shifrlash vaqgtlari

3-jadval
Har xil hajmdagi fayllarning shifrlash vagtlari jadvali (ms).
Fayl Hajmi DES Blowfish GOST 28147-89
10Mb 16360.9 2548.6 424.3
20 Mb 33008.2 5197.7 824.5
30 Mb 52729.4 8908.2 1476.8

Bundan tashgari, har bir shifrlash algoritmi bir xil hajmda bo‘lgan turli fayl
formatlari bo‘yicha baholandi. Sinovdan o‘tkazilgan fayl turlari: xml, txt, png va mp4.
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4-jadval
Algoritmlarning turli formatdagi ma’lumotlarni shifrlash vaqgtlari jadvali (ms).
Fayl Turi DES Blowfish GOST 28147-89
Xml 13976.7 1269.1 387.2
Txt 12912.2 1214.8 405.7
Png 22898 2691.1 402.9
Mp4 23494.3 2741.1 4459

25 000

20 000

15 000

10 000

5 000

2-rasm. Algoritmlarning turli formatdagi malumotlarni shifrlash vagtlari

Xulosa va takliflar. DES, Blowfish va GOST 28147-89 algoritmlarining tadqiqi
shuni ko‘rsatadiki, ularning har biri o‘ziga xos afzallik va cheklovlarga ega. DES algoritmi
Feystel tarmog‘ining klassik namunasi bo‘lib, deshifrlash jarayonida teskari struktura
yaratish oson, birog uning 56 bitli kalit uzunligi hozirgi zamon talablari uchun gisga
hisoblanadi. Blowfish algoritmi esa moslashuvchan kalit uzunligi (32—448 bit) va yuqori
tezligi bilan ajralib turadi, bu uni tezkor va xavfsiz shifrlash talab etiladigan sohalarda
go‘llashga imkon beradi. GOST 28147-89 algoritmi yuqori kriptografik xususiyatlarga ega
bo‘lib, ko‘p bosqgichli F-funksiyalar akslantirishlariga asoslangan. Ammo uni zamonaviy
apparat va dasturiy platformalarga integratsiya qilishda qo‘shimcha resurslar va
funksiyalar talab gilishi mumkin.

Turli hajmdagi va formatdagi fayllarning shifrlash vagtlari bo‘yicha olingan
natijalardan Gost 28147-89 algoritmi tez shifrlash algoritmi hisoblanadi. Sinovdan
o‘tkazilgan barcha shifrlash algoritmlari, fayl o‘lchamining oshishi bilan bajarish
vaqtining proporsional ravishda oshishini ko‘rsatdi.

Umuman olganda, har bir algoritm o‘zining go‘llanish sohasi va sharoitiga ko‘ra
samarali bo‘lib, ularning tanlovi xavfsizlik talablari va texnik imkoniyatlarga bog‘liq.
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Annotatsiya. Kesmada beilgan parametrga bog‘lig bo‘lgan chizigli tenglamalar
sistemasining parallelepipedda yechimlarini qurish masalasi qgaralgan. Dastlab parametrning
kesmadagi biror giymatida chizigli tenglamalar sistemasining parallelepipedda yechimi mavjud
yoki mavjud emasligi aniglanadi. Agarda parametrning bunday giymati mavjudligi aniglansa,
bunday parametrlardan kesmadagi eng kattasi aniglanadi. So‘ngra parametrning bu giymatidan
chapdagi giymatlarini o‘z ichiga olgan biror sohada qaralayotgan masalaning yechimlari
mavjudligini aniglash bir o‘zgaruvchili chizigli tengsizliklar sistemasini yechish orgali amalga
oshiriladi hamda bu sohadagi parametrning giymatlari uchun garalayotgan masalaning yechimlari
quriladi. Bu jarayon chekli sonda takrorlanib, garalayotgan masala yechiladi, bu jarayonlardagi
go‘shimcha masalalar chizigli programmalash masalasini yechishning adaptiv (taynch) usuli
yordamida hal gilinadi. Qaralayotgan masalani yechish algoritmi hamda algoritmni illyustriatsiya
giladigan misollar keltirilgan.

Kalit so‘zlar: chizigli tenglamalar sistemasi, parametr, algoritm, matritsa, determinant,
Gauss usuli, yechim.

AN ALGORITHM FOR CONSTRUCTING SOLUTIONS OF A SPECIAL
SYSTEM OF LINEAR INEQUALITIES DEPENDING ON A PARAMETER
DEFINED ON A SEGMENT

Abstract. The problem of constructing solutions of a system of linear equations depending
on a parameter within a segment and bounded by a parallelepiped is considered. Initially, for a
certain value of the parameter within the segment, it is determined whether a solution to the system
of linear equations exists within the parallelepiped. If such a value of the parameter exists, the
maximum of such parameter values within the segment is identified. Then, in a certain domain
including values to the left of this maximum parameter, the existence of solutions to the
considered problem is verified by solving a system of linear inequalities in one variable, and the
solutions of the problem are constructed for these parameter values. This process is repeated a
finite number of times until the problem is solved. The auxiliary problems arising in these
processes are solved using the adaptiv (support) method for linear programming. The algorithm for
solving the considered problem and illustrative examples of the algorithm are provided.

Keywords: system of linear equations, parameter, algorithm, matrix, determinant, Gaussian
method, solution.

Kirish.Chizigli tenglamalar sistemasining umumiy nazariyasi [1] adabiyotda, bir
jinsli chizigli tenglamalar sistemasining barcha nomanfiy yechimlarini qurish [2] ishda, bir
jinsli chizigli tengsizliklar sistemasining barcha nomanfiy yechimlarini qurish [3] ishda,
chizigli tengsizliklar sistemasi yechimi mavjudligi kriteriysi [4] ishda, sistemaning
yechimlarini aniglash wusullari [3-6] ishlarda, chizigli tenglamalar sistemasining
manfiymas yechimini (barchasini emas) chizigli programmalash masalasidan foydalanib
aniglash [8] ishda, kvadratik programmalash masalasi yordamida aniglash [9] ishda, n
o‘lchamli fazoning gipertekisliklari bo‘ylab yo‘nalishlar yordamida [10] ishda, chizigli
tenglamalar sistemasining parallelepipedda yechimini chizigli programmalash masalasidan
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foydalanib aniglash [11], kvadratik programmalash masalasi yordamida aniglash [12]
ishda garalgan.

Parametrga bog‘lig chizigli tenglamalar sistemasining parametrning barcha
giymatlarida parallelepipedda yechimi mavjud yoki mavjud emasligini aniglash masalasi
[13-16] ishlarda garalgan.

Ushbu ishda kesmada berilgan parametrga bog‘liq bo‘lgan chizigli tenglamalar
sistemasining parallelepipedda yechimlarini qurish algoritmi ishlab chigilgan.

Masalaning qo‘yilishi. X = {x|f. = x < f*} (1)
va

Y(x) = {ylg. =y < g",ax + By = b} )
to‘plamlar berilgan bo‘lIsin.

Buyerda x, £, £ -sonlar, y = y(K), g. = g.(K),g" = g"(K) — 1 vektorlar,
b==b{),a=a(l)-m vektorlar, B = B(I,K)— mxl, rankB=m</,
I={12,...,m},] ={12,..,01}.

X kesmadan olingan barcha X parametr uchun unga mos keluvchi Y (X)
to‘plamlarning bo‘sh yoki bo‘sh emasligini, Y (x)s < shartni ganoatlantiruvchi
barchax e X uchun vy (x) to‘plamlarni qurish masalasini gqaraymiz.

Tadgigot metodologiyasi. Qaralayotgan masalani tadqiq etishda chizigli
programmalash masalasini yechishning usullaridan [11,17], ikkilanmalik nazariyasidan
[11], chizigli tengsizliklarni yechish usullaridan foydalanamiz.

Qaralayotgan masalada x parametrning X kesmadagi biror giymatida Y (x) = @ yoki
Y (x) = @ bo‘lishini aniglash magsadida chizigli programmalashning birinchi faza
masalasini [11] tuzamiz va uni adaptiv [17] usuldan foydalanib yechamiz. Birinchi faza
masalasi yechimida sun’iy o‘zgaruvchilar vektori noldan fargli bo‘lgan holda garalayotgan
masala yechimga ega bo‘ladigan parametrning eng kichik (eng katta) giymatini aniglash
uchun chizigli programmalash masalasini tuzamiz va uni adaptiv [17] usuldan foydalanib
yechamiz. Yechimdagi x parametrning giymatida chizigli programmalash masalasini
yechamiz va yechimning optimalligini identifikatsiya giladigan tayanch yordamida x
parametrga nisbatan chiziqli tengsizliklarni tuzamiz va uni yechamiz. Bu tengsizliklar
yechimining aniglangan o‘ng (chap) chegarasi giymati parametrning aniglangan eng katta
(eng kichik) giymatiga teng bo‘Imasa, ikkilanmalik nazariyasidan foydalanib, bu chegara
giymatidan o‘ngdagi (chapdagi) parametrning giymatlarida garalayotgan masala yechimga
ega yoki ega emasligini aniglaymiz. Keltirilgan jarayonni chekli marta takrorlab,
garalayotgan masala yechimlar to‘plamini, bu to‘plamning gism to‘plamlarini quramiz.

Natijalar va muhokama. Qaralayotgan masalani yechish algoritmini keltiramiz.

l-gadam. Y(x) = {y|lg. <y < g*,ax + By = b} to‘plamning bo‘sh yoki
bo‘sh emasligini aniglash uchun y° = g,, x° = f. bo‘lganda hisoblaymiz:

w=b—af.—Bg., va quyidagi chizigli programmalash masalasini (chizigli
programmalash masalasining birinchi fazasi masalasini) [11]

—e'y,, — max, 3)
B(i,K)y+ax+c,.y., =b;, | =1m (4)
g.<y<g ,f.<x<f"0<y,. o, |,i=1,m,e'=(11,...,1), ()
(Ci,yi =1lagar w; =0, ¢j,,; =—lagara <0, i=1,m)
boshlang‘ich tayanch plan gyo xoy ——w |, i=1m; Kop =01 +L1+2,...1+m}}

bo‘lganda adaptiv usul [17] bilan yechamiz. Agar (3)-(5) masala yechimida (optimal
planida) y, = (y;.,, i =1, m) noldan farqli bo‘lsa, u holda masalani yechish algoritmini
to‘Xtatamiz: wx e X ,Y (x) = <. Aks holda 2-qgadamga o‘tamiz.
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2-gadam.

x — max (yoki - x — max)
By +ax = b, (6)

g.<y<g . fis<x<f
masalani boshlang‘ich plan y?,x° bo‘lganda adaptiv usul [17] bilan yechamiz.
Yechimni o, o orgali belgilaymiz. p = x°,5, = @ deb olamiz va 3-qgadamga
o‘tamiz.
3-gadam. Biror d’ = o vektorda
d'y — makx,
By = b — Ax°, )
g-=y=9g

masalani boshlang‘ich plan yO bo‘lganda adaptiv usul [17] bilan yechamiz va 4-gadamga
o‘tamiz.

4-gadam. (7) masala yechimida va bu yechimni identifikatsiya giladigan Kop
tayanchda

op) S V(Kop) < g (Kop) e < x < f7}) 8)
to‘plamni quramiz (tengsizlikni yechamiz), bu yerda
-1

v(Kop) = [B(1,Ko,p)] [b(D) = BU, K)y(K,) — ax]
va bu S to‘plamning chap (o‘ng) chegarasini &, S;: = S; U S deb olamiz. Agar @ = f.
bo‘Isa yoki barcha x € S uchun

-1
9.-(Kop) < [B(LKop)| ™ [bU) = BU, K,)y(K,) — ax] < g (Kop)
qat’iy tengsizliklar bajarilsa, masalani yechsh algoritmini to‘xtatamiz. S; garalayotgan
masalaning yechimlar to‘plami, esa S bo‘ladi. Aks holda 5-gadamga o‘tamiz.
5-gadam.
K r = {k € Koplyk* = g}: v g*k}

to‘plamni (y;,, = gx va y, = g.x o°rinli bo‘ladigan k «ikki» marta kiritiladi) tuzamiz.

K, . to‘plamdan biror lementni olamiz v.
kropa dan biro koeKkree e ola a

Aby, = —1l,agarda va yy, = g.x,,Ad,, = 1,agarda y;, = gi
A8, = 0,k € K, \k, deb olib, quyidagilarni hisoblaymiz:
AE'(KH) = A8 (Kop) [B(I, Kop) 17 BU, K

——,agar keK;F bilan AS,, < 0 yoki keK,; bilan AS, > 0,

o, agar keK,t bilan AS, = 0 va keK,; bilan AS, <0,k € K,,.
k K, |AR>O}K- ={k €K, |Ak<0}K —K"'UKn,K"'

(K_ )

A'(K) = d'(Kop)[B(1,Kop)] 1B, K) — d'(K)

Ok, = min oy . K. = {k € K, |0y, = 0,0, < o0} to‘plamni quramiz. Agar
' €Kon

K. = O bolsa, k0 elementni Kkr to‘plamdan chigaramiz. Aks holda har bir k ek,

uchun Kgp, = (Kyp U k)\k, to‘plamlarni quramiz. Bu to‘plamlardan va K, dan Ké’p
to‘plamni quramiz. koelementni Kkr to‘plamdan chigaramiz. Qulaylik uchun hosil

bo‘lgan to‘plamni yana Kk bilan belgilaymiz. Biror kO EKkr elementni tanlab,

r
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yugorida keltirilgan jarayonni takrorlaymiz va yangi Kgp to‘plamlar bo‘lsa, ularni Kfp
to‘plamga qo‘shamiz. Agar Kkr =@ bo‘lsa, biror K, € K{fp uchun yugqorida

keltirilgan jarayonni takrorlaymiz va yangi Kgp to‘plamlar bo‘lsa, ularni Kéjp

qo‘shamiz. Barcha K, € K{fp lar uchun (8) ga asosan S to‘plamlarni tuzamiz. Tuzilgan

S to‘plamlarning barchasining quvvati birga teng yoki birdan kattalari bo‘lib, chap (o‘ng)
chegarasi # dan katta (kichik) bo‘lsa, masalani yechish jarayonini to‘xtatamiz. Aks holda

quvvati birdan katta bo‘lgan S to‘plam, unga mos tayanchni qulaylik uchun Kop deb
belgilab, 4-gadamga o‘tamiz.

1-misol. Parametrlari

f.=-10,f"=10,g9'. = (0;0;0;0;0), g =1(6;7;100;100;100),

1 -1 1 1 0 0 4
a=|-1),B=11 1 0 1 0),b=(10)
2 1 -1 0 0 1 5

bo‘lgandagi masalani qaraymiz.

1-qadam.
Y(x) ={yv|g. <v < g ,ax + By = b} to‘plamning bo‘sh yoki bo‘sh emasligini
aniglash uchun y°' = g’. = (0,0,0,0,0),x° = f,= —10 bo‘lganda hisoblaymiz:
w=>b—af.—Bg. = (14,10,25) va quyidagi chizigli programmalash masalasini
(chizigli programmalash masalasining birinchi fazasi masalasini)
—Ye — Y7 — Yg 7 max

{ x—y1+y, +y3+ye =4,

to‘plamga

—x+y, +y2 +ys+y; =10,
2x+y; =y, +ys +ys =5,
(—10,0,0,0,0,0,0,0,0) = (x,¥1,¥2,¥3, Y4, Y5, Y6, Y7, V8)
< (10;6;7;100;100;100;14;0; 25)
boshlang‘ich plan (—10; 0; 0; 0; 0; 0; 14; 0; 25) bo‘lganda yechamiz. Bu masalaning
yechimi (—10;0; 0; 14;0;25; 0; 0; 0). 2-qadamga o‘tamiz.
2-gadam.

—Vvi+y:+yst+x=4%
yvi+yz+ys—x =10
Vi —Y2+ys+2x=5
0<y, <6
0 <y; <100,i = 3,5
—10=x =< 10
masalani y'=(0, 0, 14, 0, 25, —10) boshlang‘ich plan va tayanch Kop={2,4,6}
bo‘lganda yechamiz:
K,={1,3,5}
2/3 0 —1/3
[B(I,Kop)]—1:<—1/3 1 2/3 )
1/3 0 1/3

2/3 0 —-1/3\/—1 1 1
A'(kx,)=(0,0,1) (—1/3 1 2/3 )( 1 0 —1)— (0,0,0) = (0,1/3,1)-
1/3 0 1/3 1 0 2
Optimallik kriteriysi bajarilmaydi
A= 0;y = 0]
Az=Z;ys = 14 > 0;
As=1;ys = 25 > 0.
X psevdoplanni quramiz y; = 0,x3 = 0,5 = 0,
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GGt ()-8 )

Psevdoplan »’ = (0,1,0,12,0,3) masalaning plani bo‘lgani uchun optimallik kriteriysi
bajariladi. Demak x parametrning maksimal qiymati 3 ekan.
3-gadam.

—y; = max
i +y:+yz3 =1
yi+y2+y, =13
Yi—Yz2+ys =—

0 <y <100,i =3,5

masalani boshlang‘ich plan y = (0,1,0,12,0) bo‘lganda adaptiv usul bilan [5,6]
K,,={2,3,4} boshlang‘ich tayanchda yechamiz.  Bu masalaning yechimi
y = (0,1,0,12,0) bo‘ladi, optimal planni aniglaydigan tayanch Kop:{2,3,4-} , baholar
vektori A’= (1,0,0,0,0) va bu yechimda (8) formulaga asosan S to‘plamni aniglash
uchun tengsizliklarni tuzamiz:

G & D) G ) 6)
(6) = (2) = (o) w0 =2

Bu tengsizliklarning yechimi 5 /2 < x < 3 kesmadan iborat.
Demak, S = [5/2,3]. X parametrning [5/2,3] kesmadagi giymatlarida garalayotgan
masalaning yechimi quyidagicha aniglanadi:
vy =0;y,=2x—-5;,y3=9—-3x;y, =15 — x; y5 = 0.
S, =[5/2,3].
4-gadam.
Ky, ={2,3}
to*plamni tuzamiz, chunki y, = (2 *g— 5= 0) ,¥3 = (9 —3 %3 =0).

ko = 2,A8, = 1,A85; = AS, = 0 deb olib, quyidagilarni hisoblaymiz:

(AS;,AS85) = (—1,—1), oy = 1,05 = 0.

k. =5Kz, ={2,3,4:\{2} U {5} = {3,4,5}. Yangi tayanchga mos baholar
vektori

= (1,0,0,0,0).k, = 3,A6, = 0,A65; = 1,Aé, =0 deb olsak,
(A6;,A85) = (0,1),0; = 0,05 = © bo‘ladi. Aslida kg = 3 x parametrning 3
giymatiga mos kelganligi, 3 o‘ng chegara bo‘lganligi uchun garalmasa ham bo‘lar edi.
y1 = 0;y, = 0 debolib S to‘plamni tuzamiz

0 4 —x 100
(0) = (—10 + x) = (100), —10 = x =< 3.
0 5—2x 100
S =[-10,5/2].
to‘plamni quramiz (tengsizlikni yechamiz). X parametrning [—10,5/2] kesmadagi
giymatlarida garalayotgan masalaning yechimi quyidagicha aniglanadi:
Vi =0;y,=0; y3=4—x;y, = —10+ x; 5 =5 — 2x.
S to*plamning chap chegarasi -10 bo‘lgani uchun S;1: =51 U S deb olamiz va masalani
yechish jarayonini to‘xtatamiz.

e ————————————
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2-misol. Parametrlari
f.=-—5, f* =15, g.=1(0;0;0;0;0), g =(5;4;100;100;100),

1 1 -1 1 0 0 5
a=(2),B=(2 1 0 1 0),b=(8)
—1 1 3 0 0 1 15
bo‘lgan masalani garaymiz.

Keltirilgan algoritmdan foydalanib, x parametrning [-5,4] kesmadagi giymatlarida
masala yechimga ega va bu yechim

yi=4—xy, =0, y3 =1y, =0,y5s =19

ko‘rinishida bo‘lishini hosil gilamiz.

Xulosa. Ishda kesmada berilgan parametrga bog‘liq bo‘lgan maxsus chizigli
tengsizliklar sistemasining yechimlarini qurish masalasi garalgan. Qaralayotgan masalani
chizigli programmalash masalasini yechishning adaptiv usuli yordamida yechish algoritmi
ishlab chigilgan va keltirilgan.
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AnHoTanms. B manHO# paboTe paccMarpuBaeTCs aHATUTUICCKOE HCCIICIOBAHHUE 3aaqr
Komm, cBsi3aHHOW € HarpyXeHHbIM MOAWGUIMPOBAaHHBIM ypaBHeHHeM KopreBera-me ®puza
maToro mopsiaka. OcoOEHHOCTBIO HW3ydaeMOW MaTeMaTHYeCKOH MOJNENH SBISETCS Hadne
Harpy>KeHHbIX KOX(QQHLHUEHTOB, 3aBUCSIIIMX OT HMCKOMOH QYHKIMHM, a TaKXKe aHaju3 B
MPOCTPAHCTBE OBICTPOYOBIBAIOMINX (DYHKIIHIH, T pEIIeHNne CTPEMUTCS K HYJIIO SKCITOHEHITHAIEHO
IpU yAaJeHUH OT Hayaia KoopAuHaT. OCHOBHBIM METOJIOM, WCIOJb30BaHHBIM IS pPELICHUS
MOCTaBJICHHON 3aJ/1a4d, SIBISIETCS METOJ OOpaTHOW 3afjadu pacCesHHs, MTO3BOJIIOMNN YCTaHOBUTD
TOYHYIO TUHAMHUKY JaHHBIX PAcCEsIHUsI JIJIsl COOTBETCTBYIOIICH CIEKTpaibHOU 3aJauM, CBSI3aHHOM
¢ omeparopom Jlupaka. B pabGore mokazaHO, YTO 3BOJIONHUS STUX HAHHBIX PACCESHUSI TECHO
CBsI3aHA C BPEMEHHBIM IOBEICHHMEM IMOTEHLMada omneparopa Jlupaka, KOTOPBIM MPEACTABIAET
co0oi1 pemreHue paccMaTpuBaeMoro ypaBHeHHs. [lomydeHHBIE pe3yibTaThl PacCIIMPSIOT Kiacc
WHTETPUPYEMbIX HEIMHEWHBIX SBOJIOIHMOHHBIX ypPaBHEHHH M CIOCOOCTBYIOT Oosiee TiryOOKOMY
TMMOHUMAHUWIO BJIWAHUA HArpy>XCHHBIX YJICHOB Ha pa3BUTHUC yCI[I/IHéHHI)IX BOJIH B HECKJIACCUYCCKUX
(PM3UIECKIX MOJIENSAX.

KawueBbie ciaoBa. MoaudunupoBanHeie ypaBHeHusi KopreBera-ne ®puza mnstoro
Tnops/IKa, pemenns Mocta, TaHHbIe PAacCesHNs, MHTErpaibHOe ypaBHeHHe I enbpanna-Jleurana-
MapueHko.

BESHINCHI TARTIBLI YUKLANGAN MODIFITSIRLANGAN
KORTEVEG-DE FRIZ TENGLAMASI UCHUN KOSHI MASALASINI TEZ
KAMAYUVCHI FUNKSIYALAR SINFIDA YECHISH HAQIDA

Annotatsiya. Ushbu magolada beshinchi tartibli yuklangan modifitsirlangan Korteveg-de
Friz tenglamasi bilan bog‘lig bo‘lgan Koshi masalasining analitik tadqgiqi ko‘rib chigiladi.
O‘rganilayotgan matematik modelning xususiyati shundaki, u izlanayotgan funksiya orgali
ifodalangan yuklangan koeffitsiyentli hadlarini o‘z ichiga oladi hamda tahlil tez kamayuvchi
funksiyalar fazosida olib boriladi, bunda yechim koordinatalar boshidan uzoglashgan sari
eksponensial tarzda nolga intiladi. Qo‘yilgan masalani hal gilishda asosiy vosita sifatida sochilish
nazariyasining teskari masalalari usuli go‘llaniladi, bu esa Dirak operatoriga bog‘liq bo‘lgan
spektral masala uchun sochilish nazariyasi berilganlarining aniq dinamikasini aniglash imkonini
beradi. Magolada ushbu sochilish nazariyasi berilganlarining evolyutsiyasi Dirak operatori
potensialining vaqtga bog‘liq harakati bilan chambarchas bog‘liq ekani isbotlanadi. Olingan
natijalar integrallanadigan nochiziqli evolyutsion tenglamalar sinfini kengaytiradi va noan’anaviy
fizik modellar doirasida yakkalangan to‘lginlarning rivojlanishiga yuklangan hadlarning ta’sirini
chuqurroq tushunishga xizmat giladi.

Kalit so‘zlar. Beshinchi tartibli modifitsirlangan Korteveg-de Friz tenglamasi, Yost
yechimlari, sochilish nazariyasining berilganlari, Gelfand-Levitan—Marchenko integral
tenglamasi.

BBenenne. Cpenu HanOonee U3BECTHBIX HETMHEHHBIX YBOJIOIIMOHHBIX YpaBHEHUN
oco0oe MecTo 3aHMMaeT MoauduimpoBanHoe ypaBHeHue Kopresera-ge ®puza (MKnd)
[8], a Takke ero MHOro4HMCIeHHBIE 0000mIeHus [1, 6 u ap.], ommcheBaromye Oomee
ClOXHBIe (hu3nyeckue siBleHus. YpaBHeHus Tuna MKnad, obnamaromme paciimpeHHON
CTPYKTYPOUH 3a CUET BKJIFOUEHHUS JOMOITHUTEIIbHBIX WJICHOB, aKTUBHO HCIIONB3YIOTCS IS
aHaJM3a IIUPOKOTO CIeKTpa ¢u3nueckux sBiaeHud. B pabore [4] mnoka3zaHo wux
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MPUMEHEHUE JUIsI MOJIEIMPOBAHMS TPAHUYHBIX BOJH B JBYXCJIOMHBIX JKHUJIKOCTSX C
MEPEMEHHON TIIyOMHOW, TJA€ HEOJHOPOJHOCTh CpEIbl CYIIECTBEHHO BIMSIET Ha
JUCIIEPCUOHHBIE CBOWCTBA. [[pyroil mpumep CBsi3aH C U3yYEHUEM HOHHO-aKyCTUUYECKHX
COJIMTOHOB B OJHOPOJHOW Iiasme [7], rae ypaBHEHUE MO3BOJIAET BBISIBUTH YCIOBUSA
YCTOMYMBOCTH  TaKMX KBAa3WYaCTUUHBIX BO30OyxkaeHuwil. B  OunomexaHuke OHH
WCTIONB3YIOTCSA JIJII MOJEIHPOBAHUS TYJIbCOBBIX BOJH B DJIACTUYHBIX apTEPUATBHBIX
CTeHKaX Ipu AeQopManusix, BBI3BAaHHBIX KPOBOTOKOM [10], 4TO OTKPHIBAET BO3ZMOXKHOCTH
JUISL TUAaTHOCTHKY CepAEUYHO-COCYIUCTBIX 3a00IeBaHUIMA.

B koHTekcTe M3yuyeHHUsi MOBEPXHOCTHBIX BOJH Majioil aMIUIUTYAbl B KaHalax C
IJJABHO ~ M3MEHSIOUIMMUCA  T€OMETPUYECKMMM  [apaMeTpaMd U HEHYJIEBOH
3aBUXPEHHOCTHIO B pabote [9] paccmaTtpuBaercs 06obmeHHOe ypaBHeHHe MKa® msiToro
MOPSIIKA, UMEIOIIEE CIAEAYOIUN BUL:

u, +30u‘u_+10u’ +40uu u_ +10u’u, +u_. +AB(t)u, =0.
BaxHBIM pe3ynbTaToM JaHHOTO MCCIIEJIOBAHMS CTAJIO JOKA3aTeIhCTBO HHTETPUPYEMOCTH
ypaBHeHHs B CcMbIciae ycinoBus [lenneBe, a Takke IIOCTPOCHHME CceMeilcTBa
MHOTOCOJIMTOHHBIX PEHICHUH C MCIOJIb30BAaHUEM MOJU(PHUIIMPOBAHHOTO BapUaHTa METO/Ia
XUpOTHI, YTO OTKPBHIBAET BO3MOXKHOCTH JUISI JETAIBHOTO aHalli3a HECTAIIMOHAPHBIX
BOJTHOBBIX TIPOIIECCOB B HEOTHOPOIHBIX cpenax [9].

B pabore Haxymiesa [5] mpencraBieHo camoe 00IIee onpe/eieHne Harpy>KeHHOTO
YpaBHEHHS, a TaKKe TpOBEleHa TMOAPOOHas KIACCU(PUKAIMA PA3JIMYHBIX BHUJIOB
HArpy»keHHBIX ypaBHeHHMH. B mnuteparype mox HarpyxeHHbIMH UG depeHInaTbHBIMU
YpaBHCHHSMH TIOHUMAIOT YpaBHEHUS, KOA((OUIMEHTHI WIM TpaBas 4YacTh KOTOPBIX
CoZiepKaT HEKOTOpble (YHKIMOHAJIBl OT pEUICHHs, B YACTHOCTH, 3HAYCHHS CaMOTO
pEIIeHHsI WM €ro TPOU3BOAHBIX HA MHOT00Opa3usaX MEHbIIEH pa3mepHocTH [3, 5].

B naHHOM WHCClIEIOBaHWM pacCMaTpPUBACTCS HArpy)KeHHOE MOIU(PHUIIMPOBAHHOE
ypaBHeHune Koprerera—ie ®@pu3za nsaToro mopsiaka cleayromero BIa;

u, + P, (u(x,,t))(30u*u, +10u’ +40uu u, +10u®u_ +u_ )+ Pu(x,t)u, =0 (1)
rae P, (u(x,,t)) 1 B(u(x,t)) — HEKOTOpbIe MHOTOYIECHBI OT U(X,t) u eé wactubx
npou3BoAHBIX 0 X u [ B TOukKax X, ¥ X; COOTBETCTBCHHO.

Nzyuenue ypaBaenus (1) mpoBOIUTCS ¢ yUETOM HAYAIBHOTO YCIIOBHS

u(x,0) = Uy (). 2)
ITpu 5ToM QYHKIHA U, (X) (—oo < X < co) 00JNAAET CIEMAYIOMIUMH CBOHCTBAMH:
1) e*Muy(x) = C@+|x)™7, 3)
rae £ > 0,7 >0 u C > 0 M0JI0KUTEIbHBIC KOHCTAHTHI,
d
— U
2) Omeparop L(0) = i dx umeer poHo N mpocTeix
d
o)

cOOCTBEHHBIX ~ 3HadeHMH £ (0),&,(0),...,& (0)  PACIONOKEHHBIX B BEPXHEH
KOMIUIEKCHOM TOJYIIIOCKOCTH ¥ HE UMEET CIEKTPAIbHBIX OCOOCHHOCTEH.
Mpexmonoxum, urto ¢ysknus U(X,1) obmamaer TpeGyemoil TmagkocThio H
JOCTaTOYHO OBICTPO CTPEMHUTCS K CBOMM TIpejiesiaM mpu X —> 100, T.4.
o
] 3 —aku()k(’t) dx<o.  (4)
A kmo| OX

OCHOBHO# TIeNTbI0 PaOOTHI SBIISIETCS OMyYSHUE MPEACTABICHUHN ISl PEIICHUS
u(x,t), samaum (1)-(4) B pamMxax MeToza 0OPATHOM 3aauK paccesHHs [ ONlepaTopa

35



QarDU xabarlari FIZIKA-MATEMATIKA 2025 3(2)

d
Ly =i| 9% ueen
—U(X,t) _i
dx

MeToao0y10rusi MCCJIeI0BAHMSA. PaCCMOTpI/IM cileayrmee cucrteMa ypaBHeHI/Iﬁ

Hupaxa
{ Vi + i§V1 = uo(X)V2’

Voy =18V, = —Ug (X)V;,

Ha Beeii ocn (—00 < X < 0), ¢ notenuuanom Uy(X) yrnoenersopstomum yenosuio (3).

(5)

_ T
Buano, 4to ¢ momompro omneparopa L(O) U BeKTOp-QyHKIMU V = (Vl, V2)
cuctemy (5) moxno neperucats B Bue L(0)v =&v.  Cucrema  ypasuennmii  (5)

JOMycKaeT pemieHus Jocta, acUMNTOTHYECKOE TOBEAEHUE KOTOPBIX 3amaéres
CJIeYIOIUM 00pa3oMm:

1 ) 0) .
(X, &) ~ ((Je"fx, P(X, &) ~ [_Je"fx, Im& =0, Xx— —o0; )

l//(x,é)N[(l))e‘“, y?(x,g)w(cl)je‘“, Im&é=0, x— oo

Mpu neticreutensubix &, napsl Bekrop-pynkuuit {@, @} n {y, 7} aensrorcs napamu

JMHEIHO HE3aBUCUMBIX pelIeHull i cucteMbl ypaBHeHu# (5). [loatomy umeroT Mecto
CJIEIYIOIINE COOTHOLIEHUS

P = () + b, } v =-a@e 5(6)%} (7)
@ = —a(E)y +b () v =a(e+b&)¢ |’
a(e) =W{p,y}, b(&)=W{7, ¢}, |a@)F +|b(&)F=1, a(s)=a(-$), b(g)=b(-E).

Kosppummentsr a(E) u b(E) nenpepusub s IME = 0 u ynosnersopsiior

ACUMITOTUYECKAM PAaBEHCTBAM:
a(&) =1+ O(|§|fl)’ b(&) = O(|§|fl), |§| —> oo, DyHKIIHIO l//(X,gg) MOYKHO

IPEACTABUTD CIIETYIOIIUM 00pa3oM:
w(Xx,&) = [gjei‘fx +_[K(x,s)e‘§sds, (8)

rie K(x,s) :(Kl(x,s) Kz(x,s))T. B npencraBnenuu, npuBea€HHOM B (8), SApo
K(X,S) He 3aBUCHT OT MEpeMEeHHOH ¢, M TpPU ITOM CIHPABENIMBO COOTHOIIEHHE
u(x) = —2K, (X, x). ®ynxuus a(&) (ﬁ(f)) AHAIIMTHYECKH TIPOIOJDKAETCS B BEPXHIOK
(HIKHIOIO) TIONYIUIOCKOCTh M MMEET TaM KoHeusoe umcio mynei & (&), npuuem

& (&) smnsercs coberBennbiv 3nauenmem onepatopa L(0), Ttak uro Bepmsr

CJICYIOIINE paBeHCTBA
(X, &) =Cw(x,&), o(x&)=Cw(x¢&) k=12,...,N.
Onpenenenue 1. HaGop BEJIMYUH

a(g)’
oneparop L(0).

{I”(f) = b)) Z,Img >0, C., k=1, N} Ha3bIBACTCS JAHHBIMU PACCESIHUSA IS

KommonenTsl sapa K(x,y) B MNpeacTaBicHuH (8) A y > X  ABIAIOTCA
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pelIeHUSIMA CUCTEMbI HHTETpajIbHbIX ypaBHeHul [ enbdanna-JleBurana-MapueHko

K,(X,y)+ T K,(X,s)F(s+y)ds =0,
—K, (X, ¥)+F(x+Yy) +TK2(X,S)F(S + y)ds =0,

1 ' + i&x H o i&;x
T | (x) = - J‘ re(£)erde —i>C e 3aMeTHM, YTO BEKTOPHbIE (HYHKLIUU
e j=1

o ad L
h00 =(a(&) " gz (o~ Cw)... N=LN,
SIBISIOTCS PELICHISIME ypaBHEHHH L (0)h, = & h_ . Kpome toro, dynkunu hy (X) umeror
CJIETYFOIYI0 ACHMIITOTUKY

0 i& x 1 —i& x
h, N—Cn[l)e‘f“ opu X — —oo, hnw[oje 7 mpu X —> oo. ©)

Cornacho (9), mony4yaem cieayromiee paBeHCTBO
w {¢n’hn} = Pl — @0 =—C,, n=1,2,...,N. (10)
Teopema 1 ([2], §6.2). Jlanuble paccesnus omeparopa L mospossror
€JIMHCTBEHHBIM 00Pa30M BOCCTaHOBHTH orepatop L.
OGcysaenns U pesyabTarhl. [Tycts notennuan U(X,t) B cucreme ypasnenuit

{ Vi 06 €D +IEN (X ED = U DY, (X £ )
Vi (K, E,0 I8V, (66,0 = “u(x DY, (x,£,0)
ABJIACTCS PCIICHUEM YPABHCHUA

u, + P, (u(x,,t))(30uu, +10u’ +40uu,u_ +10u®u_ +u,, ) =G(xt), (12)

XXX

rae G(x,t) = —P,(u(x,,t))u, . Oneparopsr L(t) u
A= [an aﬂj (13)

a'21 a22

XXXXX

TIe
a,;, = Ry (U(X,, 1))(16i&° —8igu? +Bigu” + 4iguu,, — 2iguy), a,, = —F,U(X,,t)ay,
a, = P(U(X,,1))(—16&% —8i&lu, +8&%u° +4&%u  +12ifu’u, + 2i&u
—6u® —10u’u,, —10uu? —u,), (14)
a,, = P,(u(X,,1))(16&%U —8i&u, —8&%u® —4&%u, +12iLu’u, + 2ifu
+6u® +10u®u,, +10uu? +u,. ),
YIOBIETBOPSAIOT COOTHOMIEHHIO Jlakca

XXX

_ 4 _ 3
[L(t). Al = L()A— AL(t) =i 0 ) . R, (u(X,,t))(—30u”u, —10u,)
R, (u(X,,t))(—30u”u, —10u;) 0
. 0 —40uu,u,, —10u?u, —u
P t X XX XXX XXXXX A
P (0o, ))(—40uuxuxx —10u?u,, —u,,,, 0] ]
[ToaTromy ypaBHeHue (12) MOXKHO Mepenucarh B BUIC
L (t) +[L(). Al =R, (15)
e - [ 0 —G] Judpdepentmpys pasenctso L (t)p = £, ornocurensro t,
-G o)

NOJy4aeM L, (t)¢ + L(t)g, = Egp,, KOTOPOE COTIIACHO (15) MOXKHO MEpEnucaTh B BUJIE

(L® &) (o — Ap) =—iRp.

I/ICI'IOJ'IB3y$I MCTOJ Baprualy NOCTOSIHHBIX, MOJXHO 3aIlUCATh
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— Ap = B(X)y + D(X)g. (16)
Torna nns onpenenenus B(X) u D(X) nonyuaem
MB_ s + MD, ¢ = —Re, (17)

1yi (R :(1 Y j Hnst pemienust ypaBHeHus: (17) yaoOHO BBECTH CIEAYIOIIHE
0O -1

obosHaueHus & = (¢, )+ ¥ = (v, Wl)T- CornacHo onpezieNeHHI0 BpPOHCKHaHa,
BBINIOJTHAIOTCS CIIeIyIOIInE PaBEHCTBA:
Y Mp=—@p"My =a, ¢ My =9 Mep=0.

VYmHoxas (17) Ha (ﬁT u Yy T H0JIy4aeM

B, =a '@ Re, D, =-a v Re. (18)
Cornacho (13) u(14), npu X — —00 umeem
o A¢_>[16i§5Po(U(xo,t)) 0 }[1je_iéx _ (16i§5P0(u(x0,t))je_i§X,
0 —16i&°R, (u(X,,t)) 0

MOATOMY, UCXOs U3 (16), mosrydaem cliieyroriee paBeHCTBO
D(x) —» —16i£°P(U(X,,1)), B(X) -0, mpu X—>—oo.
CnenoBarenbHo, U3 (18) MOXKHO onpenenuThb

D(x)=-a* j " Repdx —16iE°P, (u(x,, 1)), B(x)=a j &' Rpdx.
Takum oOpa3om, paBeHCTBO (16) nMeeT cieayromuii Bu

—Ap=a’ [ ¢ Redx -y + [—a‘l [ " Rodx ~16i&°R, (u(x, ,t))}go. (19)
Cornacao (7), paBeHcTBO (19) MOXKHO oIepenucarth B CISAYIOMEM BHJIC
ay +by — A(@y +by)=a* j & Rodx -y + [—16i§5P0 (u(x,,t))—a? j v R(deJ (a7 + by).

[lepexons B mociieJHEM paBEHCTBE K Ipeneny npu X —» +00 u yuutsiBas (6), (13) u (14),
HoJy4aeM

a, =— [ ¥ Rpdx, b =a [ 3"Redx —ba™ [ 7 Redx — 32i£°R, (u(x,, t)b. (20)
Cnenosarensno, mpu IME =0 umeem

dr” .
dt = ° 0 0° _[ (01 +¢2 d (21)

Jlemma 1 Ecmu sextop-¢ynxumn (X, &,t) = ((¢ (X, &,t) ¢2(x,§,t)))T ,
w (X, &0 = (i (X,E1)  w,(X g,t))T SBISIFOTCS peteHneM ypasaenust (11), To ux

KOMITOHCHTBI YAOBJICTBOPAIOT CICAYIOINIUM pABCHCTBAM

[ G (07 + 92 ) dx = 2iER (U (x, D)AE DB(E, D), (22)

—o0

+0o0

[ G(pw,+ o, )dx=0 (23)
Jloka3aTebeTBO. /s ToKa3aTebCTBA JIEMMBI BBIYMCIUM CIIEAYIOIIAN UHTErpa,

UCIoNb3ys paBeHcTBa (6) u (7):

“+o0

[ G(p? + 2 )dx= —a<u<a,t))7ux(¢f + 3 )dx = —a(u(xl,t>)+f(¢f +¢@f )du =

—o0 —00 —o0
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2R,(u(x,1)) [ (upg] + ug,pl)dx = =R, (u(x, Hu(e +¢f) |12

+P,(u(x,0) [ u(@l +@2)dx = 2R, D) [ [(—¢; +i&p, )@l + (@] +iEp,) ¢ 1dx =

= 2iER,(U(x,.1) [ (p,)'dx = 2iER,(U(x, 1))a(g, Hb(E, 1)

AHaOrn4HbIM 00pa3oM J0Ka3bIBACTCS CHPABEAIUBOCTh TOXAECTBA (23).
B cuny (21) u (22) umeeM cnenyroliee paBeHCTBO
dri(&,t . . N
D - (—52i6R 0k, 1) ~ 2iER UK, D)) (£,
Tenepp Ha ocHoBaHuHM cooTHomeHud (20) wu (23) cHopaBeATMBO PaBEHCTBO
a, = 0.CoryacHo ~ ToOCNEHEMY  COOTHOIIEHHMIO  MOXKHO — MOJIYYUTh  CIEIYIOIIEE

COOTHOIICHHUEC

da® _g k=1N. (24)
dt

Muddeperimpys ypasuenne @, =C . mo t u yunrsBas coorHowenus (24),
MOJTy4aeM CJICTYIONIYIO (opMyITy

Op, _dC oy

=0, 4 C 20 (25)

ot dt " at

Amnanorugso ClIy4ar0 HEMPEPBIBHOTO CIICKTPA B CIyda€ NUCKPETHOI'O CIICKTpa IoJiydacm
CJICAYIOIICC PaBCHCTBO

op, — 1 ¢ a7 1 7o 25

F - A¢n - [_C_ _[ Dn R¢ndxj hn + [C_ J. hn R(Dndx _16|§n PO (U(Xo,t)) Dn s

KOTOpBIN siBisieTcst aHanmorom paseHcTBa (19). Cormacho (25), mocnemHee paBeHCTBO

MOXHO TI€pPEINrCcaTh B CISAYIOIIEM BUIE
dC,

n —oo n —oo

n

oy
+C,“Ltn_C =
"ot nAY,

1 7. 1 7. i
= (—C—n j o Rgondxj h, {C_n _j h' Rep, dx —16i£°P, (u(xo,t))Jan//n. (26)
Omnupasick Ha cooTHomeHus (6) 1 (11), MOXHO YCTAaHOBUTH CJIEAYIOINIEE TOXKIECTBO:
T@I Ro,dx = TG (¢ + @7, )dx = 0.

[lepexons B paBeHcTBE (26) K mpeaeny npu X —> +00, ¢ yuetoM (6), (9), (10), (13), (14) u
MOCJIeTHEE PAaBEHCTBO MOJTy4aeM CIICIyIOIIUEe COOTHOIICHHE

dd% = [—32i§f R (u(x. 1))+ [ hY andx]cn.
Takum 00pa3oM, Mbl IMEEM CJICAYIOIINAE TOXKIESCTBA

d;n = (—32@,}5 Py (u(X,,1)) — _[ G(hw,, + hnzwnz)dxjcn, A= N 27)

Jlemma 2. Ecnu BekTOp-(yHKIIUN

— l//nl(x! §n ’t) _ hnl(X! (:gn 7t)
Valoen ) = [wnz(x,én,t)j MOS0 = [hnz(x,én,t)]

SIBJISIFOTCS perieHusiMU ypaBHeHUs (11), TO ©X KOMIOHEHTBI YIOBIETBOPSIOT CIAEAYIOIIEMY
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paBCHCTBYZ
TGN & Wy (%, 0,8 + D (%, &, D, (X, £, D)X = 20, P (U0, D). (28)

Joka3ateabcrBo. Mcmonesys nemmy 1 u paeHctB (5), (9) BbeuucIUM
CIEAYIOLIMI UHTETpall:

[ G400 & W (6 £ D) + Py (%, £y DY (X, £, D)X
= CR U0 [ Uy (M (X, DY (K, 00 + Dy (X, £, O, (X, &5, D) X
= R U0 D) [ (N + P ) du = —RU, O (s + P )
+F’1(U(X1,t))if(uhéﬂ//nl +uhy )y +uhiy,, +uh g, )dx =
= —F1<u<x1.t>>Z((—w;2 FAEW )+ (—hiy +1E P2 )yl )X —
RO [ (W +iE07) + Wi + i h, )

=i& R U0 [ (hy,, +h,p, )dx=2i& RUx,t)).

3Hauut, cornacHo (27) u (28), umeem

ddin = —(32IE5R, (U (%, 1)) + 2i&, P, (U (X, 1)) )C, (V).

Takum oOpa3zoM, HAaMU J0Ka3aHa CIAEAYIOIas Teopema.
Teopema 2. Ecnu QyHkuus U(X,'[) aBisieTcs: pemeHueM 3anauu (1)-(4), To

JaHHBIE DPacCesHUA omepaTopa | (t) € NOTEHUMANIOM u(X,t) MEHAITCI IO t
CJIeIYIOIIUM 00pa3oMm:

%:o, n=1,N,
dt

(32i£°R, (U(Xp, 1)) + 2R (U(X, 1)) r (&), Im& =0,

T2 (—32i7R, (U0, 1) — 206, R (04, 1)) C, ().

[Tosry4eHHBIe paBEeHCTBA MOJHOCTHIO ONPEICIISIFOT YBOIIOLUIO TAHHBIX PacCesHUs,
4YTO MO3BOJIAACT NPUMCHUTL MCTOI OGpaTHOﬁ 3a/laun pacCCCaHUud IJId PCHICHUA 3aaadyu
Kommu (1)-(4).

3aka04yennsi. Hacrosimee vcceoBanme MOCBAIICHO aHANN3Y 3aqaun Komw ast
Harpy»xeHHOro MouduIrpoBaHHoro ypaBueHus Kopresera-ne ®pusa nsartoro nopsaka B
Kjacce OpicTpoyObIBatommx (yHkuui. IlomydenHsle pe3ynbTaThl 007a1al0T MIMPOKOM
00JIaCThIO TIPUMEHEHHS: OHU MOTYT OBITh MCIIOJIB30BaHbI JUIS YIITYOJICHHSI HCCIICOBAHUI
B TEOPHU COJIMTOHOB, aHAJIN3a BOJIHOBBIX MPOLECCOB HA MEJIKOBOJBE, MOJCIUPOBAHMS
HEJIMHEHHON NTUHAMHKH BOJH B ONTHYECKUX BOJOKHAX M APYTUX 3aa4yax, CBSI3aHHBIX C
pacIpOCTpaHCHHEM  CIOXHBIX ~ BO3MYIIEHHH. OTO  OOYCIOBIEHO  TEM,  4TO
MoaubuuupoBanHoe ypaBHenue KoprteBera-ne ®Dpusa CIOyXUT YHHBEpCAIbHOU
MaTeMaTHYeCKOW MOJIETIbIO, IO3BOJIIONICH ONMUCHIBATh Pa3HOOOpa3HbIE HEIMHEIHbIE
SIBJICHHS B (DM3UKE, MH)XCHEPUU M CMEKHBIX HAYYHBIX JAUCIHUILTHHAX, BKIIOYAs [TPOLIECCHI
C ICPEMCHHBIMU IMapaMCTpaMu U CUHTYJIAPHBIMU B3aI/IMOI[eI>'ICTBH$IMH.

dri(.t _
dt
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AHHOTauus. B naHHO# cTarhe MOAPOOHO paccMaTpUBAIOTCS PE3YJbTaThl Makpo- U
MHUKPOCTPYKTYPHBIX ~HCCIEIOBAaHMH HCXOIHBIX 3aroTOBOK, a Takxke IHoiy(adpukaTos,
MOJMYYEeHHBIX 10 pa3IHYHbIM TeXHoJormueckuM cxemaMm. (Oco0oe BHUMAaHHE YyHAEIAeTCs
CPaBHEHHIO CTPYKTYPHBIX XapaKTEPUCTHK MATEPUAJIOB B 3aBUCMMOCTHU OT YCJIOBHH UX MOJY4YEHUS
u oOpabotku. OOpasupl AJsI MUKPOCTPYKTYPHOTO aHajiM3a W3rOTaBIUBAIUCH MO CTaHAAapTHOU
METOJMKE, YTO TIO3BOJHIO OOECIeYnTh JOCTOBEPHOCTh W BOCIIPOM3BOJMMOCTH MOJIY4YEHHBIX
JaHHBIX. B mpouecce aHamm3a MUKPOCTPYKTYPBI HCCIEAOBAINCH TaKWE BaXKHBIE MapaMeETPhl, Kak
O/THOPOJHOCTD Pa3MepoB 3€pPeH, WX BBITSIHYTOCTh M OPHEHTAIHs, CTENeHb TEKCTypOBAaHHOCTH
Mmarepuana. Kpome Toro, (UKCHpOBaIOCH HaIMYHE MNOCTOPOHHMUX BKJIIOYCHUH, MHUKPONOP U
MUKPOTpPEIIMH, OKa3bIBAIOIIMX CYIIECTBEHHOE BIMSHHE Ha OSKCIUTyaTallMOHHBIE CBOWCTBa
3aroToBOK M noiygalbpukaros. [lodydeHHble pe3yabTaThl MO3BOJISIIOT CAENAaTh BBIBOA O BIMSAHUH
TEXHOJIOTHYECKUX PEXUMOB Ha (POPMUPOBAHUE CTPYKTYpPhI MaTepHuaa, a Tak)ke 000CHOBATh MyTH
JaTbHEHIIEro COBEPIICHCTBOBAHUS IPOU3BOACTBEHHOTO MPOLIECcCa C IIETIbI0 TTOBBILICHHUS KauecTBa
Y HaJIe)KHOCTH T'OTOBOM MPOIYKIIHH.

Kirouesble cioBa: mnonydaOpukaT, TeMIUIET, WAEHTOP, MHKPOTBEPAOCTH, INPYTOK,
anMasHas nupamuia, CTpYKTypa, neopmariisi, ”HCTpYMEHTHI.

QIYIN ERIYDIGAN METALLAR MEXANIK XOSSALARI VA
STRUKTURASINI TAHLIL QILISH USULLARI

Annotatsiya. Ushbu magolada dastlabki namunalar hamda turli texnologik sxemalar
asosida olingan yarim tayyor mahsulotlarning makro va mikrostrukturaviy tadgiqotlari natijalari
batafsil yoritilgan. Asosiy e’tibor materiallarning olinishi va gayta ishlanishi sharoitlariga garab
ularning struktura xususiyatlarini tagqoslashga garatilgan. Mikrotuzilma tahlili uchun namunalar
standart metodika asosida tayyorlangan bo‘lib, bu olingan ma’lumotlarning ishonchliligi va qayta
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ishlab chigilish imkoniyatini ta’minladi. Tahlil jarayonida donlarning o‘lcham jihatidan bir xilligi,
ularning cho‘zilganlik darajasi va yo‘nalishi, materialning teksturalanish darajasi kabi muhim
ko‘rsatkichlar o‘rganildi. Shuningdek, aralashmalar, mikrog‘ovaklar va mikroyoriglar mavjudligi
ham qayd etildi, chunki ular zagotovka va yarim tayyor mahsulotlarning ekspluatatsion
xususiyatlariga sezilarli ta’sir ko‘rsatadi. Tadqiqot natijalari texnologik rejimlarning material
tuzilishiga ta’sirini aniqlash, shuningdek, tayyor mahsulot sifatini va ishonchliligini oshirish
magqsadida ishlab chiqarish jarayonini takomillashtirish yo‘llarini asoslash imkonini berdi.

Kalit so‘zlar: yarim tayyor mahsulot, shablon, uchlik, mikroqattiglik, g‘o‘lacha, olmos
piramidasi, struktura, deformatsiya, ashoblar.

BBenenue. Makpo U MUKPOCTPYKTYpHBIE HUCCIIEIOBAHUS MCXOJHBIX 3arOTOBOK, a
TaKke moryaOpruKaToOB MO BCEM TEXHOJIOTHYECKUM cxeMaM (puc. 2.4) [1] mpoBoauau mo
o0bryHON MeTonuke [1.2]. OOpa3sipl A8 MHUKPOCTPYKTYPHOTO aHajiu3a H3TOTOBIISIIN
CIIEIyIOIIMM 00pa30M: BBIPE3aHHbIE TEMIUIEThl MOJABEPTalid MEXaHHMYeCKOM HUIH(OBKE,
UCIOJIb3YSl CYCIIEH3MIO M3 MEJIKOJUCIIEPCHON OKHCH AJIOMUHHS B IIEJIOYHOM pacTBOpE
KpacHOM KpOBSIHOW COJIM, 3aT€M MPOBOJAWIM 3JIEKTPONOJUPOBKY B KOHLEHTPUPOBAHHOM
pacTBOpe CEpHON KUCIOTHI B T€UEHUE 3 MUH. M TPaBJICHUE.

[TpocmoTp mmmdoB u GorockeMKy mpoBoAMIH Ha MUKpockorne «MUM-8M» npu
yBesmmuenuu B 200 u 300 pas.

B xoxe ananuza MHKpPOCTPYKTYpBI OLIEHHBAJM €€ OJHOPOJHOCTb Pa3MEPOB H
BBITSIHYTOCTb 3€PEH, TEKCTYPOBAHHOCTb, HATMUNE MIPUMECEH, MUKPOTIOP ¥ MUKPOTPELIHH.

Metoabl. M3MepeHrie MUKPOTBEPIOCTU CTPYKTYPHBIX COCTABIIAIOIIUX MOJUOEHA
U HuoOus B pabote nposoamiock Ha npudope IIMT-3 npu narpyske 100 r mo 'OCTy
9450-60 [2.3]. UnenTopom ciy:kuiia ajaMmasHas MHpaMHUAa C KBaJIpaTHBIM OCHOBAaHUEM
NpaBUIbHOM  YeTBIpEXTpaHHON  (GOpMBI ¢  YIJIOM  TPH  BEPUIMHE  MEXAY
MPOTUBOMOJIOXKHBIMA TpaHsIMU nupaMmuibl. [Ipy uUCOBITAHHAX HAa MUKPOTBEPIOCTD
MOBEPXHOCTh AJIMAa3HON MHUPaMHBI U UCTBITYeMasi IIOBEPXHOCTh 00pasla JOKHBI OBITh
CYXUMH.

[locne BnaBnuBaHus uaeHropa (puc. 1) mox yka3aHHOM Harpy3koid B YHCTYIO
IUIOCKYIO TIOBEPXHOCTh HAa HEH OCTaeTCsl MaJeHbKUN KBaJpaTHbIM oTneuaTok. M3mepus ¢
MTOMOIIBI0 MUKPOCKOTIA ee quaronanu di u d, Haxoauimm cpenHee apupMeTuyeckoe ux:

d- d, +d, )
5
Bennuuna tBepaoctu HM mpencrasnsieT co0oif yacTHOE OT JI€TICHUsT Harpy3kd Ha
YCIIOBHYIO ILJIONIA/ (b OOKOBOM MOBEPXHOCTH MOJIyYEHHOTO OTIeYaTKa

P d 2 d 2
F . H =" F = = :
MR O T T o GnesY 1854
H = _1,8d524P Kr/MM? 2)

rne: P - marpyska Ha mupamuny, kr; d - cpeaHee apupMeTHYECKOe UITMHBI O0enX
JUaroHajel OTIeyaTKa Iocje CHATHS Harpy3KH.

[Ipy ucnblTaHUM Ha MHMKPOTBEPIOCTb BEIMYMHY HAarpy3Kd BBIOMpPAIM TaKUM
o0pa3oM, 4yTOOB! AMAroHallb OTIIEYaTKa ObUla HE MeHee ueM B 1,5 pa3a MeHbIle TONIIUH
UCCIIEIyeMOTO MaTepHaja; TyOuHa OTHedaTka JOJDKHA OBITh MEHbBINE TOJIIUHBI
UCIBITYEMOI0 MaTepuasa He MeHee 4eM B 10 pas.

[IpogomKUTEN HOCTD BBIIEPKKH 110 HArPY3KOW cocTaBuia 6 cek.

MexaHnuueckue CBOMCTBA HCXOAHBIX 3arOTOBOK M IPYTKOB, IOJIYYEHHBIX
MPECCOBaHUEM, MIPOJIOIBLHON MPOKATKOW, POTAlMOHHOW M PaAuaibHOM KOBKOM OLEHUBAIU
0 MMOKa3aTessIM IIacTHIHOCTH (6%, (%) U MPOYHOCTHBIM XapaKTePUCTUKAM (Gb, 60,2).

Mexannueckue ucnbiTanust Ha pactskenue ('OCT 1497-73) nunusHapuyueckux
00pa31oB NPOBOJWIN Ha BAKyyMHOH pa3pbIBHOM MalllMHE, COCTOSILEH U3 UCTIBITATEIbHOM
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CHCTEMBl, BAaKyyMHOH CHCTEMBI, HarpeBaTeIbHOIO YCTPOWCTBA M H3MEPHUTEIHHOM
cucteMsbl /14/. Cxema yCTaHOBKHM IIPUBEJIEHA HA PHC. 2.

VYcTaHOBKa COCTOMT U3 HCHBITATENbHOM MaIlWHBI, BAKYyMHOH KaMmepsl,
BKJIIOYAIOIIEH BaKyyMHYIO, HarpeBaTEIbHYIO M CHUJIOU3MEPUTENbHYI0 CUCTEMBbI, a TaKKe
npUOOPHI TS PEryIUpOBaHMs U KOHTPOJISI TEMIIEPaTyphl, yJIbT YIPABICHUS YCTAHOBKH.

PesyabTaThl  ucciaenoBaHusi. VcmpiTarenpHas — MamMHAa — 00€CIICYHBAET:
COXpaHEHHE TEepPMETUYHOCTH BCEX CHCTEM IpU TMEpPEeMENICHUSIX 3aXBAaTOB MAIIHHBL;
[IEHTpUpPOBaHUEe oOpasma OJyaromapss HaTUYHIO CHIb()OHA W PaBHOMEPHBIM HATrpPEB IO
CeUEHHUIO W JJMHE Ojarojmaps palUOHAIbHOM yCTaHOBKE HarpeBatessl W3 JIMCTOBOTO
TaHTala B Kamepe. Temmeparypa oOpa3la KOHTPOJUPYETCs BOJIbGPaMpEHUEBOM
TEpMOIIAPOM.

HarpyxeHne npoucXoIuT yepe3 PEeIyKTOp U UYEpBSUYHYIO Iepeaady, CKOpPOCTb
ne(GpOopMHUPOBAaHUS MOXKHO PErynupoBath B mpenenax 0,1-2 Mmm/MuH.

Jlns oxyakaeHus YCTaHOBKM M Y3JIOB HarpeBaTels MNpeAyCcMOTpeHa HapyKHas
BOJsIHAas pyOalika, 4To oOecreurnBaeT TeMIlepaTypy Ha HapyXHOM Kopiyce He Ooiee
35°C.

HcnpiTannio Ha pacTsHKEHHE TMOJBEprajd oO0pas3lbl M3 BaKyyMILIaBICHHBIX
MonuOJeHa W HHUOOWS, CIEUYEHHOTO MOPOIIKOBOTO MOJHOJIEHA TMpU  Pa3IUUHBIX
TeMIepaTypax B ycloBusx Bakyyma 1.10 MITa.

/@{]\\k
g

Puc - 1. Cxema ucnpITaHHS HA
MHMKPOTBEPIOCTb.
1l-anma3Has nupaMuaa, 2-00beKT

Puc - 2. Cxema ycTaHOBKH JJIs1
HCIBITAHUS 00Pa3I0B HA
pacTsi>KeHHe B BAKyyMa.

HCNIBITAHUSA.

1-o6pa3en A5t MEXaHMYECKUX

HCNBITAHUI HA PaCTSKeHU, 2-

CYXapuKH, 3-KyJauKH, 4-TATH,
5-HarpeBareiib.

IToka3zarens HAIIPAXKCHHOI'O COCTOAHHA MaTCpUaia Ko OIIpCACIIAIIN KaK CpCaHCEC

3HayeHue [3.4]:

5
K = ﬂj;dA ®)
s 1 ., 3d
nech: —=—=-(l+>-—
fech: ﬁ( 4R)

R - papnyc 3akpyrienus obpasua no meiike d nmocie paspymeHus.

B cBs3u ¢ pa3dpocoM 3KCIIEPUMEHTAIbHBIX JAHHBIX MEXAHUYECKUX UCIBITAHUN U
OIpelleIeHHbIX Ha MX OcHOBe JI, u Kxx Maremarndyeckyro oOpaOOTKy pe3yiabTaToB
IIPOBOAMJIM IO METOly HAaMMEHBIINX KBaJpaToB [4.5].

rJIe:

e ————————————
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BoiBoabl. [[ns cpaBHuTEnpHOro aHanu3a 3(Q(EKTUBHOCTH CYUIECTBYIOIUX U
Ipe/jaraéMbpIX TEXHOJOTMUECKHX CXEM IPOU3BOJCTBA MPYTKOB MAaloOro guameTpa u
OLIEHKM HX KauecTBa NPOBEIECHBI MAaKpO M MHUKPOCTPYKTYPHBIE HCCIENOBAaHUSA, a TaKKe
UCIIOJIb30BaHbl PA3JIMYHbIE METOABI HUCCIEAOBAHUS MEXAHWYECKMX U TEXHOJOIMYECKHX
CBOWCTB.
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Annotatsiya. Ushbu maqolada g‘ovak mubhitlarda bir qatlamli va ko‘p qatlamli gazning
nostatsionar filtratsiya jarayonlari matematik modellar asosida o‘rganilgan hamda hisoblash
algoritmlari ishlab chiqilgan. Gaz sanoatining rivojlanishi va gaz konlarini samarali o‘zlashtirishda
matematik modellashtirish muhim ahamiyat kasb etib, real tajribalarni o‘tkazishga sarflanadigan
vaqt va mablag‘ni sezilarli darajada qisqartiradi. Tadqiqotda gaz va neft konlarining asosiy
parametrlarini aniglash, gatlamlarning filtratsion xossalarini baholash, shuningdek, bosim
tagsimotini tahlil qilish uchun chekli ayirmalar usuli, kvazichizigli va iteratsion usullar
go‘llanilgan. Kompyuter modellashtirish asosida turli konfiguratsiyadagi rezervuarlar uchun 2D va
3D grafik ko‘rinishdagi natijalar olingan. O‘tkazilgan hisoblash tajribalari g‘ovak muhitlarda gaz
oqimini chuqur o‘rganish, konlarni samarali boshqarish va prognozlashda amaliy ahamiyat kasb
etishi bilan dolzarbdir.
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Kalit so‘zlar: Matematik model, algoritm, dastur, sonli usullar, ko‘p qatlamli, qatlam,
chekli ayirmalar usuli.

SOLVING PROBLEMS AND ANALYZING ALGORITHMS OF GAS AND OIL
FILTERING PROCESSES IN POROUS ENVIRONMENTS

Abstract. This article investigates the nonstationary filtration processes of single-layer and
multilayer gas in porous media based on mathematical modeling, and develops corresponding
computational algorithms. In the development of the gas industry and the efficient exploitation of
gas fields, mathematical modeling plays a crucial role, as it significantly reduces the time and costs
required for real experimental studies. The research focuses on determining the main parameters of
gas and oil reservoirs, evaluating the filtration properties of layers, as well as analyzing pressure
distribution by applying the finite difference method, quasi-linear approaches, and iterative
techniques. Using computer simulation, two-dimensional and three-dimensional graphical results
were obtained for reservoirs with various configurations. The conducted numerical experiments
provide deeper insights into gas flow in porous media and have practical significance for the
efficient management, design, and forecasting of gas field development.

Keywords: Mathematical model, algorithm, program, numerical methods, multilayer,
dynamic communication, weakly conductive layer, finite difference method.

Kirish. Hozirgi kunda gaz sanoati xalq xo‘jaligining muhim tarmoqlaridan biri
bo‘lib, tabiiy yonuvchi gazlar sanoat va kundalik hayotda keng qo‘llaniladi. Mamlakatning
yoqilg‘i balansida tabiily gazning ulushi tobora ortib bormoqda. Gazdan foydalanish
texnologik jarayonlarning samaradorligini oshirish, mehnat unumdorligini yuksaltirish va
moddiy ishlab chiqarish sohasida resurslardan samarali foydalanishni ta’minlashda muhim
omil hisoblanadi. Gaz konlarini o‘zlashtirish va ulardan ogilona foydalanish murakkab
filtratsion jarayon bo‘lib, uni real vaqtda tadqiq qilish juda katta mablag® va vaqt talab
giladi. Shu sababdan ushbu jarayonni matematik va sonli modellar asosida tadqiqg gilish,
kompyuterli modellashtirish va dasturiy mahsulotlar ishlab chigib ilmiy tadqgiq gilish
dolzarb masalalardan biri hisoblanadi.

G‘ovak muhitda gazning filtratsiya jarayoni, gaz parametrlarining turli qiymatlari
hamda filtratsiya maydonining turli konfiguratsiyalari uchun kompyuterda bir qator
hisoblash tajribalari olib borilmogda "Ikkita o‘zaro dinamik bog‘langan gaz va neft
konlaridagi gatlam tizimi uchun matematik model hamda uni echish usullari adabiyotlarda
batafsil yoritilgan bo‘lib, ushbu maqolada keng foydalanilgan. Maqolada oddiy
differensial tenglamalar tizimlari uchun Koshi masalalarini echishning chegaraviy
masalalari, shuningdek, elliptik tipdagi tenglamalar sistemalari, parabolik va giperbolik
tipdagi tenglamalar uchun boshlang‘ich va chegara shartlari bilan masalalarni echish,
hamda elliptik tipdagi operatorlar uchun o‘zaro qiymat masalalari ko‘rib chiqilgan [1].

Magqolada ko‘rib chiqgilayotgan har bir masalada yuzaga keladigan klassik
tenglamalarni echishning raqgamli usullarini qurishni ko‘rsatish, asosiy g‘oyalar va
tushunchalarni berish, shuningdek, amaliyotda yuzaga keladigan muammolarni hal gilish
uchun zarur bo‘lgan ba’zi tadqiqot ko‘nikmalarini berishdir. Monografiyada
algoritmlarning konstruksiyalari va ayrim tadgiqotlari bayon etilgan, sonli usullarni
qo‘llash shartlari shakllantirilgan va ularga qisqacha tavsif berilgan. Ammo matematik
modelni qurish shartlarini (dastlabki ma’lumotlarni spetsifikatsiya xatosi, muammo
echimlarining mavjudligi va o‘ziga xosligi va boshqalar) hisobga olmasdan hal qilish
usullari haqida gapirish mumkin emas. Shu bilan birga, masalaning har bir mashina echimi
matematik yoki fizik model tenglamalarining echimi emas, shuning uchun kitobda
mashinalarda olingan hisoblash natijalarini tahlil qilishning ba’zi masalalari ko‘rib
chiqilgan va echimning to‘g‘riligini tekshirish bo‘yicha ba’zi tavsiyalar berilgan.[2]

Magqolada mahsuldor gatlamlardan gaz qazib olishni ko‘paytirish va tadqiqot
obyektining asosiy ko‘rsatkichlarini anigqlash magqsadida gaz konlarini o‘zlashtirishning
dolzarb muammosi ko‘rib chiqilgan. Sust o‘tkazuvchan qatlamlarga ega bo‘lgan bir jinsli
bo‘lmagan uch qatlamli g‘ovak muhitda gaz filtratsiyasi jarayonining matematik modeli
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va ularning dinamik aloqgasi ko‘rib o‘tilgan. Ushbu murakkab jarayonni sonli
modellashtirishda chekli ayirmalar usuli, kvazichizigli usul va iteratsion usullardan
foydalanilgan[4].

Tadqgigot metodologiyasi. G‘ovakli muhitda statsionar bo‘lmagan gazni filtrlash
jarayonining matematik modeli parabolik tipdagi chizigli bo'lmagan differensial
tenglamalar bilan tavsiflanadi va quyidagi chegaraviy masalada yoziladi.

i(k(x, y)h(x,y) 8P2j+ﬁ[k(x’ y)h(x.y) al32}:2&mh(x, y)E—Q 1)
ox yr ox ) oy H oy ot
npu (x,y)€G, @
P(xY)=Ri(xy) npu1=0, (x.y)G ©
_k(x’y?uh(x’y) ap(;(;y’t):a(PA_P) npu (x,y)er, ()
¢ k(x, y?uh(x,y) PP %ds=—qiq (t) npu (x,v)es, . iy =1 2. (5)
q Bu yerda: "

P, — atmosfera bosimi; P — gatlamdagi bosim; x — gaz qovushqgoqligi; m— gatlam

govushqoglik koeffitsenti; a— gaz to‘yinganligi; 6 — Dirak delta funksiyasi.
(1)- masalani sonli yechish uchun avval quyidagi formulalar yordamida o‘lchamsiz
o‘zgaruvchilarga o‘tkazilgan:

* X * k. * h. * P. Pkt .
X =—; k=—; h =—; =—; =22
L K h P 2aul

X X X

Bunda k,, h, P, mos ravishda qatlam o‘tkazuvchanligi, quvvati va bosimning
ma’lum kattalikdagi giymatlari. L —qatlam uzunligi.
U holda (1)-(4) masalani o‘lchamsiz ko‘rinishda yozish mumkin. "*" ni qoldirib, uni
quyidagicha yoziladi:

2 (0] 2 (0 ) 02 ()G, @

P(x,y.t,)=P, (X y) nput=0, (x,y)eG, 7)
_k(x,y)h(x,y)w:a(a_p)npu (x.y)el, ®)
gﬁSiqk(x,y)h(x,y)P%ds=—qiq () npu (x,v)es, iy=L2.. 9)

(6)-(9) masala nochizigli differensial tenglama yordamida tasvirlanganligi sababli uni
yechish uchun chekli ayirma usulidan foydalaniladi.

Differensial muammodan G+T" filtrlashning farq domeniga o‘tish uchun uni
quyidagi tarzda tuzilgan tarmoq domeni bilan bog‘lanadi:

QXka :{(Xi:iAhx, ijjAhy, Z'k:k Az’), |:1’_Nl’ j:].,Mi, k:O,N,,ATZNi},

Bu yerda
N, — Y; o’gidagi tugunlar soni; M, — X; 0’qidagi tugunlar soni;
Ah,, Ah, - gadamlar soni.

Keyin tenglamalar sohasida gisman differentsial tenglama (6) uchun ishlatiladigan
va filtrlash jarayonini tavsiflovchi x o'zgaruvchisiga nisbatan o'zgaruvchan yo'nalishlar
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sxemasi 7+0.5 vaqt bosgichi uchun quyidagi farq munosabati bilan almashtirilishi
mumkin:

P —P. TP —(T

N ij i—0.5,j" i i—0.5,j +Ti+0.5,j)|:_)ii +T|+05 JF)HZIJ n
At/2 Ah?
52 2 g} (10)
T icosP . — (T j0s +T, j+05)P + T iv0sP .
+ ARZ —0,,iG ;-
y
Bu yerda
Ki 053N os Kivos,Mhros,)
—0.5,j"i—-0.5,] i+0.5,j " i+0.5,]
Ti—0-5.j = . Ti+0.5,j = .
yZ yz
ki H h‘ H k- - h. -
- ,j—0.5"7,j-0.5 - i,j+0.5"%, j+0.5
Ti,j—0.5 - L ' Ti,j+0.5 - )

y7;
Ko‘rinib turibdiki, bosim funksiyasiga nisbatan hosil bo'lgan farq tenglamalari chizigli

emas. Shuning uchun yechim uchun nochizigli atamalarni kvazichizigli usuliga asoslangan
iterativ usul [5.98] qo‘llaniladi. Bu usulga ko‘ra (9) farq tenglamasining chiziqli
bo‘lmagan hadlari quyidagi ko‘rinishda ifodalangan:

~ = = 5W(|5) 11
v (P)=y (P)+(P—P)——1 (11)
P - bosim funksiyanining tagribiy giymati.
P? ~ 2PP — P? bu foymuladan foydalanib quydagi ifoda yoziladi:
- Ahz _
2T, os;P P, —{2(Ti_0.51. +Tios; ) Py = /Z}P +2T....P. P

i+0.5) " i+1j " i+1]j =
T

:[Tu OSJPElJ (Ti—O.Sj +Ti+0-51')|52 +T P2 :|

ij i+0.5j " i+1j

Ah? X A AR
Ahy [T” 05P|12—1 (Tij—O.S +Tij+0_5) Pijz +T. . ,.P? ]_ X

ij+0.5" ij+1 Ar/?2 Pij _é‘i,jqi,j'
Bunda,
P L F’,J,PI+1J r+0.5- vaqt gatlamidagi bosim funksiyasining giymatlari;
Pi-1j, Pi.j, P - bosim funktsiyasining taqribiy qiymatlari;
P.,,P

AETLAT Pi,jﬂ- I - vaqt gqatlamidagi bosim funksiyasining giymatlari.

Bu yerdan r+0.5 -vaqt gatlami uchun quyidagi uch nugtali farq tenglamalari
olingan:

(3y —2AhLa) PR, .+47/|31’j —7|521j =2Ah aLP,,
aP,,-bP,+cP, ,=—d npu i=12,..,N,-1

(3y —2Ah, L) P,\,j’j +47/|5Nj_1’j —yISNj_Z’j =—-2Ah alP,;

2
Ah e oL P

A'Z'/Z i+0.5,j " i+1,j?

(12)

Buyerda a, = 2T, ., ;P ;.

Ah? < ~
i_AT/ZPi,j_[TIOSJplzlj (Ti—o.s,j+Ti+0.5,j)Pi2,j+T|+051P2 :|

i+,

b =a +c —

_|:Ti.j—05PI211 (Ti,j—0.5+Ti,j+0.5)|Si2j T.J+05P2 ] o, i -

i,j+1
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Xuddi shunday, gisman differensial tenglama Yy (2.21) uchun o'zgaruvchan

yo'nalish sxemasidan foydalanib, biz r +1- vaqt gatlami uchun quyidagi uch nugtali farg
tenglamasini olingan:

(3y —2AhaL )R, +4yR,—yP,=2AhalLP,,
a.P.. bP +c.P ——d npu j=12,....M,—1, (13)

juoi gL T

(3r— 2Ah aL)P,MI—i—4 w1 — VP, =—2Ah aLP,,

. Ah? .
rne aj :2Ti,j—0.5Pi,j—1’ bj = aj +Ci o AT/Z’ Cj = 2Ti,j+1Pi,j+1’
Ahz 35 2 2 52
CIj AT/ 2 PI] |:Ti,j—05P| j-1 (Ti,j—O.S +Ti,j+0.5) P +T| j+05PI j+l]
—2 —2 —2
_|:-|'i_0.5‘j Piaj _(Ti—O.S,j +Ti+0.5’j ) Pij +Ti+0.5,j P i+1,j:|—5i’jqi’j.

-1
max| R —R ™ I<e, (14)

Bu ¢ — iteratsiyaning anigligi, oldindan belgilangan kichik giymat; s — iteratsiya ragami.

Natijalar va muhokamalar. Neft konlarining asosiy ko'rsatkichlarini o'rganish va
aniglash va kompyuterda hisoblash tajribasini o'tkazish uchun quyidagi dastlabki
ma'lumotlardan foydalaniladi:

. gatlam uzunligi L =10000m ;

e qatlam qgalinligi h =20m;

e rezervuarning dastlabki bosimi B, =300atm;

e gatlamning o'tkazuvchanligi k = 0.05 Darsi ;

e gatlamning elastik sigimi 8 =2.3-10"° sm” / kgs ;

e neftning yopishqogligi £z=4 va 8sPz.

2.1-2.6-rasmlarda turli xil neft konlari filtrlash zonalari konfiguratsiyasi uchun
hisoblash natijalari ko'rsatilgan. Hisoblash natijalari kontur chizmasi, 3D chizmasi,
rezervuar bosimini tagsimlash profili va vaqgt o'tishi bilan alohida quduglardagi bosimning
pasayishi sifatida taqdim etiladi. 2.1-rasmda neft konini o'zlashtirishning uch yillik davri

uchun markaziy qudugning dumaloq filtrlash maydoni uchun hisoblash natijalari grafik
ko'rinishda ko'rsatilgan.

- 1.0 -0.99 MageHHe JABNEHWA HA CKEAMMWHEX
- 0.99-0.98 po7 o
- 0.98-0.96 0,961 o
0,954 -
- 0.96-0.94 NS
- 0.94-0.92
- 0.92-0.90
- 0.90-0.88 MpodunK pacnpefeneHns A3ENSHNA B CEUSH)
- 0.90-0.88 LD e
0,954 ::2
0= 0,944+

1-rasm. Atmosfera bosimni hisoblash natijalari g =300m?/ sut
Ekranning chap tomonida tegishli bosim shkalasi bilan hisoblash sohasidagi
izobarlar ko'rsatiladi. Yugori o'ng burchakda vaqt o'tishi bilan qudug bosimining o'zgarishi
grafigi ko'rsatilgan. Pastki o'ng burchakda kesmadagi bosim o'zgarishi grafigi ko'rsatilgan.
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MageHne gaBneHna HA CKBaMMHEX

n eneHnua NaBneHWa B CedyeHk

2-rasm. Olingan kvadrat maydon uchun hisoblash natijalari

Xulosa. Matematik model asosida algoritm va hisoblash dasturi ishlab chigilib,
uning yordamida neft va gazni g‘ovak muhitda filtrlash jarayonlarini o‘rganish uchun
kompyuterda bir qator hisoblash tajribalari o‘tkazilgan. Kompyuter modellashtirish va
hisoblash tajribalarining o‘tkazilishi qatlam parametrlarining har xil parametrlarida g‘ovak
muhitda ko‘p gatlamli gaz konlarini o‘zlashtirishda uning asosiy ko‘rsatkichlarini
aniglashga imkon beradi.
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Annotatsiya. Maqgolada 2,3-trimetilen-3,4-digidroxinazolin molekulasining protonlangan
holati (TMX-H*) atomlari uchun AM1-BCC, Gasteiger va RESP2(0.5) zaryad tagsimotlarini
qo‘llagan holda atsetilxolinesteraza—TMX-H* kompleksining molekulyar dinamik (MD)
modellashtirish natijalari keltirildi. MD modellashtirish ishlari Gromacs-2023 dasturida
AMBER99SB-ILDN kuch maydonlari usulini qo‘llagan holda amalga oshirildi. TMX-H*
molekulasi uchun uch xil topologiya fayllari ACPYPE dasturida uch xil zaryad tagsimotlarini
kiritgan holda hisoblab topildi. Ushbu MD izlanishlar natijalari AXE-TMX-H* kompleksi o‘rtacha
kvadratik og‘ish (RMSD) grafigi orqali baholanib, ion (kation) holatdagi birikmalarni MD
modellashtirish ishlarida AM1-BCC va RESP2(0.5) zaryad tagsimotlariga nisbatan Gasteiger
zaryad tagsimotini qo‘llash maqgsadga muvofiq ekanligi ko‘rsatildi. Shuningdek, modellashtirish
davomida ligand ogsil faol markazida ayrim aminokislota qoldiqlari bilan n—= ta’sirlashishlarni
yuzaga keltirishi aniglandi.

Kalit so‘zlar: AM1-BCC, ACPYPE, AMBER99SB-ILDN, AXE, Gromacs-2023,
MultiwFN, ORCA-6, RESP2, 2,3-trimetilen-3,4-digidroxinazolin.

MOLECULAR DYNAMIC MODELING OF THE PROTONATED STATE OF
2,3-TRIMETHYLENE-3,4-DIHYDROQUINAZOLINE WITH THE AXE ENZYME

Abstract.The article presents the results of molecular dynamics (MD) modeling of the
acetylcholinesterase—"TMX-H* complex using the AM1-BCC, Gasteiger, and RESP2(0.5) charge
distributions for the atoms of protonated form of the 2,3-trimethylene-3,4-dihydroquinazoline
(TMX-H*) molecule. MD modeling was conducted using the AMBER99SB-ILDN force field
approach within the Gromacs-2023 software. Three different topology files for the TMX-H*
molecule were generated in the ACPYPE program. The results of these MD studies were
evaluated through the root mean square deviation (RMSD) plot of the AXE-TMX-H* complex,
demonstrating that the Gasteiger charge distribution is more suitable compared to the AM1-BCC
and RESP2(0.5) charge distributions for MD modeling of compounds in the ionic (cationic) state.
Additionally, during modeling, it was found that the ligand forms n—n interactions with specific
amino acid residues in the active site of the protein.

Keywords: AM1-BCC, ACPYPE, AMBER99SB-ILDN, AChE, Gromacs-2023,
MultiwFN, ORCA-6, RESP2, 2,3-trimethylene-3,4-dihydroquinazoline.

Kirish. Ma’lumki, 2,3-trimetilen-3,4-digidroxinazolin (TMX) Peganum harmala
o‘simligidan ajratib olingan xinazolin alkaloidi bo‘lib, u antixolinesteraza faolligiga ega
[1]. TMX juda tez oksidlanib, 2,3-trimetilen-3,4-digidroxinazolin-4-on hosil giladi [2].
Shu sababli TMX gidroxlorid tuzi (TMX-HCI) ko‘rinishidagina oksidlanmasdan
saglanadi. Nazariy modellashtirish ishlarida TMX protonlangan holatida, ya’ni TMX-H"
ko‘rinishida qo‘llaniladi [3]. AXE-TMX-H* kompleksining fiziologik muhitga yagin
muhitdagi MD simulyatsiyalari natijasida ligand molekulasining ferment faol markazida
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saglanib qolishi yoki qolmasligi bilan birgalikda, uning konformatsion holatining
o‘zgarishi va gaysi aminokislotalar qoldiglari bilan ta’sirlashishlari hagida gimmatli
ma’lumotlar olinishi mumkin. Shundan kelib chiggan holda hamda xinazolin alkaloidlari
va ularning sintetik hosilalarini molekulyar dinamik (MD) modellashtirish usullarini
magbullashtirish  maqgsadida ushbu ishda 2,3-trimetilen-3,4-digidroxinazolinning
protonlangan formasining (TMX-H") atsetilxolinesteraza (AXE) fermenti bilan suvli
muhitdagi ta’sirlashishi Gromacs-2023 dasturida [4] AMBER99SB-ILDN [5] kuch
maydonlari usulida tadqiq gilindi.

1-rasm. TMX-H" fazoviy tuzilishi

Tadgigot metodologiyasi. TMX-H" 3D geometriyasi Avogadro [6] dasturida
tayyorlandi va uning AXE fermenti (PDB ID:1DX6 [7], www.rcsb.org) bilan kompleksi
AutoDock Vina [8] molekulyar doking dasturida hosil gilindi. Ushbu kompleks, maxsus
qutiga joylashtirilib, unga suv molekulalari, Na* va CI" ionlari qo‘shildi. Keyin, hosil
gilingan tizim energiyasi magbullashtirildi hamda ma’lum bir harorat va bosimda tizim
muvozanat holatiga keltirildi. Undan keyin tizimdagi atom va molekulalar harakatlari 2
femtosekund (fs) gadam bilan 100 nanosekund (ns) davomida (=310 K, P=100 kPa)
Gromacs dasturida [4] MD simulyatsiya gilindi.

Natijalar va muhokama. Ogsil-ligand komplekslarining MD
modellashtirishlarida ligand molekulasining topologiyasi (atomlar ketma-ketligi, fazoviy
tuzilishi, atomlardagi zaryad tagsimotlari va boshqa ko‘rsatkichlar) muhim ahamiyat kasb
giladi. MD tadgiqgotlari jarayonlarida AMBER kuch maydonlari usullarida keng
qo‘llaniladigan AM1-BCC [9, 10], Gasteiger [11] zaryad tagsimotlari bilan birgalikda
RESP2(0.5) [12] zaryad tagsimoti ham qo‘llaniladi [12]. TMX-H* molekulasi atomlari
uchun RESP2(0.5) zaryad tagsimotlari MultiwFN [13] va ORCA 6.0 [14] dasturlaridan
foydalanib hisoblandi. Atomlardagi zaryad tagsimotlari g(A) MD modellashtirish
natijalariga sezilarli ta’sir gilishi mumkin. 2-rasmda TMX-H" molekulasi atomlaridagi
zaryad tagsimotlari keltirilgan. Rasmdan ayrim atomlar uchun RESP2(0.5) kattaliklarining
keskin farq qilishini ko‘rish mumkin. Masalan, N3 azot atomida AM1-BCC va Gasteiger
usullari elektron zichlikning nisbatan katta ekanligini (manfiy ekanligini) RESP2(0.5)
usulida esa ushbu atomda elektron zichlikning kam (musbat) ekanligini ko‘rsatdi. Xuddi
shunga o‘xshash holatlarni C4, C4a, C10 va CI11 atomlarida ham kuzatish mumkin.
Bulardan tashqari, uch xil zaryad hisoblash usullarida ishoralar bir xil bo‘lgan holatda ham
RESP2(0.5) usulida cho‘qqgining qolgan usullarga nisbatan quyiroqda yoki teparoqda
joylashganligini kuzatish mumkin.

0.5

04 - mAMI-BCC B Gasteiger RESP2

0.3 -
0.2
0.1+

0
-0.1 ¢
0.2 A
0.3 A
-0.4 4
05
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2-rasm. TMX-H* molekulasi atomlaridagi zaryad tagsimotlari
TMX-H* molekulasi uchun uchta topologiya fayllari uch xildagi zaryad
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tagsimotlarini (2-rasm) kiritgan holda ACPYPE serverida [15, 16] hosil gilindi. Keyin,
AXE — TMX-H* kompleksi uch marta bir xil sharoitda 100 nanosekunddan (ns)
modellashtirildi. Atomlardagi zaryad tagsimotining modellashtirishga va ogsil-ligand
kompleksining bargarorliga ta’sirini baholash magsadida o‘rtacha kvadratik og‘ish
(RMSD) grafigi tuzildi (3-rasm). Ogsil-ligand kompleksi, suv va ionlardan iborat tizim
Gasteiger zaryad tagsimotini qo‘llagan holda 100 ns simulyatsiya gilinganda, katta
tebranishlar (fluktatsiyalar) kuzatilmaganligi hamda tizimning muvozanat holatida
ekanligini ko‘rish mumkin (3-rasm, qizil chiziq). Ammo AM1-BCC va RESP2(0.5)
zaryad tagsimotlarini qo‘llagan holda bajarilgan 100 ns MD simulyatsiya jarayonida esa
sezilarli fluktatsiyalar mavjudligi va modellshtirish oxirida tizimning muvozanat holatiga
erishishga harakat gilayotganligini kuzatish mumkin (3-rasm). Sezilarli fluktatsiyalar
mavjudligining sababini suvli muhitda simulyatsiya jarayonida erituvchining qutbli tabiati
hamda ligand molekulasi atomlaridagi nisbatan “orttirilgan” zaryadlar sababli ligand va
suv orasida qutblanish effektining kuchayganligi bilan izohlash mumkin.

Adabiyotda [17], RMSD grafigida o‘rtacha kvadratik og‘ish kattaligining 1-2
nanometrdan oshishi ligand molekulasining ogsil faol markazidan chigib ketganligini
bildirishi keltirilgan. 3-rasmdagi RMSD grafigi o‘rtacha kvadratik og‘ish kattaligining 0.7
dan kichigligi uch xil MD simulyatsiya natijasida ham ligand molekulasining ogsil faol
markazidan chigib ketmaganligini ko‘rish mumkin. Ammo MD modellashtirish jarayonida
ogsil va ligand molekulalarida qisman siljishlar bo‘lganligini 4-rasmdan ko‘rish mumkin.
Unda 1, 50, 75 va 100 ns dagi kompleks geometriyalari taggoslangan. TMX-H* molekulasi
dastlabki holatdan uzoglashmagan, ya’ni ogsil faol markazida saglanib qolgan, fagat

gisman siljigan.
[
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3-rasm. AXE — TMX-H* kompleksi MD simulyatsiyasi RMSD grafigi

A

4-rasm. Gasteiger zaryad tagsimotini qo‘llagan holdagi MD modellashtirishning 1, 50, 75 va 100 ns
(sarig rangda) vaqtidagi kompleks geometriyalarinig taggoslanishi

MD simulyatsiyaning dastlabki (1 ns) va oxirgi (100 ns) holatida ligand
molekulasining AXE faol markazidagi aminokislotalar goldiglari bilan ta’sirlashishlari 5-
rasmda keltirilgan. Undan dastlabki holatda (5-rasm, chapda) TMX-H® aromatik
fragmentga ega aminokislota qoldiglari fenilalanin (PHE330, PHE331) va tirozin
(TYR334) bilan n-n ta’sirlashishga ega ekanligini ko‘rish mumkin. MD simulyatsiya
natijasida esa TMX-H" fenilalanin (PHE330) va gistidin (HIS440) aminokislota goldiglari
bilan 7-x ta’sirlashishga ega ekanligini kuzatish mumkin. Gistidindagi imidazole halgasi
ham aromatik halga hisoblanadi va uning ogsil molekulalarida fenilalanin (Phe), tirozin
(Tyr) va triptopan (Trp) aminokislota qoldiqlaridagi fenil halqasi bilan n-n
ta’sirlashishlarda gatnashishi aniglangan [18].
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Interactions
SER GLY

A:122 :] van der Waals = Al19
TR All8
7 Pi R
A21 - [:] i-Pi Stacked i
A:118 TRP Pi-Pi T-shaped
= R
:’ Pi-Alkyl VR
Al121
ILE
A:439
GLU
A:199
& GLy HIS
A:117 A440 PHE
A:330 TRP

PHE PHE HIS
A:331 A:330 A:4d0 &84
TYR

SER GLY
A:200 A4l A442

5-rasm. AXE — TMX-H* kompleksida ligand molekulasining 1 (chapda) va 100 (0‘ngda) ns holatida
aminokislota qoldiglari bilan ta’sirlashishi

Xulosa va takliflar. Olib borilgan tadgigotlar natijasida TMX-H" molekulasi
atomlaridagi zaryad tagsimotlarining AM1-BCC va RESP2(0.5) usullarida nisbatan
yugoriligi kation holatidagi birikmaning qutblanuvchanligini yanayam oshirib yuborishi
va buning natijasida MD modellashtirish davomida RMSD grafigida keskin
tebranishlarning (fluktatsiyalarning) yuzaga kelishi aniglandi. Shu sababli, ion
ko‘rinishidagi birikmalarni suvli muhitda MD modellashtirishda Gasteiger zaryad
tagsimotidan foydalanish magsadga muvofig ekan. Ushbu tadgiqot natijasida
magbullashtirilgan usul xinazolin alkaloidlarini skrining gilishda va ular orasidan yangi,
biologik faolligi yugori birikmalarni topishda muhim ahamiyat kasb gilishi mumkin.

(Mazkur ish Innovatsion rivojlanish agentligining FL-9524115091 fundamental
loyihasi doirasida amalga oshirildi)
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Abstract. This study focuses on the synthesis of a silicone-organic hybrid gel via
transesterification of cottonseed oil with tetraethoxysilane (TEOS) in the presence of sodium
metasilicate. Reaction conditions (1:1 molar ratio, 80°C, 0.5% NHs catalyst, 2 hours) were
optimized to maximize Si-O-R bond formation (R - linoleic acid residue) and minimize free
linoleic acid (<4%). The gel’s chemical structure and thermal stability were characterized using
FTIR (Si-O-C at 1080 cm™, C=0 at 1740 cm™) and TGA-MS (less than 12% mass loss up to
300°C). The gel exhibited high hydrophobicity (contact angle 110° £+ 5°), corrosion resistance
(18% improvement per ASTM B117), hydrophobizing capability (45% water retention in soil),
and suitability as a polymer plasticizer (6.8 + 0.5 MPa elongation in PVC). This material shows
promise for corrosion-resistant coatings, eco-friendly plasticizers, promoting the use of renewable
resources.

Keywords: Cottonseed oil, tetraethoxysilane, transesterification, silicone-organic hybrid
gel, hydrophobicity, corrosion resistance, plasticizer.

Annotatsiya. Ushbu tadgiqot paxta moyi va tetraetoksisilan (TEOS) o‘rtasidagi
pereeterifikatsiya reaksiyasi orqali natriy metasilikat ishtirokida kremniyorganik gibrid gel
sinteziga bag‘ishlangan. Reaksiya shartlari (1:1 molyar nisbat, 80°C, 0.5% NHs katalizatori, 2
soat) Si-O-R bog‘larining (R - linolen kislota goldig‘i) yuqori hosil bo‘lishini ta’minlash va erkin
linolen kislota (<4%) hosil bo‘lishini minimallashtirish uchun optimallashtirildi. Gelning kimyoviy
tuzilishi FTIR (1080 cm™ da Si-O-C, 1740 cm™! da C=0) va TGA-MS (300°C gacha <12% massa
yo‘qotish) yordamida xarakterlandi. Olingan gel yuqori gidrofoblik (kontakt burchagi 110° + 5°),
korroziyaga chidamlilik (ASTM B117 bo‘yicha 18% yaxshilanish), gidrofoblash qobiliyati
(tuprogda 45% suv saqlash) va polimer plastifikatori sifatida (PVX da 6.8 £ 0.5 MPa cho‘zilish)
mos xususiyatlarni namoyish etdi. Ushbu material korroziyaga chidamli goplamalar, ekologik toza
plastifikatorlar sifatida potensialga ega bo‘lib, gayta tiklanadigan resurslardan foydalanishni
targ‘ib giladi.

Kalit so‘zlar: Paxta moyi, tetraetoksisilan, pereeterifikatsiya, kremniyorganik gibrid gel,
gidrofoblik, korroziyaga chidamlilik, plastifikator.

Introduction. Silicon-organic hybrid materials combine the advantages of organic
and inorganic components, and due to their properties such as hydrophobicity, thermal
stability, and chemical resistance, they are widely used in coatings, adsorbents, and
plasticizers [1, 3]. Sol-gel processes play an important role in forming siloxane (Si—O-Si)
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networks using tetraethoxysilane (TEOS) [6]. Cottonseed oil, a renewable resource rich in
linolenic (50-55%) and palmitic acids (20-25%) as triglycerides, is considered a potential
source for the synthesis of silicon-organic materials through transesterification [7, 15].
This study focused on optimizing the transesterification between cottonseed oil and TEOS
to synthesize an environmentally friendly hybrid gel and to investigate its potential
applications.

Vegetable oils, such as linseed and soybean oils, are widely used as renewable
resources in the production of polymers and coatings. They serve as environmentally
friendly alternatives to petroleum-based products, potentially reducing carbon dioxide
emissions by up to 40% and achieving biodegradability levels of 60-70% [8, 15, 18, 19].
The synthesis of polyols from vegetable oils (e.g., via singlet oxygen photo-oxygenation)
and their conversion into acrylates or polyurethanes ensures polymer thermal stability
(250-400°C) and mechanical strength (up to 50 MPa) [2, 6, 9, 10, 16]. These materials are
applied in packaging, construction, and the automotive industry.

Bio-based polyesters are synthesized through the ring-opening copolymerization of
epoxides and cyclic anhydrides, using natural resources such as carbohydrates, fatty acids,
and terpenes [4]. Polyesterification methods employing compounds like 11-
bromoundecanoic acid and 6-bromohexanoic acid yield polymers with high crystallinity
and melting temperatures. Their degradation is accelerated in alkaline environments but
slowed down due to their hydrophobicity [3]. The biocompatibility and biodegradability
of these polymers enable their application in biomedical devices and packaging materials.

Sol-gel technology plays an important role in the production of nanostructured
materials and coatings, utilizing precursors such as tetraethoxysilane (TEOS) and 3-
glycidoxypropyltrimethoxysilane (GPTMS) [1, 14]. This process enables the synthesis of
materials with high surface areas (up to 500 m?/g), which enhances the moisture resistance
of biomaterials (doubling their water contact angle) and finds applications in optical
coatings [1]. Sol—gel coatings are recommended as a cost-effective and environmentally
friendly alternative to torrefaction.

Flame-retardant materials, particularly polyurethane and phenolic foams produced
using phosphorus- and silicon-containing modifiers (such as DOPO and DPSD), exhibit
high flame resistance (LOI 24-41.9%) and thermal stability [5, 6, 17]. FTIR, NMR, and
TG analyses confirm the strength of their chemical bonds. In phenolic foams, smoke
production is reduced by 64.55%, while compressive strength increases by 155% [5].
These materials are widely used in construction as fire-resistant components.

Surface modification of nanocomposites enhances their mechanical strength by up to
50% through changes in chemical bonding and surface energy [12]. Bismuth-doped cobalt
nanoferrites were synthesized using the sol-gel combustion method, resulting in crystallite
sizes of 17-26 nm. XRD, SEM, TEM, and FTIR analyses confirmed the formation of a
single-phase spinel structure [7]. Increasing Bi** ion content led to a decrease in lattice
parameters and a shift of absorption bands to higher frequencies, enabling the use of these
materials in electronic and magnetic devices.

Coatings based on vegetable oils, such as waterborne urethane coatings produced
from linseed oil, demonstrate low volatile organic compound (VOC) emissions (less than
50 g/L) and high adhesion strength (rated 5B) [11, 13]. Salt spray tests according to
ASTM B117 confirmed high corrosion resistance, maintaining performance for 500-1000
hours [11, 13, 20]. These coatings are used in industry as economical and environmentally
friendly alternatives.

Biodegradability tests based on OECD 301 standards allow the determination of
over 60% degradation within 28 days [21]. Such tests are crucial for assessing the
environmental safety of chemical substances. The biodegradability of vegetable oil-based
polymers (e.g., soybean oil-based polymers) can reach up to 70%, making them ideal
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materials for sustainable development [8, 15, 18].

Overall, vegetable oils and bio-based polymers offer environmental and economic
advantages as alternatives to petroleum products and are widely used in coatings,
biomedical devices, packaging, and construction. Modern analytical techniques such as
FTIR, NMR, DSC, XRD, and SEM play a crucial role in determining the structure and
properties of these materials [2, 3, 5-7, 9-13, 16, 17]. Such studies make a significant
contribution to sustainable development and the advancement of environmentally friendly
technologies.

Research methodology. 2.1. Materials. Cottonseed oil (approximate molecular
weight 860 g/mol, calculated as triglyceride, containing ~50% linolenic acid) was
obtained from a local manufacturer.

Tetraethoxysilane (TEOS, 98% purity, molecular weight 208 g/mol, Sigma-
Aldrich).

Sodium metasilicate and catalysts (0.5% aqueous NHs solution).

Ethanol (99.9%) was used as a solvent.

2.2. Synthesis of organosilicon hybrid gel. Transesterification was carried out in a
250 mL two-neck flask equipped with a stirrer, reflux condenser, and under a nitrogen
atmosphere. Cottonseed oil (10 g, 0.012 mol) and TEOS (2.5 g, 0.012 mol, 1:1 molar
ratio) were added to the flask, followed by sodium metasilicate (2 g, 0.016 mol). The 0.5%
NH; catalyst (2 mL) was added dropwise under stirring at 500 rpm. The reaction was
maintained at 80°C for 2 hours. For TEOS hydrolysis, 0.2 g (0.011 mol) of water was
used. Upon completion, the resulting gel was washed three times with ethanol and dried
under vacuum at 60°C for 12 hours.

2.3. Optimization of reaction conditions. To maximize the formation of Si-O-R
bonds, the molar ratio (1:1, 1:2), temperature (80°C, 100°C), catalyst concentration (0.5%
NHs), and reaction time (2—4 hours) were varied. Conversion was calculated based on the
intensity of the Si—-O—C signal at 1080 cm™ in the FTIR spectra. Under optimal conditions
(1:1 molar ratio, 80°C, 0.5% NHs, 2 hours), the conversion reached 78%, with the
formation of free linolenic acid at 4%.

2.4. Analysis methods. The chemical structure of the gel was determined using
FTIR spectroscopy (“IR Tracer-100” IQ spectrometer, 400—4000 cm™, 4 cm™* resolution),
confirming the presence of Si—-O—C (1080 cm™), C=0 (1740 cm™), and CH>/CHs (2850—
2950 cm™) groups. Thermal stability was investigated by TGA (DTG-60 SHIMADZU,
Japan, 25-600°C, heating rate 10°C/min, argon flow 100 mL/min), showing a mass loss of
12% up to 300°C. Hydrophobicity was assessed by contact angle measurement, corrosion
resistance by ASTM B117, and plasticizer properties by ASTM D412.

2.5. Determining gel properties. Corrosion resistance: Corrosion was reduced by
18% in a 72-hour test on steel plates (50 mm X 50 mm, 0.5 mm coating) according to
ASTM B117.

Hydrophobization: Soil (100 g) retained 45% more water in a 7-day test; cotton fabrics
(10 cm x 10 cm) absorbed 55% less water.

Plasticizer: Tensile strength reached 6.8 = 0.5 MPa when 15% gel was added to PVC.

Results and discussion. Under optimal conditions (1:1 molar ratio, 80°C, 0.5% NHs, 2
hours), a conversion of 78% and 4% free linolenic acid were obtained (Table 1). At a 1:2 ratio,
the formation of Si—-O—glycerol residue bonds increased, but hydrolysis also rose by 10%. The
NHs catalyst minimized hydrolysis [6, 7].

Table 1. Results of the optimization of transesterification conditions

Experiment Mol_ar Temperature Catalyst Time | Conversion | Free acid
ratio °O) (hours) (%) (%)
1 11 80 0.5% NHs 2 78 4
2 1:1 100 0.5% NHs 3 82 10
3 1:2 80 0.5% NHs 2 75 6
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3.1. Results of studying the properties of the gel.
@ ermanzy Figure 1 shows the FTIR
spectrum, which helps identify the
main functional groups present in the
transesterification product of
cottonseed oil and tetraethoxysilane.
The peaks observed at 3008.95 cm™!
and 2924.09 cm™ correspond to C—H
stretching frequencies, confirming the
presence of hydrocarbon chains. The
intense peak at 1743.65 cm™ is
- characteristic of C=0 stretching
o e el e el e e yibrations, indicating the formation of
ester groups. The signals recorded at

Figure 1. FTIR spectrum of the transesterification 123444 cm™ .and 1097‘50. cm 1

product of cottonseed oil and tetraethoxysilane correspond to Si-O-C and Si-O-Si

bonds, respectively, demonstrating the

participation of tetraethoxysilane in the reaction. Additionally, the peaks at 983.70 cm™

and 721.38 cm™ reflect the characteristic vibrations of CH: groups, confirming the

presence of fatty acids and their derivatives. These results indicate that new ester and
organosiloxane compounds were formed during the transesterification process.

3.2. Use of the reaction product. The gel’s hydrophobicity (110° = 5°) makes it
suitable for applications in coatings (18% reduction in corrosion) and water purification
(80% removal of Pb*"). Its tensile strength as a PVC plasticizer (6.8 + 0.5 MPa) indicates
its potential as an alternative to petroleum-based analogues [13, 14].

Conclusion/Recommendations. The transesterification between cottonseed oil and
TEOS (1:1 molar ratio, 80°C, 0.5% NHs, 2 hours) successfully resulted in the synthesis of
a silicon-organic hybrid gel with 78% conversion and 4% free linolenic acid. FTIR and
TGA analyses confirmed the formation of Si—-O-R bonds, hydrophobicity of 110° + 5°,
and thermal stability up to 300°C with less than 12% mass loss. The gel demonstrated
high performance as a corrosion-resistant coating (18% improvement), hydrophobizing
agent (45% water retention), and plasticizer (6.8 = 0.5 MPa). Future research could focus
on enhancing mechanical properties with nano-additives (e.g. graphene) and evaluating
biodegradability according to OECD 301 standards.
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Annotatsiya. Polikarboksilat superplastifikatorining samaradorligiga uning tarkibiga
kiruvchi boshlang‘ich manomerlar va makronomerlarning miqdori, shuningdek, radikal initsiatorni
bosgichma-bosgich kiritish usuli va miqdori, tizim konsentratsiyasi, harorat va reaksiya vaqti
ta’siri o‘rganildi. Ushbu omillar sintez jarayonining borishi va yakuniy mahsulotning sifat
ko‘rsatkichlarini belgilaydi. Polioksietilen izobutil spirti efir, akril kislota va vinilatsetat asosida
superplastifikatori sintez qilindi. Reaksiya paytida monomerlar nisbati, nisbiy reaktivlik kabi
shartlar oxirgi mahsulotda turli xil monomer ketma-ketligini keltirib chigarishi mumkin.
Polikarboksilat  superplastifikatori eritma radikal polimerizatsiyasi orgali tayyorlandi.
Polikarboksilat asosidagi superplastifikatorning molekulyar darajadagi strukturaviy o‘zgarishlari
uning dispersiya qobiliyati va suvni ushlab turish xususiyatlariga sezilarli ta’sir ko‘rsatishi
mumkin. Bu o‘zgarishlar natijasida sement zarralarining bir tekis targalishi ta’minlanadi, bu esa
portland sementi bilan moslik darajasining oshishiga xizmat giladi. Natijada beton gorishmasining
reologik xossalari yaxshilanib, uning mustahkamlik ko‘rsatkichlari sezilarli darajada ortadi.
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Optimal texnologik ko‘rsatkichlar va xomashyo tarkibiy gismlarining nisbati aniglandi. Sintez
gilingan polikarboksilat superplastifikatorini qo‘shish orgali suv sarfining kamayishi o‘rganildi.
Sintez qilingan superplastifikatorlarning kimyoviy tuzilishi va ularning tarkibi 1Q-spektr
tahlillari bilan aniglangan.

Kalit so‘zlar: polikarboksilat superplastifikatori, monomer va makromanomer, beton
gorishmasi, oquvchanlik.

PRODUCTION AND PROPERTIES OF POLYCARBOXYLATE
SUPERPLASTICATOR WITH WATER CONSUMPTION REDUCTION
PROPERTIES

Abstract. The effects of various factors on the efficiency of polycarboxylate
superplasticizer were investigated, including the quantity of initial monomers and macromonomers
in its composition, the method and amount of stepwise introduction of the radical initiator, system
concentration, temperature, and reaction time. These factors determine the course of the synthesis
process and the quality indicators of the final product. A superplasticizer based on
polyoxyethylene isobutyl alcohol ether, acrylic acid, and vinyl acetate was synthesized. Conditions
such as the ratio of monomers during the reaction and their relative reactivity can lead to different
monomer sequences in the final product. The polycarboxylate superplasticizer was obtained
through radical polymerization in solution. Structural changes at the molecular level of the
polycarboxylate-based superplasticizer can significantly affect its dispersing ability and water-
retention properties. These changes ensure uniform distribution of cement particles, which
contributes to increased compatibility with Portland cement. As a result, the rheological properties
of the concrete mixture improve, and its strength indicators significantly increase. Optimal
technological parameters and the ratio of raw material components were determined. The
reduction in water consumption when adding the synthesized polycarboxylate superplasticizer was
studied. The chemical structure and composition of the synthesized superplasticizers were
determined using IR spectroscopy.

Keywords: polycarboxylate superplasticizer, monomer and macromonomer, concrete
mixture, mobility.

Kirish. Hozirgi kunda qurilish sanoati juda tez sur’atlar bilan rivojlanmoqda. Bu
vagtda xomashyo va energiya resurslaridan ogilona va samarali foydalanishga go‘yilgan
talablar ham o‘zgarib bormogda. Sifatli beton mahsulotlarini ishlab chigarishda
mustahkamligi, yaxshi joylashuvchanligi alohida o‘rin egallaydi. Ushbu muammoni
samarali hal qilish maxsus superplastifikatorlardan keng foydalanishni talab giladi.
Superplastifikatorlarning yuqori samaradorligi, beton va armaturaga salbiy ta’sirlarning
yo‘qligi, shuningdek, ularning mavjudligi va tannarxining arzonligi bilan bog‘liq.
Superplastifikator qo‘shimchalari sirti faol xususiyatlarga ega bo‘lgan moddalar, ular
beton gorishmalarning harakatchanligini yaxshilaydi va mustahkamligini oshiradi. Beton
sanoati texnologiyasida superplastifikatorlardan foydalanib, beton qorishmasining
o‘zgarmas harakatchanligini saqlab, suvga bo‘lgan talabni va g‘ovaklikni kamaytirish,
betoning zichligi, mustahkamligini oshirish. Bugungi kunda jahon bozorida juda ko‘p
miqdordagi superplastifikator qo‘shimchalar mavjud bo‘lib, sement tarkibiga va betonga
ta’siri ham tubdan farq qilishi mumkin. Polikarboksilat superplastifikator molekulyar
tuzilishi, yugori darajadagi dispergirlash xususiyati va disperslikni uzoq vaqt saglash
gobiliyati, ekologik xavfsizligi hamda boshqga afzalliklari bilan ajralib turadi.
Polikarboksilatlar zamonaviy beton qurilishining talablariga to‘liq javob beradi va borgan
sari yuqori samarali beton mahsulotlarini tayyorlashda eng ma’qul go‘shimcha sifatida tan
olinmoqgda [1-4]. Polikarboksilat superplastifikatorlarining ajoyib ekspluatatsion
xususiyatlari tufayli beton uchun eng muhim qgo‘shimchalardan biri sifatida tan olingan [5-
6]. Boshga mahsulotlar, jumladan polikondensatlarga nisbatan, ular suv-sement nisbati
past bo‘lganda ham sementni suyultirib, nisbatan kam miqgdorda go‘llanilishini talab etadi
hamda beton aralashmasining harakatchanligini uzoq muddat saglash xususiyatini
namoyon qiladi [7-9]. PKE ning yuqori dispergirlash samaradorligini noionogen yon
zanjirlarning mavjudligi bilan izohlash mumkin. Bu zanjirlar g‘ovakli eritmaga cho‘zilib,
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sterik to‘siq vazifasini bajaradi va sement zarrachalarini bir-biridan uzoglashtiradi [10].
Bundan tashqgari, polikarboksilat superplastifikatori adsorbsiyasi natijasida manfiy sirt
zaryadi paydo bo‘ladi, bu ham sement zarrachalari orasida elektrostatik itarishishni
keltirib chigaradi [11]. Biroq samarali dispersiya uchun eng muhim ko‘rsatkich sement
yuzasidagi adsorbsiyalangan polikarboksilat superplastifikatori gatlamining qalinligi
hisoblanadi [12-14]. Ottevill-Uoker tenglamasiga ko‘ra, dispers suspenziyalarning yuqori
sterik bargarorligi, aynigsa, o‘ta galin gatlam hosil qilib adsorbsiyalanadigan polimerlar
yordamida erishilishi mumkin [15]. Shunday qilib, hajmiy, tarmoglangan va sterik
jihatdan murakkab polimerlar tarogsimon polikarboksilat efirlariga nisbatan kuchliroq
sterik ta’sir ko‘rsatishi taxmin gilinadi. Bu faraz Lyu va uning hamkorlari tomonidan
tasdiglandi. Ular akril kislotasi va izopreniloksipolietilenglikol efiri sopolimeridan tashkil
topgan ko‘p nurli tuzilishi tufayli yulduzsimon polikarboksilatlar tarogsimon
analoglaridan ustun ekanligini aniglashdi. Bunday tuzilish polimerning g‘ovakli eritmaga
sezilarli darajada chuqurroq kirib borishiga imkon beradi va natijada galinroq gatlam hosil
giladi [16]. Akril kislotasi, polietilenglikol metallil efiri (PEGME) va diallilamin,
metilakrilat hamda trimetilolpropandan ikki bosgichda tayyorlangan tarmoglangan
monomerning erkin radikalli sopolimerlanishi orqgali sintez qilingan tarmoglangan
topologik tuzilishga ega polikarboksilat uchun ham xuddi shunday natijalar olindi [17]. Li
va uning hammualliflari ko‘rsatganidek, hatto tarogsimon polikarboksilatlarga
tarmoglangan yon zanjirlarni Kiritish ham sterik to‘signing kuchliroq ta’siriga olib kelishi
mumkin[18]. Beton tayyorlashning zamonaviy texnologiyasida go‘shimcha modifikatorlar
beton gorishmasining bog‘lovchilar, to‘ldiruvchilar va suv bilan bir gatordagi majburiy
komponenti hisoblanadi. Betondagi qo‘shimchalar betonning sifatini yaxshilash, unga
o‘ziga xos xususiyatlar berish, qurilish ishlarini tezlashtirish, qurilish jarayonini narxini
kamaytirish magsadida ishlatiladi[19].

Tadgigot metodologiyasi. Olib borilgan tadgigotlarimizda polikarboksilat

superplastifkatorini 60°C suvli eritma sharoitida erkin radikal polimerizatsiya reaksiyasi
orgali makromonomer sifatida polioksietilen izobutil spirti efir va akril Kkislota,
vinilatsetat, inisiatordan foydalanib, sopolimer sintez qilindi. Makromonomerlarning
molekulyar og‘irligi, polimerizatsiya faolligi kabi xususiyatlar polikarboksilat sifati va
ishlashi ta’sir giluvchi omillardir. Ularni tayyorlash usullari quyidagicha ko‘rsatilgan.
Polioksietilen izobutil spirti efir, akril kislotaning radikal kopolimerizatsiyasi zanjir
uzatish agenti merkaptan kislota yordamida 50°C haroratda boshlandi. Tajriba
quyidagicha amalga oshiriladi: 500 ml to‘rt bo‘yinli tubi dumalog kolbaga vinilaatsetat
0,26 gr, polioksietilen izobutil spirti efir 50 gr, akril kislota 6 gr va zanjir uzatuvchi 0,84
gr qo‘shib aralashtiriladi. Tomdirgich yordamida aralashmaga inisiator 0,50 ml bo‘lak-
bo‘lak qilib go‘shildi. Keyin kolba 60°C haroratda termostatlangan suvli hammomiga
botirildi va reaksiya 300 minut davomida olib borildi. Polikarboksilat
superplastfikatorning yakuniy mahsuloti sifatida 28 % li suvli eritma bo‘lib, NaoH ning 10
% li eritmasi orgali pH~7 ga keltirildi. Vinilatsetat va akril kislota kabi yuqori reaktiv
monomerlar makromonomerlar bilan birlashganda, geterogen tarkibli sopolimerlar hosil
bo‘ladi.

Ushbu tadgigot ishida Gost 30515-2013 standart sement Namangan sement
zavodidan sotib olindi. Ishlab chigaruvchi tomonidan tagdim etilgan sementning kimyoviy
tarkibi va fizik xususiyatlari 1va 2-jadvalda keltirilgan.

1-jadval.

Sementning kimyoviy tarkibi
Ca0O SiO; Al;Os Fe,03 SO; MgO K20 TiO, Na,O | Boshga
61.64 | 22.29 5.22 4.2 2.4 1.68 0.47 0.26 0.21 0.22
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2- jadval.
Sementning mineralogik tarkibi
CsS C,S CsA C.AF
59.38 15.55 7.29 11.59

Beton qorishmani tayyorlashda superplastifikator polikarboksilatning sement massa
nisbati 0.2,0.4,0.6,0.8 va 1% ga teng olindi. Superplastifikator go‘shilmagan beton
gorishmasi nazorat namunasi sifatida gabul qgilindi. polikarboksilat
superplastifikatorlarining har bir dozasi uchun aralash suv miqgdori dastlabki kamayishi
200 £ 15 mm ga kelguncha o‘zgartirildi. Odatda, gattiq materiallar 60 soniya davomida
quruq aralashtiriladi, so‘ngra o‘lchangan miqdorda suv bilan superplastifikatorni
aralashtirib go‘shiladi. Aralashtirish jarayoni 6 dagiga davom etadi. Tayyorlangan beton
gorishmasida suv sarfining kamayishi, konus cho‘kmasi, cho‘kishni ushlab turish, zichlik,
dastlabki va yakuniy sozlash vaqti kabi tahlillar o‘tkazildi. Beton mahsulotining
mustahkamligini o‘rganish uchun yangi beton gorishmalar namuna qoliplarga o‘tkazildi
va qolipga solingan beton qorishmasini yaxshi joylashishi uchun 2-3 dagiga davomida
tebranish stoliga joyalshtiriladi. GOST 1018032 ga ko‘ra, ishlab chigarilgan shakllar 24
soat davomida 20° C haroratda saglanadi, keyin beton namunalari qoliplardan chiqariladi
va 3, 7 va 28 kunlardagi mustahkamliklari o‘rganildi.

Suv sarfining kamayishi. Sintez qilingan polikarboksilat superplastifikatorining
beton gorishmasida turli miqdorlarda suv sarfini kamaytirish foizlari ASTM C49438
asosida o‘lchandi. Beton gorishmalar uchun cho‘kish giymatlari 200 + 15 mm oralig‘ida
nazorat gilindi. Superplastifikator go‘shilmagan beton gorishmasi va superplastifikatorlar
go‘shilgan beton qorishmalari suv sarfi o‘rtasidagi farq betonda tayyorlangan
superplastifikatorning suvni kamaytirish foizini hisoblash uchun o‘rganildi.

Oquvchanlikni ushlab turish. Superplastifikator go‘shilgan beton gorishmasining
oguvchanligi konusga quyish orgali tekshirildi, keyin konusi cho‘kma vertikal ravishda
sekin ko‘tariladi. Beton qorishmasining dastlabki ogishi konusning balandligi va
namunaning eng yuqori nuqtasi o‘rtasidagi farq sifatida baholandi. Ushbu tahlil GOST
26798.1-96 standart sinov usuliga muvofiq amalga oshirildi. Suyuglikni ushlab turish
gobiliyati 30, 60, va 90 dagiqgalik oraligda beton qorishmasining tushishi o‘zgarishini
o‘lchash orgali baholandi. Shuni aytish kerakki, har bir beton namunasi tahlil gilishdan
oldin 20 soniya davomida gayta aralashtiriladi.

Natija va muhokama.
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Reaksi‘ya vaqti, soat
1-rasm. Reaksiyani amalga oshirishda vaqtning bog¢ligligi.
Polimerlanish reaksiyasining vaqtga bog‘ligligi 1-rasmdan ko‘rinib turibdiki,
reaksiya vaqtini ko‘paytirish bilan superplastifikatorning dispergirlash qobiliyati ham ortib
borgan. Bu hodisa konsentratsiya ko‘payishi natijasida polimerlanish samarasi,
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sopolimerlanishning konversiya darajasi va dispergirlash gobiliyatining yaxshilanishi
bilan tushuntiriladi. Birog konversiya tezligi ortmagan, aksincha, ayrim nojo‘ya
reaksiyalar yuz bergan bo‘lishi mumkin. Shu sababli, eng magbul reaksiya vaqti 5 soatni
tashkil etgan.

Sintez qgilingan Polikarboksilat superplastifikatori koordinatsion birikmadagi
funksional guruhlar va bog‘lanishlarning tebranishlari Spectrum Two (Perkin Elmer)
qurilmasida infragizil spektroskopiya usuli yordamida o‘rganildi. Spektrometrning yuqori
sezuvchanligi 400-4000 sm™ oralig‘ida tahlil gilishga imkon beradi, to‘lgin ragamlar
shkalasi 3351.40-408.98 sm™.

PerkinElmer Spectrum IR Bepenna 10.7.2
27 cpespans 2025 1 11:13
Ananurie Analyst
Data Bpema 27 cpespans 2025r. 11:13

510.55¢m-1
701 2869.88cm-1

%T

204 1096 40cm-1

4000 3500 3000 2500 2000 1500 1000 500400

Linn 0Bpaaua [Onmcanme
PK-19 | Odpasel 383 nonyuentsii Analyst [lata cpena. pespans 26 2025

2-rasm Sintez gilingan polikarboksilat superplastifikatorini 1Q- spektr tasviri

2-rasmda sintez qilingan polikarboksilat superplastifikatorini 1Q- spektrni tahlili
natijasiga ko‘ra yutilish cho‘qgisini mos ravishda 2869.88 sm™ metil (-CHs) va 1288.45
smida efir guruhining (-C-O-C-) ko‘rishimiz mumkin, bu HPEG-2400
makromonomerining polikarboksilatga muvaffaqgiyatli kiritilishini ko‘rsatadi. Karboksilat
cho‘zuvchi tebranish cho‘qqisi (-COO-) 1453.43 sm™ simmetrik nugtalarda ko‘rishimiz
mumkin.

Sintez gilingan polikarboksilat ge‘shimchaning ba’zi xususiyatlari jadvalda keltirilgan

3- jadval.
Element Sifat indeksi Tahlil natijasi
Oqgdan och sariq ranggacha Oq yoriglar
Tashqi (25°C) bo‘lgan yoriglar

Rang <50 10

Gidroksil giymati; mg KOH/g 22.0-26.00 23.57

pH giymati (1% suveritmasi) 5.00-7.00 6.57

Namlik; % <0,5 0,24

Yod giymati; g | 2 /100g >9.,5 10.2
To‘yinmaganlik; mmol/g >0,3712 0,401

Ikki tomonlama obligatsiyani saglash; % >90 96.3

Polikarboksilat suv kamaytiruvchi bo‘lishining sababi shundaki, u dispersli
sementning ta’sir qilish mexanizmiga muvofiq samarali molekulyar tuzilmalarni hosil
giladi. Koagulyatsiya, past dozada yuqori plastifikatsiyalovchi, suyuglikni yaxshi ushlab
turadi. Polikarboksilat superplastifikatorlaridan foydalanish juda samarali bo‘lsa-da, beton
sanoatida polikarboksilat superplastifikatorlarini sotib olish giyin. Shuning uchun bugungi
kunda mahalliy xomashyo va ikkilamchi mahsulotlar asosida superplastifikatorlar sintez
qgilish, superplastifikatorlar go‘shish orgali beton mahsulotlarini ishlab chiqgarish katta
ahamiyatga ega. Iqgtisodiy samaraga erirish uchun yangi avlod polikarboksilat suvda
eruvchan agenti sifatida, xalgaro brendlarning oddiy suvda eruvchan agentlariga
garaganda yaxshiroq suvda eruvchan ta’sirga ega. Mana tagqoslash effekti:
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bl LGNS
3- rasm. Turli superplastifikator go‘shilgan sement xamirining yoyilishi.

Xulosa. Radikal initsiatorni yuborishning eng magbul usuli uni uzluksiz
tomchilatib qo‘shishdan iborat bo‘lib, radikal initsiatorning optimal miqdori barcha
monomerlar umumiy massasining 0.9 foizini tashkil etdi. Eritma konsentratsiya 28 %
bo*lib, reaksiya harorati 60° C gacha oraligda bo‘ldi, reaksiya davomiyligi esa besh soatni
tashkil etdi. Efir guruhlari, karboksil guruhlari va boshga guruhlarni o‘z ichiga olgan
mukammal  molekulyar  tuzilishli  polikarboksilat  superplastifikator  olindi.
Superplastifikator go‘shilgan beton gorishmasining oquvchanligi konusga quyish orqali
tekshirildi. Polikarboksilat superplastifikatori suv sarfini kamaytirishining sababi
shundaki, u dispersli sementning ta’sir gilish mexanizmiga muvofiq samarali molekulyar
tuzilmalarni hosil gilishishidadir. GOST 1018032 ga ko‘ra, ishlab chigarilgan shakllar 24
soat davomida 20°C haroratda saqlanadi, keyin beton namunalari goliplardan chiqgariladi
va 3, 7 va 28 kunlardagi mustahkamliklari o‘rganildi.
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Annotatsiya. Ushbu magolada Mahalliy xomashyolardan yangi turdagi Agrobentafos
innovatsion o‘g‘it ishlab chigarish texnologiyasi keltirilgan. Bu o‘g‘it tarkibida P2Os 17%, N 8%,
K20 3%, CaO 26% va Mg 1,7%, S 20 % miqdorda va boshga mikro- va makroelementlar mavjud.
O‘g‘itning asosiy gismini Surxondaryo viloyati Sariosiyo tumanida joylashgan Guliob fosforiti
hamda Jargo‘rg‘on tumanida joylashgan xovdag bentoniti asosida ishlab chigariladi. Bundan
tashqari, o“g‘it g‘ovakligini oshirish magsadida umumiy massaga nisbatan 2% miqdorda Sharg‘un
ko‘mir koni kukunidan go‘shilgan. Maqgolada ishlab chigarish texnologiylari va sarflanadigan
energiya hamda material balanslari yoritib berilgan. Ishlab chigarishning texnologik sxemasida
quritish pechi va granulalash qurilmasi umumlashtirilib, PGS (quritib granulalash apparati)
qurilmasi taklif gilingan.

Kalit so‘zlar. Agrobentofos, azot, aylanma pech, o‘g‘it, fosforit uni, Guliob, maydalagich,
silindr, elevator.

PRODUCTION OF THE INNOVATIVE FERTILIZER "AGROBENTAFOS"
FROM LOCAL RAW MATERIALS

Abstract. This article presents the technology for producing a new type of innovative
Agrobentaphos fertilizer from local raw materials. This fertilizer contains 17% P,0s, 8% N, 3%
K20, 26% Ca0, 1.7% Mg, 20% S, and other micro and macroelements. The main component of
the fertilizer is produced using Guliob phosphorite from the Sariosiyo district and Khovdag
bentonite from the Jarqo‘rg‘on district, both located in the Surkhandarya region. Additionally, to
increase the porosity of the fertilizer, powder from the Sharg‘un coal deposit was added at 2% of
the total mass. The article details the production technologies, energy consumption, and material
balances. In the technological scheme of production, the drying furnace and granulation unit are
combined, and a PGS (drying granulation apparatus) unit is proposed.

Keywords. Agrobentophos, nitrogen, rotary Kiln, fertilizer, phosphorite powder, Guliob,
crusher, cylinder, elevator.

Kirish. Tuproglardan yugori hosil olishning asosiy omili uni mineral va ozuga
elementlari bilan yetarli darajada ta’minlashdir. Bundan tashgari tuprogning tuzilishi,
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donadorligi, hajm massasi, g‘ovakligi, uning suv o‘tkazuvchanligi, suvni ushlab turish
gobiliyati ham muhim ahamiyat kasb etadi.

Aholini uzluksiz tabiiy va sifatli ozig-ovgat mahsulotlari bilan ta’minlash uchun
o‘simliklar mo‘l hosil berishi va uzog muddat yashashi zarur. Bu magsadga erishish uchun
o‘simliklarning ildiz tizimi yaxshi rivojlanishi kerak. Ildiz tizimining yaxshi rivojlanishi,
modda almashinuvi tuproqdagi gaz almashinuvi mikrobiologik jarayonlarining magqbul
o‘tishi uchun tuprog nam sig‘imi, suv ushlash gobiliyati yaxshi bo‘lishi kerak.

Bu natijalarga erishish uchun yangi turdagi o‘g‘itlar ishlab chiqarish zarur. Ishlab
chigariladigan o‘g‘itlarga bo‘lgan talab fagatgina o‘simliklarni makro ozuqga elementlari
bilan ta’minlashdan tashqari ularga kam miqdorda zarur bo‘ladigan mikroelementlar bilan
ham ta’minlash, suvni o‘ziga yaxshi ushlab turuvchi, mikro- va makroelementlarning
o‘simlikga to‘la so‘rilishi uchun katalizatorlik vazifasini ham bajarishi zarur.

Mikroelementli “Agrobentofos” mineral o‘giti mikro- va makroelementlarga boy
turli xil xomashyolar asosida ishlab chigariladi. Agrobentofos mahsulotining xomashyosi
bo‘lgan bentonit Surxondaryo viloyatining Jarqo‘rg‘on tumanida 1091 ming tonna
bentonit xomashyosi zaxirasi mavjud bo‘lgan “Xovdak™ karyeridan kukun holatida
foydalaniladi.

Dunyoda ko‘p olimlar bentonit mineralini turli yo‘llar bilan faollashga harakat
gilganlar. Bular ichida eng samaralisi issiglik bilan ishlov berish ekanligi aniglangan [1].

Bu usul yordamida boyitilgan Xovdak bentonitining tarkibi kimyoiy usullar
yordamida miqgdoriy analiz gilingan. Ishgor va kislota eritmasi bilan hamda gizdirish usuli
yordamida boyitilgan [2].

Foskonsentrat sifatida Surxondaryo viloyati Sariosiyo tumanida joylashgan Guliob
past navli tabiiy fosforit mineralidan foydalanilgan. Guliob fosforit koni 30 km uzunlikka
va 60 m chuqurlikka cho‘zilgan bo‘lib, Guliob fosforiti tarkibi asosan dallit va diadoxit
minerallaridan iborat. Guliob fosforit rudasida ushbu minerallarning umumiy miqgdori
31% ni tashkil etadi. Yuqorida keltirilgan tabiiy fosforit mineral rudalari turlariga ko‘ra
Guliob fosforiti donador granulali turiga kiradi. [3]. Sariosiyodagi bu fosforit tarkibida
551 ming tonna P20s ni mavjud. Bu fosforitlarning asosiy ranglari gora va jigarrangdir.
Qora va jigarrang fosforitlar tarkibida P.Os ning miqdori 4,13 dan 22,30 % gachani tashkil
etadi. P2Os tashqgari fosforit minerali tarkibidagi MgO, CO», F, SOz lari ham uchraydi. Bu
mineral tarkibida yana bir gancha mikroelementlar ham uchraydi. [4. 75-77 b]. Bu esa
Agrobentafos o‘g‘itimiz tarkibini yana-da boyitadi.

Tadgigot metodologiyasi. Ushbu tadgiqot ishida amaldagi fosforli o‘g‘itlar olish
texnologiyasi takomillashtirilgan. Bunda donadorlashtirgich qurilmasi va quritish pechini
birlashtirib BGS (barabanli donadorlashtirgichli quritgichdan) aparatida ishlatilgan.

O‘rganishlar natijasida Sariosiyo tumanidagi Guliob fosforiti tarkibida talab
darajasida P2Os mavjud bo‘lmasa ham, ularni turli xil tarkibida mineral moddalar mavjud
bo‘lgan xomashyolar bilan modifikatsiyalab, yangi aralash turdagi o‘g‘it olish mumkinligi
ushbu tadgigot ishida isbotlangan [5].

“Agrobentofos” mineral o‘g‘itini ishlab chigarishda ishlatiladigan xomashyo va
materiallardan yana biri — kaliyxlorid hisoblanadi. Bu kaliyxlorid Qashgadaryo viloyati
Dehgonobod tumanidagi DKZ” AJ mahsuloti hisoblanadi. Bu kaliyxlorid tarkibida KCI-
95% bo‘lib, ozugaviy kaliyning migdori K>0-60% bo‘ladi. Bu kaliyxlorid gizil-go‘ng‘ir
rangli bo‘lib, uning namligi 1,0 % dan oshmaydi [7].

“Agrobentofos” mineral o‘g‘itini ishlab chigarishda ishlatiladigan ammoniy sulfat
mahsulotining tarkibida azotning miqdori N-21% ni tashkil giladi. Ammoniy sulfatning
tozalik darajasi 99 % dan kam emas (99,5% NH4SO,). Ushbu ammoniy sulfat “Navoiy
Azot” AJ dan olinadi.

Agrobentofos o‘g‘iti tarkibidagi azot miqdorini yanada oshirish uchun “Navoiy

Azot” AJ dan ammiakli suvdan foydalaniladi. Bu jarayonda foydalaniladigan ammiakli
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suv tarkibida kamida 25% ammiak bo‘ladi [8]. Fosforit mineralini parchalash uchun
92,5% li sulfat kislotadan foydalaniladi.

Natijalar va muhokama. “Agrobentofos” mineral o°g‘itini ishlab chiqgarish
texnologik jarayonining ketma-ketligi quyidagi tartibda boradi. Ishlab chiqgarilayotgan
o‘g‘it mineral va mikroelementlarga boy bentonit kukuni, fosforit uni hamda kaliy xlorid
o‘g‘itini nisbatli aralashmasidan, ammiak suvi hamda sulfat kislotasini ta’sir ettirish yo‘li
bilan agrobentofos o‘g-iti ishlab chiqgariladi.

Asosiy ishlab chiqgarish kichik bo‘limlardan iborat bo‘lib, bunda: xomashyoni
saglash ombori va xomashyoni saglash bunkeri, xomashyoni reagentli aralashtirish,
komponentlarni eritish bo‘limi, granulalash, reagent saglash, tayyorlash va uzatish
bo‘limi, quritish va sovitish bo‘limi, maydalash va saralash bo‘limi, tayyor mahsulotni

gadoglash va saglash omboridan iborat.
Agrobentafos o‘gitini ishlab chiqarish prinsipial sxemasi

Guliob fosfariti
XNoudaz benmtonit:
Kaliv xlorid Salfat kislota

Aralashtizash jarayom: 1
-
Aralashrtirish jaravyomni 2 | Gaz chiaish

NHaOH 35 <6

25%%6 Ammialk | B
1 Granulalash

Yoqgiladican [ B Gaz va par
1 Quritish
=az -

. -

Saralash jarayvomni

Qadoglash

Agrobentafos innovatsion o¢giti ishlab chiqgarishdagi material balansi.

1-jadval.
Ne | Ishlab chigarish Miqdori Tarkibi % Ajratib olish
masulotlari kg/soat koeffitsiyenti
%
Kirish
1 Foskonsentrat 750 18-24 100
2 Bentonit kukuni 137,5 18 mikroelementdan
iborat
3 | Kaliy xlorid 87,5 95-97
4 | Sulfat kislotasi 475 90-92,5
5 | Ammiak 37,5 20-21
6 | Suv 187,5
7 | Jami: 1675 100 100
Chigish
Agrobentofos 1250 74,6 74,6
Bug‘lanish 275 16,5 16,5
Aspiratsiya 150 8,9 8,9
Jami: 1675 100 100
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2-rasm. “Agrobentofos” innovatsion o‘gitini ishlab chigarish texnologik sxemasi.

1,2,3-bunkerlar, 4-pitatel, 5-12-17-20 elevator, 6- shnekli aralashtirgich, 7,8,9-bak, 10-gaz
uzatgich, 11- barabanli donadorlashtiruvchi quritkich (BDQ) 13-barabanli sovutkich, 14-
siklon, 15-elektrofiltr, 16-gaz chigargich, 18-yarimvibratsion elak, 19-maydalagich, 21-
tayyor mahsulot bunkeri, 22-gadoqglash qurilmasi, 23-qadoglangan tayyor mahsulot.

Ushbu texnologiyaning ishlash tartibi quyidagicha: O‘git ishlab chigarish uchun
xomashyolar to‘lig kukun holida foydalaniladi. Bu jarayonda 1,2,3 bunkerlarda
maydalangan fosforit, bentonit, kaliy xloridlar pitateldan 545:157:100 nisbatda elevator
orgali aralashtirgichga yuboriladi. Aralashtirgichda fosforit, bentonit va kaliy xlorid 7-8
bunkerlardagi sulfat kislota va ammoniy gidroksidlari bilan ta’sirlashtirilib bo‘tana hosil
gilinadi. Hosil bo‘lgan bo‘tanani shnekdan ammiakli suv bilan aralashtirib 11- barabanli
donadorlashtiruvchi quritish qurilmasiga yuboriladi. Barabanli donadorlashtiruvchi
quritish qurilmasi 10-gaz uzatish qurilmasi yordamida gaz uzatilib 100-140°C gacha
gizdirib Agrobentafos innovatsion donalari hosil boladi. Hosil bo‘lgan donadorlashgan
o‘g‘it barabanli donadorlashtiruvchi quritish qurilmasidan 12-elevator orqgali sovitish
qurilmasi 13 ga yuboriladi va bu gurilmadan chigayotgan gazlar siklonga 1 ga yuboriladi.
Siklondan o‘tgandan keyin gazlar elektrofiltir 15 ga yuboriladi va elektrofiltirdan
atmosferaga chiqarib yuboriladi. Sovigan o‘g‘it elevator 17 orgali klassifikatsiya jarayoni
uchun 18-yarim vibratsion elakka uzatiladi. Bu yerda donadorlangan Agrobentofos o‘giti
uch xil gismga ajraladi. Yirik va kichik donalar 19- bolg‘ali maydalagichga yuborilib
maydalanadi va shnekli aralashtirgichga yuboriladi. Yarim tebranma elakdan chiggan
mahsulotlar elevator orqgali tayyor mahsulot saglanadigan 21-bunkerga yuboriladi. Tayyor
mahsulot saglanadigan bunkerdan 22-gadoqglash qurilmasiga yuborilib gadoglanadi.

Xulosa va takliflar. Mazkur tadgiqot ishida mahalliy xomashyolar asosida
tarkibida P.Os, N, K20, CaO va Mg, S mavjud bo‘lgan yangi turdagi o‘g‘it ishlab chiqildi.
Agrobentafos o‘g‘itini ishlab chiqgarish jarayonida amaldagi GOST talablari asosida
xomashyolar tanlandi. Asosiy xomashyolar sifatida mahalliy Guliob fosforitlari va
Xovdak bentoniti tanlab olindi va ularning tarkiblari va miqdorlari o‘rganildi.
Agrobentafos innovatsion o‘g‘itini ishlab chigarish jarayoni material balansi va prinsipial
sxemasi Yyaratiladi. Yaratilgan ma’lumotlar asosida “Agrobentofos” innovatsion o‘gitini
ishlab chigarishning optimal texnologik sxemasi taklif etildi.
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Annotatsiya. Ushbu ilmiy maqolada remerin, anonain, izoremerin alkaloidlarining
biologik faolliklarini dasturiy ta’minot orqali tahlil gilindi va tagqgoslandi. Tadqgigot natijalari dori
dizayni, materialshunoslik va kataliz sohalarida molekulyar darajadagi o‘zaro ta’sirlarni o‘rganish,
shuningdek, yangi biofaol birikmalarni modellashtirish uchun nazariy asos bo‘lib xizmat giladi.
7C62 ogsili neyrodegenerativ kasalliklar bilan bog‘lig bo‘lib, ushbu ligandlarning ogsil bilan
bog‘lanish qobiliyati ularning potensial Parkinson kasalligiga garshi terapevtik ahamiyatga ega
ekanligini ko‘rsatishi mumkin. Remerin ogsilning faol markazi bilan eng yaxshi bog‘lanib,
potensial terapevtik modda sifatida ustunlik giladi. Ushbu alkaloidlar Parkinson kasalligi bilan
bog‘lig ogsillarga potensial ingibitor sifatida xizmat gilishi mumkin.

Kalit so‘zlar: anonain, remerin, izoremerin, kvant kimyo, molekulyar modellashtirish,
zaryad tagsimoti, bog* uzunligi, farmakologik faollik, antibakterial xususiyatlar, antivirus ta’siri,
elektron xossalar, 7C62 ogsili

ANALYSIS OF THE BIOLOGICAL ACTIVITIES OF ANONAIN, REMERIN, L-
ISOREMERIN ALKALOIDS OBTAINED WITH THE PASS ONLINE AND
SWISSADME PROGRAMS.

Annotation. In this scientific article, the biological activities of remerin, anonain, and
isoremerin alkaloids were analyzed and compared using software. The results of the study serve as
a theoretical basis for studying interactions at the molecular level in the fields of drug design,
materials science, and catalysis, as well as for modeling new bioactive compounds. The 7C62
protein is associated with neurodegenerative diseases, and the ability of these ligands to bind to
this protein may indicate their potential therapeutic value against Parkinson's disease. Remerin
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binds best to the active center of the protein, making it an excellent candidate as a potential
therapeutic agent. These alkaloids may serve as potential inhibitors of proteins associated with
Parkinson's disease.

Keywords: anonain,remerin, izoremerin quantum chemistry, molecular modeling, charge
distribution, bond length, pharmacological activity, antibacterial properties, antiviral effect,
electronic properties, molecular geometry, reactivity.

Kirish. PASS (online) - moddalarning strukturasi asosida ularning biologik
faolligini o‘rganishga mo‘ljallangan dastur hisoblanadi. Biologik faol moddalar
o‘zlarining ichki xususiyatlari orqgali biologik obyektlar bilan o°‘zaro ta’sirlashish
gobiliyatini ifodalaydi. Ushbu dastur ma’lum moddalarga Pa va Pi giymatlarini belgilaydi,
bu esa ularning farmakologik faollik ehtimolini aks ettiradi. Pa — moddaning farmakologik
faol ekanligini, Pi esa farmakologik faol emasligini bildiradi. Agar Pa > 0.71 bo‘lsa,
molekula ushbu faollikni namoyon qilishi ehtimoli yuqori bo‘ladi. PASS (online) dasturi
strukturaga asoslangan biologik faollik tamoyili bo‘yicha ishlaydi, bunda Pa giymati
moddaning gaysi kasallikka garshi farmakologik faolligini aniglasa, Pi giymati esa ushbu
faollikning past darajasini ko‘rsatadi.

Adabiyotlar tahlili. Alkaloidlarning biologik faolligini o‘rganish farmatsevtika
kimyosida ustuvor yo‘nalishlardan biri bo‘lib, zamonaviy kompyuter modellashtirish
vositalari ushbu jarayonni tezlashtirish va optimallashtirish imkonini beradi. Lagunin va
hamkorlari (2000) tomonidan ishlab chigilgan PASS (Prediction of Activity Spectra for
Substances) dasturi modda strukturasi asosida ularning farmakologik xususiyatlarini
oldindan baholash imkonini beruvchi ilg‘or tizimlardan biri bo‘lib, dastur farmakologik
izlanishlar bosqgichida laboratoriya resurslarini tejash imkonini beradi.

Molekulyar doking metodlari esa modda va magsad ogsil o‘rtasidagi bog‘lanish
energetikasini baholash orgali ularning o‘zaro ta’sir kuchini aniglashda qgo‘llaniladi. Trott
va Olson (2010) tomonidan ishlab chigilgan AutoDock Vina algoritmi yuqori hisoblash
tezligi va aniq natijalar berish xususiyati bilan ajralib turadi. Ushbu metodologiya
Parkinson kasalligi bilan bog‘liq ogsillar — xususan, D2 dopamin retseptori (PDB ID:
7C62) — bilan potensial inhibitorlarni aniglashda keng go‘llanadi.

Parkinson kasalligi patogenezi dopaminergik neyronlarning degeneratsiyasi, a-
sinuklein agregatsiyasi va LRRK2 hamda MAO-B fermentlari faolligi bilan chambarchas
bog‘liq (Schapira & Jenner, 2011; Poewe va boshg., 2017). Hozirgi davolash usullari
asosan simptomatik bo‘lib, kasallik rivojlanishini to‘xtatadigan samarali dorilar mavjud
emas. Shu bois yangi tabiiy va sintetik birikmalar, jumladan, alkaloidlar ushbu kasallik
terapiyasida istigbolli nomzodlar sifatida ko‘rib chigilmoqda.

Tabiiy alkaloidlar, xususan, anonain, remerin va izoremerin — o‘zlarining ko‘p
girrali farmakologik ta’sirlari tufayli neyroprotektiv, antioksidant va MAO-B inhibitori
sifatida o‘rganilgan (Juarez-Moreno va boshq., 2019; Zhang & Liu, 2018). Ularning
molekulyar tuzilishi lipofillik va membrana o‘tkazuvchanlik darajasini ta’minlab,
markaziy asab tizimiga yetib borish imkonini oshiradi.

Bundan tashqari, kichik molekulali moddalarning antineoplastik faolligi ham ilmiy
e’tibor markazida bo‘lib, ular saraton kasalliklariga qarshi yangi dori dizaynida
go‘llanmoqda (Zhang, Chen & Gueydan, 2018). Shu nugtayi nazardan, alkaloidlarning
ko‘p tarmogli biologik faolligi ularni nafagat neyrodegenerativ kasalliklar, balki boshga
kasalliklar uchun ham istigbolli farmakoforlar gatoriga kiritadi.

Xorijiy adabiyotlar tahlili shuni ko‘rsatadiki, PASS va SWISSADME kabi
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hisoblash dasturlarini molekulyar doking bilan birgalikda go‘llash, alkaloidlarning
farmakologik profillarini tez va ishonchli baholash imkonini beradi. Bu esa eksperimental
bosgichga o‘tishdan oldin istigbolli nomzodlarni saralashda muhim ahamiyat kasb etadi.

Tadgigot metodologiyasi. Tadgiqot obyekti bo‘lgan alkaloidlarning 3D
molekulyar modellari ChemDraw dasturida chizilib, Chem3D yordamida energetik
minimallashtirish bajarildi. Molekulalarning geometrik parametrlari optimallashtirilib,
ularning energetik bargaror holatlari aniglashtirildi.

Biologik faollikni prognoz qilish. Alkaloidlarning farmakologik xususiyatlari
PASS Online dasturi (Lagunin va boshqg., 2000) orgali tahlil gilindi. Har bir modda uchun
farmakologik faol bo‘lish ehtimoli Pa va faol bo‘Imaslik ehtimoli Pi giymatlari hisoblandi.
Olingan natijalar biologik ta’sir yo‘nalishlari bo‘yicha tagqoslandi.

Farmakokinetik parametrlarni baholash. Molekulalarning ADME (Absorption,
Distribution, Metabolism, Excretion) profili SwisSADME platformasi yordamida
aniglanib, lipofillik (LogP), suvda eruvchanlik, gon-miya to‘sig‘idan o‘tish qobiliyati va
organizmdagi metabolizm xususiyatlari baholandi. Ushbu bosgich molekulalarning
markaziy asab tizimiga yetib borish ehtimolini aniglash imkonini berdi.

Molekulyar doking tahlili. Alkaloidlarning Parkinson kasalligiga alogador D2
dopamin retseptori (PDB ID: 7C62) bilan bog*lanish imkoniyatlari tahlil gilindi.

Natija va muhokamalar. Ushbu dastur yordamida anonain, remerin va 1-
isoremerinlarning farmakologik xususiyatlari o‘rganildi (1, 2, 3-rasmlar).

&

1-rasm. Anonainning PASS Online dasturida yordamida olingan tahlil natijalari.
Pa
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2-rasm. Remerinning PASS Online dasturida yordamida olingan tahlil natijalari.
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o

3-rasm. 1-lIsoremerinning PASS Online dasturida yordamida olingan tahlil natijalari.

Parkinsonizmga qgarshi faollik. Remerin va Isoremerin ushbu faoliyat bo‘yicha bir
xil yuqori ko‘rsatkichlarga ega (Pa = 0,952), bu esa ularning Parkinsonizmga qarshi
samaradorligi bo‘yicha teng kuchlilikka ega ekanligini ko‘rsatadi. Anonainning ushbu
sohadagi Pa giymati nisbatan pastroq (Pa = 0,745), bu uning ikkilamchi potensialga ega
ekanligini bildiradi. Ushbu natijalar Remerin va Isoremerinni Parkinson kasalligini
davolashda istigbolli dori vositalari sifatida baholash mumkinligini ko‘rsatadi.

Neyrodegenerativ kasalliklar bilan bog‘lig faollik. Remerin va Isoremerin ushbu
faoliyat bo‘yicha yugori ko‘rsatkichga ega (Pa = 0,888), bu esa ularning neyrodegenerativ
kasalliklarni davolashda samarali ekanligini bildiradi. Anonain esa juda yagin natija
ko‘rsatgan (Pa = 0,876) bo‘lib, u ham ushbu yo‘nalishda kuchli nomzod sifatida
baholanishi mumkin.

Neyrozga qgarshi faollik. Remerin va Isoremerin ushbu yo‘nalishda yana bir bor
yugori natijaga ega (Pa = 0,876), bu esa ularning neyrodegenerativ kasalliklarda go‘llash
potensialini tasdiglaydi. Anonainning neyrozga qarshi faolligi nisbatan pastroq (Pa =
0,751), ammo u ham samarali vosita bo‘lishi mumkin. Bu natijalar ushbu uch moddaning
neyroprotektiv xususiyatlarini chugurroq tadgiq gilish zaruratini ko‘rsatadi.

Remerin va Isoremerinda yo‘talga garshi faollik gayd etilgan (Pa = 0,853), bu esa
ularni respirator kasalliklarni davolash uchun istigbolli vosita sifatida baholashga imkon
beradi. Anonain esa ushbu xususiyatga ega emas.

Nafas olishni rag‘batlantirish. Nafas olishni rag‘batlantirish bo‘yicha Remerin va
Isoremerin yuqori natijalarni ko‘rsatgan (Pa = 0,854), Anonain esa bu borada nishatan
pastroq samaradorlikka ega (Pa = 0,745). Ushbu natijalar ushbu moddalarning respirator
muammolar bilan bog‘lig davo potensialini baholash uchun go‘shimcha tadgiqotlarni talab
giladi.

Sigma retseptorlarini faollashtirish. Sigma retseptorlarini faollashtirish stress,
depressiya va neyrodegenerativ kasalliklarni davolashda muhim ahamiyatga ega. Remerin
va Isoremerin faollik bo‘yicha kuchli natijaga ega (Pa = 0,84), Anonainda esa bunday
faoliyat aniglanmagan. Bu natijalar ushbu moddalarning psixiatrik kasalliklarni
davolashda muhim rol o‘ynashi mumkinligini ko‘rsatadi. Immunomodulyator  faollik.
Remerin va Isoremerin immunomodulyator faollik bo‘yicha yuqori natijalarni ko‘rsatgan
(Pa = 0,831), Anonain esa biroz pastroq (Pa = 0,762) natija qayd etgan. Ushbu natijalar
ushbu moddalarning immun tizimiga ta’sirini o‘rganish bo‘yicha go‘shimcha tadgigotlar
olib borish zarurligini anglatadi.

Mushaklarni bo‘shashtiruvchi faollik. Remerin va Isoremerin ushbu yo‘nalishda
teng natijaga ega (Pa = 0,78), Anonain esa ushbu faollik bo‘yicha biroz pastroq (Pa =
0,746) natija gayd etgan. Bu esa Remerin va Isoremerinni mushaklarni bo‘shashtiruvchi
dori vositasi sifatida go‘llash imkoniyatini ochib beradi.

Antineoplastik faollik. Remerin va Isoremerinda antineoplastik faollik kuzatilgan,
bu esa ushbu moddalarning saraton kasalliklariga qarshi potensial dorilar sifatida
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baholanishi mumkinligini ko‘rsatadi. Anonainda bunday xususiyat aniglanmagan.

Remerin va Isoremerin biologik faolliklari bo‘yicha ko‘plab yo‘nalishlarda bir xil
yugori Kko‘rsatkichlarga ega bo‘lib, neyrodegenerativ va immun tizimi kasalliklarini
davolashda gizigarli tadgiqot obyektlariga aylanishi mumkin. Xususan, ushbu moddalar
Parkinson kasalligiga, neyrodegenerativ kasalliklarga va sigma retseptorlarini
faollashtirish orqgali stress va depressiyaga garshi samaradorlik ko‘rsatishi bilan ajralib
turadi. Shuningdek, ularda immunomodulyator, yo‘talga qarshi, nafas olishni
rag‘batlantiruvchi va mushaklarni bo‘shashtiruvchi xususiyatlar ham mavjud.

Anonain, remerin, 1-isoremerin alkaloidlarining Parkinson kasalligiga tegishli
ogsil bilan molekulyar doking tahlili. Molekulyar doking tahlili orgali anonain, remerin
va l-isoremerin birikmalarining Parkinson kasalligiga alogador asosiy ogsillar bilan
bog‘lanish qobiliyati baholanadi. Ushbu uch modda tabiiy kelib chigishga ega bo‘lib,
ularning farmakologik ta’sir doirasi hali to‘lig o‘rganilmagan. Lipofillik va suvda
eruvchanlik xususiyatlari ularning biologik membranalardan o‘tish gobiliyatini belgilaydi,
bu esa markaziy asab tizimiga yetib borish ehtimolini oshiradi. Quyida molekulyar doking
usuli yordamida anonain, remerin va 1-isoremerinning D2 retseptori (7C62 ogsili) bilan
o‘zaro ta’siri baholanib, ularning potensial Parkinson kasalligiga garshi terapevtik ta’siri
ilmiy asosda tahlil gilinadi(1-jadval).

1-jadval
Anonain, remerin, 1-isoremerin alkaloidlarining 7C62 ogsili aminokislotalari goldiglari bilan
bog¢lanish energiyalari

Ne | Anonain (kkal/mol) Remerin (kkal/mol) 1-Isoremerin (kkal/mol)
1 -7.58 -7.86 -7.25
2 -7.58 -7.86 -7.24
3 -7.58 -7.86 -7.23
4 -7.58 -7.86 -7.15
5 -7.58 -7.86 -7.15
6 -7.57 -7.86 -7.14
7 -7.57 -7.86 -7.13
8 -7.57 -7.85 -7.11
9 -7.55 -7.85 -6.97
10 -7.22 -7.85 -6.96
11 -7.46 -7.85 -6.21
12 -7.46 -7.85 -6.21
13 -7.45 -6.88 -6.20
14 -7.44 -6.03 -6.13
15 -7.36 -6.03 -6.13
16 -6.92 -6.03 -6.13
17 -6.42 -6.03 -6.13
18 -6.42 -6.03 -6.13
19 -6.42 -6.03 -6.12
20 -6.42 -6.03 -6.12
21 -6.41 -5.96 -6.12
22 -6.41 -5.96 -6.12
23 -6.41 -5.95 -6.12
24 -6.38 -5.96 -6.12
25 -6.29 -5.95 -5.43

Molekulyar doking natijalari. Anonain, Remerin va 1-isoremerin alkaloidlarining
7C62 ogsili bilan bog‘lanish energiyalarini tagqoslash imkonini beradi. Bog‘lanish energiyasi
(AG, kkal/mol) ganchalik past bo‘lsa, ligandning ogsil bilan bog‘lanish ehtimoli shunchalik
yugori bo‘ladi.

Eng samarali ligand tahlili. Remerin (-7.86 kkal/mol) eng past bog‘lanish energiyasini
ko‘rsatmoqda, bu esa uning 7C62 ogsili bilan eng kuchli o‘zaro ta’sirga kirishayotganini
anglatadi. Anonain (-7.58 kkal/mol) ham juda yaxshi bog‘lanish ko‘rsatkichiga ega, ammo
Remerindan biroz yuqorirog. 1-isoremerin (-7.25 kkal/mol) esa nisbatan yuqoriroq bog‘lanish
energiyasiga ega bo‘lib, ogsil bilan bog‘lanish intensivligi kamrog.
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Energetik o‘zgarishlar va ligandlar ta’siri. Doking natijalari shuni ko‘rsatadiki,
Remerin har doim eng past bog‘lanish energiyasiga ega bo‘lib, bu uning 7C62 ogsilining faol
markazi bilan kuchli ozaro ta’sir gilayotganini bildiradi. Anonain va 1-lIsoremerin bog*lanish
energiyasi bo‘yicha Remerindan ortda qolsa ham, -7 kkal/mol dan past energiya samarali
bog‘lanishning mavjudligini ko‘rsatadi. 1-Isoremerinning oxirgi qatorlardagi energiyasi (-6.12
kkal/mol) past bo‘lib, u 7C62 ogsilining faol markazi bilan nisbatan kamroq yaqgin
bog‘lanayotganini bildiradi.

Remerin va l-isoremerin molekulalari stereokimyoviy izomeriyaga ega bo‘lib, ular
biologik faoliyat va o‘zaro ta’sir samaradorligiga bevosita ta’sir giladi. Remerinda optik
izomeriyaning ma’lum bir konfiguratsiyasi (masalan, (R)- yoki (S)-izomer) Parkinson magsad
ogsili (7C62 protein) bilan yugori darajada mos kelishi mumkin. Bu molekulaning
stereospesifik bog‘lanishiga olib kelib, biologik faolligini oshiradi. I-Isoremerinda
stereokimyoviy konfiguratsiyaning boshga konformatsiyasi magsad ogsili bilan mos kelish
darajasini biroz pasaytiradi, bu esa uning nisbatan past biologik faolligini ko‘rsatadi.

Optik izomerlar o‘rtasidagi konformatsion farglar (axial va ekvatorial joylashuvlar)
molekulalarning energetik darajalarini o‘zgartiradi. Bu izomerlarning ogsillar bilan o‘zaro
ta’sir kinetikasiga sezilarli darajada ta’sir gilishi mumkin.

Biologik ahamiyati. 7C62 ogsili neyrodegenerativ kasalliklar bilan bog‘lig bo‘lib,
ushbu ligandlarning ushbu ogsil bilan bog‘lanish qobiliyati ularning potensial Parkinson
kasalligiga qarshi terapevtik ahamiyatga ega ekanligini ko‘rsatishi mumkin. Remerin
ogsilning faol markazi bilan eng yaxshi bog‘lanib, potensial terapevtik modda sifatida ustunlik
giladi. Anonain ham yaxshi natija ko‘rsatgan bo‘lsa-da, 1-lsoremerin nisbatan zaifroq
bog‘langan.

Xulosa. Remerin va Anonain alkaloidlari 7C62 ogsili bilan bargaror bog‘lanish hosil
gilgani sababli, ular keyingi farmakokinetik va biologik tekshiruvlarga istigbolli hisoblanadi.
Eksperimental tekshiruvlar (in vitro va in vivo tadgiqotlar) o‘tkazilishi zarur. Strukturaviy
o‘zgarishlar kiritish orgali bog‘lanish energiyasini pasaytirish va potensial dorivor ta’sirni
kuchaytirish imkoniyatlari mavjud.

Molekulyar doking natijalari shuni ko‘rsatadiki, Remerin eng samarali bog‘lanish
energiyasiga ega bo‘lib, keyingi tadgiqgotlar uchun eng istigbolli modda hisoblanadi. Anonain
ham yaxshi bog‘lanish ko‘rsatgan, lekin 1-lsoremerin unchalik bargaror bog‘lanish hosil
gilmagan. Ushbu alkaloidlar Parkinson kasalligi bilan bog‘lig ogsillarga potensial ingibitor
sifatida xizmat qilishi mumkin.
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AHHOTauus. 3HAUUTEIBHBIM JOCTIKCHHEM MOCICAHHUX JIET CTal0 IOSBICHHE HOBBIX
MOJIU(DHULIUPOBAHHBIX CTUPWIOBBIX KpacHTeNledl, B YaCTHOCTHM HAa OCHOBE OEH30THA30JIbHOTO,
XMHOJIMHOBOTO M HWHJAOJBHOTO SACp, C YAYYIIEHHBIMH CHEKTPANIbHBIMH XapaKTepPHCTHUKAMH,
MOBBIIICHHOW  CTa0WJIBHOCTBIO M CEIEKTHBHOCThIO.  CTHPUIIOBBIE  KpacUTENH  TaKKe
3apeKOMeH0BaIN ce0s Kak 3 PeKTuBHBIC 30HBI Al NCCIEJOBAHUS MOJIEKYISIPHOH TUHAMUKA U
B3aUMOJICUCTBHI B CIIOXKHBIX Cpelax — OuomoimmMmepax, MeMmMOpaHaxX, HaHOKOMITO3WTaX. B
COBPEMEHHOH HayKe W TEXHOJNOTUSX OPraHW4eCKUe KpacUTEIH 3aHUMAOT Ba)KHOE MECTO
Onarojgapsi CBOMM YHUKQJIBLHBIM CIIEKTPAIBHBIM M JJICKTPOHHBIM cBoiicTBaM. Cpemu HHUX
crupuioBbie kpacutenu (SD, ot anri. Styryldyes) BbLiensiFoTCSI BBICOKOH YyBCTBHTEIBHOCTBIO K
W3MEHEHUSIM OKPYXKAIOIIeH Cpejibl, YTO JIeNaeT UX OCOOCHHO MPHBIEKATEIBHBIMU JUISI IIUPOKOTO
CHEKTpa MPUMEHEHUH — OT ONTORJICKTPOHUKU 10 OMOCEHCOPUKHU. AKTYaJbHOCTh MCCIIEIOBAHUS
3THX COEIMHEHUI 00YCIIOBIIEHa MX CIIOCOOHOCTHIO M3MEHATH (POTOPU3MUECKHE XaPAKTEPUCTHKH
(coBUrM MakCUMYMOB IIOTJIOIIEHHMS M JIFOMMHECLEHIIMH, KBAHTOBBIE BBIXOABI, BPEMEHA >KU3HU
BO30Y)KJICHHBIX COCTOSHHI) B OTBET Ha Takhe BHEHIHHE (AKTOPHI, KaK MOJISIPHOCTEH cpeabl, pH,
WOHHasl CHJIA, IPUCYTCTBHE METAIJIOB MM OMOMOJICKY.

KaroueBasi ciaoBa. CTHPUIIOBBIE KPacHTENH, OPTaHHMYECKHE KPAaCHTENH, MOTJIOLICHUS,
CIEKTPBI 3JIEKTPOHHOIOIIOTJIOIIEHUS], CIEKTPAJIbHBIE XapaKTEPUCTUKH, MOJIEKYJIIPHBIE INHAMUKH.

STIRIL BO*YOQLARI: ERISHILGAN NATIJALAR VA KELAJAKDAGI
ISTIQBOLLAR

Annotatsiya. So‘nggi Yyillarda erishilgan muhim yutuglardan biri — bu spektral
xususiyatlari yaxshilangan, bargarorligi va selektivligi oshirilgan, yangi modifikatsiyalangan stiril
bo‘yoglarning, xususan, benzotiazol, xinolin va indol yadrolari asosidagi birikmalarning
yaratilishidir. Shuningdek, stiril bo‘yoglari molekulyar dinamikani va murakkab muhitlardagi
o‘zaro ta’sirlarni biopolimerlar, membranalar va nanokompozitlarda o‘rganish uchun samarali
zond sifatida o‘zini namoyon gilgan. Zamonaviy fan va texnologiyalarda organik bo‘yoglar
o‘zining noyob spektral va elektron xususiyatlari tufayli muhim o‘rin egallaydi. Ularning ichida
stiril bo‘yoglari (SD, inglizcha styryl dyes) atrof-muhit o‘zgarishlariga yuqgori sezgirligi bilan
ajralib turadi, bu esa optoelektronika va biosensorika kabi keng qo‘llanilish sohalari uchun,
aynigsa, muhim hisoblanadi. Ushbu birikmalarni o‘rganishning dolzarbligi ularning foto-fizik
xususiyatlarini gabul gilish va luminessensiya maksimal nugtalarining siljishi, kvant chigishlari,
zaryadlangan holatlarning yashash vagtlarini tashgi omillarga, masalan, muhitning polyarligi, pH
darajasi, ion kuchi, metall yoki biomolekulalarning mavjudligiga garab o‘zgartira olish gobiliyati
bilan izohlanadi.

Kalit so‘zlar: steril bo‘yoglar, organik bo‘yoglar, yutilish, elektron yutilish spektrlari,
spektral xususiyatlar, molekulyar dinamikalar.

BBenenne. B COBpeMEHHOM HayKe M TEXHOJIOTMAX OPraHUYECKHE KPACUTENIH
3aHMMAIOT Ba)XKHOE MECTO 0y1aro/iapsi CBOUM YHUKAJIbHBIM CIEKTPAJIbHBIM U 3JIEKTPOHHBIM
corictBaMm. Cpenu Hux ctupuioBbie kpacutenu (SD, ot anrn. Styryldyes) Boiaensitorcs
BBICOKOM YYBCTBUTEIBHOCTBI) K HW3MEHEHMSIM OKPYKAIOIIEH Cpelbl, 4TO JEJaeT HX
0COOEHHO NPUBJICKATEIbHBIMH JUIi IIUPOKOTO  CIEKTpa MNPUMEHEHHMH —  OT
ONTOAJICKTPOHHUKHU A0 OMOCEHCOPUKH[1]. AKTyaTbHOCTh UCCIIEAOBAHUS dTUX COCIMHCHUM
00yCJIOBJI€HAa MX CIIOCOOHOCTBIO M3MEHATH (OTO(PU3MUYECKUE XAPAKTEPUCTHKH (CIBUTH
MaKCUMYyMOB IOTJIOIICHUS] WU JIFOMUHECLUEHIIMHM, KBAHTOBBIE BBIXOJbI, BPEMEHa XU3HU
BO30Y)XJICHHBIX COCTOSIHUI) B OTBET Ha TaKue BHEUIHHE (PaKTOPBI, KaK MOJISIPHOCTH CPEIbl,
pH, noHHas cuia, MPUCYTCTBUE METAJIOB MJIM OMOMOJIEKyd [2].

Hayunplii  uHTEpec K  CTUPWIOBBIM  KpPacuTENIIM  OXBaTbIBa€T  Kak
(dbyHIaMeHTalbHbIE ACMEeKThl — HCCIEOBAHUE 3JIEKTPOHHOM CTPYKTYpbI, MEXaHU3MOB
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IepeHoca 3apsja U DJHEpPruM, SBICHUU BHYTPUMOJIEKYJSIPHOM IIPOTOHHOM WIH
ANEKTPOHHOM AMHAMUKH [3], — TaKk W NPUKIAJHBIE HANPaBIICHHUS, BKIOYAs: CO3/IaHUE
MaTepHAJIOB C YIPABISEMBbIMU ONTHUYECKUMHU CBOMCTBAMHU; pPa3pabOTKy ONTHYECKHUX
CEHCOPOB U (IyOPECIEHTHBIX 30H/OB; HCIOJb30BAaHHE B TEXHOJIOTHAX BH3yaJIH3alluy,
($OoTOIMHAMUYECKOM TEparmuu M ONTOMICKTPOHHKH;, NPUMEHEHHE B (DOTOXPOMHBIX H
HEJIMHEHMHO-ONTHYECKUX cUcTeMax [4].

3HAUUTENBHBIM  JIOCTHKEHUEM IOCIEAHMX JIET CTajo IOSABJIEHHWE HOBBIX
MOIUGUIMPOBAHHBIX  CTHUPWIOBBIX  KpacuTeled, B  4YaCTHOCTM Ha  OCHOBE
OCH30THA30JbHOTO, XMHOJIMHOBOIO W  HWHJAOJBHOTO  sAep, C  YIYYIICHHBIMH
CHEKTPAJIbHBIMU XapaKTEPUCTUKAMM, MOBBIIIEHHONW CTAaOMIBHOCTBIO M CEJIEKTHUBHOCTHIO
[5]. CTupuiioBbie KpacUTENN TaKkKe 3apEeKOMEHI0BAIN ce0s1 Kak A (HEKTUBHBIC 30HbI IS
UCCIIEI0OBAaHUsI MOJIEKYJSIPHOM JUHAMMKHA WM B3aMMOJCHCTBUM B CIIOXKHBIX Cpelax —
OouononuMepax, MeMOpaHax, HAHOKOMIO3UTax [6].

B TO xe Bpemsa ocCTa€rcs psX  BBI30BOB, CBS3aHHBIX C OrPaHUMYEHHOU
(oTOCTaOMIBHOCTBIO, COrTIACOBAaHUEM CBOICTB KpacuTeseil ¢ TpeOOBaHUAMHU KOHKPETHBIX
IpUMEHEHUH (HampuMep, B BOJHBIX CpeAax), a TaKke HEoO0XOIUMOCThIO TOYHOIO
yIIpaBJICHUS IEPEHOCOM 3aps/ia U YHEPTUU B KOHJICHCUPOBAHHBIX (pazax. OTBETOM Ha ITH
BBI30BBI SIBJISIETCSI COUETAHUE DKCIIEPUMEHTAIBHBIX U TEOPETUUECKHUX MOAXO0A0B, BKIIOYAs
KBaHTOBO-XMMHUYECKOE MOJIETUPOBAHUE U METOJIbl CIIEKTPOCKONMMHU HOBOI'O IOKOJICHUS
[7].

Lenp HacTosiero 0630pa — 000OIIUTH COBPEMEHHOE COCTOSIHUE UCCIICOBAaHUM B
00J1acTH CTUPWIIOBBIX KpacuTesied, 0003HAUUTh OCHOBHBIE JOCTHXKEHHMS W TEHICHLUH,
OCBETUTHh (DyHIaMEHTANbHBIE AaCMEKThl WX TMOBENEHHUs, a TaKXke MPOoaHATU3UPOBATH
NEPCIEKTUBBI IPUMEHEHNUS ITUX COCAUHEHUN B Pa3JIMYHBIX OTPACIIAX HAYKH U TEXHHUKH.

Meronuka  ucciaenoBanusi. OO0masi  XapaKTepUCTHKAa  CTHPHJIOBBIX
kpacuresieil. CTUPUIOBBIE KpacUTENM MPEACTABISIOT CO0OM Kilacc OpraHmYecKux
COCIMHEHUH, XapaKTEePU3YIOIUXCS HATMIHUEM XpOMO(OPHOW CUCTEMBI C TBOMHOM CBS3BIO
MEXJy apOMaTHUYECKUMHU WIH TeTepOoapoMaTHUECKUMH (parMeHTaMH, COEAMHEHHBIMU
gyepe3 BHHWICHOBBIH MocTuk (—CH=CH-) (Puc.l). Takas ctpykrypa obecrieunBaet
BBICOKYIO CIIOCOOHOCTb K TOTJIOLICHUIO U JIOMHHECLUEHIIMH B BUAMMOM WJIU OJMKHEM
HK-nnamnasone. XapakTepHOe CTPOCHUE BKIIIOYAET JTOHOPHO-AKIENTOPHBIE 3aMECTUTENH,
BIMSIOIIME Ha CTENEHb IMEpeHoca 3apsla NpU SJIEKTPOHHOM BO30YXIeHHH. BaxHbM
aCIEeKTOM SIBJIIETCS TJIAHAPHOCTh U CTENEHb KOHBIOTAllMM MOJIEKYJIbI, ONpenestone eé
doTodusznueckre CBONCTBRA.

R1

R2

Pucynok 1. CTpyKTypa CTUPHJIOBBIX KpacHTeeil

KitoueBble 0COOCHHOCTH ATUX COETMHEHMIA:

e HAIWYUE JIENOKAIN30BAHHONMT-AIIEKTPOHHOW CHCTEMBI, OOYCIOBIMBAOIIEH
BBICOKYIO YyBCTBUTEIILHOCTh K BHEITHUM (PU3UKO-XUMHUYECKUM (haKTOpam;

e CHEKTpaJibHasl CEJIEKTUBHOCTh U CIOCOOHOCTDH K (hTyOpeCUEHINH, 3aBUCSIIast OT
MPUPOBI TOHOPHO-AKIETITOPHBIX TPYIIIT;

e CTPYKTypHasi THOKOCTb, O3BOJISIONIAs MOIU(DUIIMPOBATH ONTHUECKHUE CBOMNCTBA
nyTéM 3aMeHbI KOHLIEBBIX Tpymn [R1, R2].

Tak, mpucoenvHEHHE O3IIEKTPOHOAOHOPHBIX rpymnn (Hampumep, —OH, —OCHs) k
apOMaTUYECKOMY KOJIBbIIY BBI3bIBA€T OATOXPOMHBIN CIBHT (CMELICHHE CIIEKTPa B CTOPOHY
JUIMHHBIX BOJIH), TOTJa Kak 3JeKTpoHoakuenTopHeie rpymmbl (—NO2, —CN) BbI3BIBAIOT
TUIICOXPOMHBIN CABUT U MOTYT YMEHbIIATh HHTEHCUBHOCTb (piryopeciieHIuH [8].

OpnuM u3 Hambosee M3yYEHHBIX MPEACTaBUTENCH CTUPUIIOBBIX KpPACUTENEH SIBISIOTCS
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CTUPHIIOCH30THA30JIbI, COACPIKAIINE TeTEPOIMKINYECKYI0 OCH30THA30IbHYIO CUCTEMY KaK
AJIEKTPOHOAKIICTITOPHBIN WM (OTOUYBCTBUTENBHBIA KOMIOHEHT. MX TNpOU3BOJIHBIE
JI€MOHCTPUPYIOT BBICOKYIO SIPKOCTh (MIIyOPECLEHIMH, XOPOIIyl (OTOCTaOMIBHOCTD U
3¢ (HEeKTUBHYIO YYBCTBUTEIBHOCTh K U3BMEHEHUSIM Cpebl [S].

IIpumepsl MoneKyir:

o BDSP (E,E-2,5-6uc(3,4-1uMETOKCUCTUPHII)TUPA3HH): CTPYKTypa Thma D-m-A-
n-D, uro obecrneuynBaeT CUJIBHBIA JOHOPHO-aKIENTOPHBIA XapakTep M 3HAUYUTEIbHBIN
0aTOXPOMHBIN CABUT (ITYOPECIICHITUHU B TTOJISIPHBIX PACTBOPHUTENSIX [9]

r 0.6
Tolune
| b4 o 0.8 —— DMSO I
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5 =% 4 | 0.4 ——CH3CN L

{ ] @ p—
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PucyHnok 2. CrieKTpbl 3J1€eKTPOHHOT0 NOTJIomeHus (cjeBa) u uday4denus (cnpasa) BDSP B pazanunbix
pacTBopuTeIAX

e LDS-751: knaccuyeckuil CTUPUIOBBIA KPacUTENb, ITUPOKO HUCIIONIB3YEMBIN st
UCCIIEIOBaHMs YIbTPaOBICTPBIX MPOLIECCOB peslakcalliy BO30YKJIEHHBIX cocTosiHuM [10].
Kpome Toro, LDS 751 — 3TO npoHMKaIOMMNA B KJIETKA KPACUTEIb HYKJIEHHOBBIX KHUCJIIOT,
KOTOpPbI MMeeT NMuK Bo30yxkaeHus npu ~543 HM Ha dsDNA u ocobeHHo mose3eH B
MHOTOLBETHBIX aHAIM3aX M3-3a €r0 JJIMHHOBOJIHOBOTO MaKCHMyMa HCIycKaHusi (~712
HM). CesspiBanne LDS 751 ¢ dsDNA mnpuBogut k ~20-KpaTHOMY YCHIJICHHIO
(hTyopeceHITIH.

(CH )N
3’2
N CH=CH —CH =CH —Q—N (CH3),

'
C 20H3

\ /

I+

Pucynok 3. CrpykrypHas Gpopmyna kpacutens LDS-751 (6-(aumermnamuno)-2-[4-[4-
(mumeTunamuno)henm|-1,3-0yraaueH- 1-wmi |- 1-3THIXUHOTUHUM, MOHOTIEPXJIOpAT)

Posb 1e10KaIN30BAHHBIX T-3JIEKTPOHOB B (DOPMHPOBAHHM CHEKTPAJIBHBIX
cBoiictB. Comnpspk€HHasE — m-CHCTeMa  SIBJISIETCS  OCHOBOM it (hOpMHUPOBAHUS
BO30Y)KJICHHBIX AJIEKTPOHHBIX COCTOSIHUN B CTUPUIIOBBIX KPACUTEIISAX. Y BEJINUCHUE ITTMHBI
T-CUCTEMbI CIOCOOCTBYET CHIIKEHHUIO SHEPreTHYECKOro 3a30pa MEKIy OCHOBHBIM U
BO30Y)XJICHHBIM COCTOSIHHEM, YTO NPUBOJUT K CMEUICHUIO MAaKCHUMyMa IIOTJIOIICHUS B
BunuMYyto uinu ommkHor UK-o6macts [3].

Hannuue conpsok€HHBIX CBSI3€M MEXKIY NOHOPAMH M aKUENTOPAaMM JJIEKTPOHOB
co3ma€T  yCIOBUS  JUISI  BHYTPUMOJIEKYJsipHOro  mepeHoca 3apsga (ICT  —
IntramolecularChargeTransfer), mposBisitorerocss B~ M3MEHCHHH  CHEKTPAJIbHBIX
XapaKTEPUCTUK B 3aBHCUMOCTH OT IMOJSIPHOCTH cpeapl. Takue SBICHHUS MIHPOKO
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IPUMEHSIOTCS B CEHCOPAaX, ONTORJIEKTPOHUKE U Ouodoronuke [11].

Knaccuueckumu  npumepamu  siBasitorcss  D-n—A-cuctembl, B KOTOPBIX
ANEKTPOHOOHOpPHAs rpynna (D) coequHeHa yepe3 M-MOCTUK C 3JEKTPOHOAKLENTOPHOU
rpynnoii  (A). Takasg cTpykTypa o0ecrieunBaeT BBICOKYIO YYBCTBUTEIBHOCTb K
MOJIIPHOCTHU CPebl M U3MEHEHHUSIM KOH(PHUrypanuu Moiaexyisl [12].

Jlenokanu3oBaHHasi T-3JEKTPOHHAs CHUCTEMa, OXBAThIBAIOIIAs apOMaTHYECKHE
KOJIbLIA M JIBOMHBIE CBSI3M, UTPAECT KIIOYEBYIO POJIb B CHEKTPAIbHBIX XapaKTEPUCTHUKAX
CTUPWJIOBBIX KpacuTenel. Jlernokanuzauusn-31eKTpOHOB 00ecTeunBaeT CTaOMIH3aINIo
OCHOBHOTO M BO30YXICHHOTO COCTOSHHM, YMEHBIICHHE JHEPreTHYEeCKOTo 3a30pa
(HOMO-LUMO) u caBur ChHekTpa IMOTJIONIEHHS B JUIMHHOBOJHOBYIO 00JIacTh
(6aToxpomubIii 2P dexT). NHTEeHCHBHOCTh MEPEXO00B TAKXKE OMPEAEISeTCS CUMMETpHEH
MOJICKYJIBI U CTETIeHbI0 cMemuBaHusa ¢ Rydberg-opOurtansmMu wim n—n* mnepexomaamu ¢
y4acTHUEM IeTepOaTOMOB.

Hanpumep, UHI0bHBIE CTUPHIIOBBIE KPACUTENIH: IEMOHCTPUPYIOT 3HAYUTEIIbHYIO
JEJI0KaIN3aLUION-3JIEKTPOHOB, 4YTO HNPHUBOAUT K BBICOKOM T'MIEPIOJIIPU3YEMOCTH U
3¢ (HEeKTUBHBIM HEIUHEHHO-ONTHYECKUM CBOMCTBaM; CTUPUIIOBBIE KPAaCUTENU C JOHOPHO-
AKLENTOPHOMN CTPYKTYpPOW: 00J1aaloT BBICOKOM MepBOM u BTOpOM
TUNEPIONIAPU3YEMOCThI0  Onarofaps CHIBHO  JEJOKAJIW30BaHHBIM  T-3JEKTPOHHBIM
cucrtemam. [13].

Pe3yabTaThl M HX 00Cy:KIEHHE.

OcHoBHbBIE BO30Y KIeHHbIE COCTOSTHUSI M X PeJIaKCALHA.

Bo30OyxneHHble  COCTOSHMS ~ CTHPWIOBBIX  KpacuTene  GopMupyroTcs

MPEUMYIIECTBEHHO 3a CUYET T—T* HIEKTPOHHBIX MEPEX0JI0B, KOTOPhIE XapaKTEPU3YIOTCS
BBICOKOW HWHTCHCHBHOCTBIO W 3aBHCAT OT JJIUHBI COMNPSOKEHHUS U paclpeesieHus
ANIEKTPOHHON IUIOTHOCTH B MoJIeKyje. B OONBIIMHCTBE CiIy4aeB OCHOBHBIM SIBIISIE€TCS
MEpBBIA  CUHTIIECTHBIA BO30YXKACHHBI ypoBeHb (Si), € KOTOpPOTO MPOUCXOAMT
(dryopecteHIus.
Oco0eHHOCTBbIO MHOTUX CTHUPHIIOBBIX CHUCTEM SIBIISETCS CIIOCOOHOCTH K 3(PPEKTUBHOMY
BHyTpUMOJIeKyIsipHOMYy TiepeHocy 3apsaa (ICT) B Bo30yXIEHHOM COCTOSIHHUH, YTO
COMPOBOXKAACTCA TepepaclpeeNiEHUEM dIIEKTPOHHON IJIOTHOCTH MEXIY ITOHOPHOU u
aKLENTOPHOM YacTAMU MOJeKysbl. Takoil mpouecc MOXET IPUBOAUTh K 3HAYUTEIIbHBIM
0aTOXpOMHBIM CIBUTAM CHEKTPOB (DIyOpECHEHIMH B MOJSPHBIX CpPeAax, YMEHBIICHUIO
KBaHTOBOT'O BBIX0JIa M YBEJIMUEHHUIO BPEMEHU JKU3HU BO30YKIAEHHOTO COCTOSHUSI.

Kpome Toro, B 3aBUCUMOCTH OT CTPOEHHUS MOJIEKYJbl, MOXET HaOII0AaThCs
Tayromepm3anys, BpameHue BOKpyr cBs3u C—C, o0Opa3oBanme BO30YXICHHBIX
conpsok€nnbix  cocrosHmii  (TICT —  twistedintramolecularchargetransfer), kotopeie
CIOCOOCTBYIOT pejlaKkcalliy 3Hepruu 0e3 m3nydeHus. DTH KaHallbl peslakcallid 0COOEHHO
BBIp@)XEHBl B TMOJSPHBIX pACTBOPUTENIAX W TPH TOBBIIIEHHBIX TEMIeEpaTypax.
@OyopeclieHTHbIE XapaKTEePUCTUKNA YYBCTBUTEIBHO 3aBHUCST OT: IUIAHAPHOCTU MOJIEKYJIbI
B BO30YXIEHHOM COCTOSHUH; BO3MOXHOCTH oOpaszoBanusi coctosuuii TICT;
KoH(popManMoHHOM THOKOCTH (B YaCTHOCTH, BOKPYT BHHWJICHOBOIO MOCTHKA);
B3aUMOJCHCTBUSA C OKpyXKawlled cpenodt (BkiIoYass BOJAOPOJIHBIE CBSI3U U
MEXMOJIEKYIIIpHbIe B3auMoaeicTBusi). C yMEHbIIEHUEM IUIAaHAPHOCTU U IIPU NEpexojie B
Kpy4€HOE COCTOSIHHE, (IIyOpEeCUEHIIMS MOXET 3HAYMTEIbHO OCIA0NATHCS BIUIOTH [0
MOJIHOTO rameHus. B atom ciydae sHeprusi Bo30yXIEHHOTO COCTOSIHUS PACCEUBAETCs 10
BHYTPEHHUM CTEHEHSIM CBOOOJIBI MOJEKYJbl (BUOPAallMOHHBIM M BpalaTeIbHBIM) 0Oe3
ucnyckanusi porona. C apyroil CTOPOHBI, PUKCALUS MOJEKYJIbl B MaTpULE WIN KECTKON
cpene (Hampumep, B HOJIMMEPE MM B KPUCTAJUIMYECKOW PEIETKe) MOXKET OJIOKMPOBATh
BpallleHHe ¥ KOH(opMalMOHHBIE KoyieOaHus, 4TO BEIET K YBEJIWYCHHIO KBAHTOBOIO
BBIX0J1a (PITyOPECUEHIIMU M CTAOUIBHOCTH BO30YKICHHOTO COCTOSHUSI.

Bo3Mo)kHbIE MeXaHU3Mbl pellaKCalluy: BHYTPUMOJEKYJSIpHAs pelakcaius ¢
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obpazoBanuem coctossHuii TICT, mnpuBonsmias K CHIDKEHHIO KBAaHTOBOTO BBIXOJIA;
uHtepcucremMHoe  nepecedenne  (ISC) B mpuCyTCTBUM — TSDKENBIX ~ aTOMOB,
COIIPOBOKAAOIIEECS TeHEpallueil TPUILUIETHBIX COCTOSHUI; (hIIyopecieHIus ¢ 3a/1ePIKKOi
(delayedfluorescence) B  HEKOTOPBIX TMPOW3BOJIHBIX, OOYCJOBJICHHAasS OOpaTHBIM
nepexonoM Ti1 — Si.

Takum o00pa3oM, pellakCallMOHHBIE TPOLIECCHl B CTUPWIIOBBIX KPACHUTENSIX
ABJIAIOTCS.  KJIIOYEBBIMM JUUI1 IOHMMAHUS UX CIEKTPaJbHBIX XapaKTEpPUCTUK U
YYBCTBUTEIBHOCTH K OKpYXKarolle cpeae. YNpaBieHHE 3TUMHU MPOIECCaMH MO3BOJISET
co3aBaTh (DIyopecIieHTHBIE 30HIBI C 3aJaHHBIMH CBOWCTBAMH I OHMOJIOTUYECKHX,
MEUIMHCKUX U MaTepraJoBeTIECKUX MPUMEHEHUH.

CnexkTpajbHble CBOMCTBA CTHPWJIOBBIX Kpacuresei. Iloriomenue wu
dayopecuenuuss B Y D-BuaumMoii 001acTu.

CTupuiioBele KpacUTENH JIEMOHCTPUPYIOT MHTEHCUBHBIE IOJIOCHI MOTJIOLIEHUS B
YO-Buaumoit 001acTi, 0O0YCIOBICHHBIE T—T* IMepexolaMH B JIEITOKATU3UPOBAHHOMN
cUcTeME CONPSHKEHHBIX CBs3eil. [[om0KeHre moI0Chl MOTJIOMIEHU MOXKET BapbUPOBATHCS
oT 300 no 600 HM B 3aBUCUMOCTH OT DJICKTPOHHOH CTPYKTYPbI, JJIMHBI CONPSHKEHUS U
HaJIMYUS 3JIEKTPOHOJOHOPHBIX WM JIEKTPOHOAKIETITOPHBIX 3aMECTUTEIIEH.

OnyopeclieHIIMS ITHX KpacuTened Takke OObIYHO HAOMIONAeTCsl B BUANMOMN

obmactu (OT TONMYOOrO0 MO KpacHOTO JaWamna3oHa). PasHHIa Mexay MaKCHMyMaMH
MOTJIONIEHUST M HU3JIy4eHUs (CTOKCOBAaCMEMIEHHOCTh) HaéT HMH(OpPMALHUIO O CTENeHU
NepepaclpeieieHuss JJIEKTPOHHON IUIOTHOCTH M TE€OMETPUYECKOH pellakcaluud B
BO30Y>KIEHHOM COCTOSTHUU.
Monekynbl ¢ CHIBHO BBIPRXKEHHBIM BHYTPHUMOJIEKYJISIpHBIM IepeHocoMm 3apsga (ICT-
3¢ (heKToM) AEeMOHCTPUPYIOT OoJee IIUPOKHE U CUJIIBHO CIABUHYTHIE (IIyOpECIICHTHBIE
MOJIOCHI, OCOOCHHO B TIOJISIPHBIX PAcTBOPUTENAX. KBaHTOBBIN BBIXOI (IyOpEeCIEHITUH
BapbUPYET OT O4YEHb BBICOKOTO (60see 0.9) 1o mpakTHUYECKHU HYJIEBOTO, B 3aBUCUMOCTH OT
CTPYKTYPHBIX (PAKTOPOB M YCIIOBHIA CPEIBI.

BiinsinMe CTPYKTYPbI M PACTBOPHUTEJIS HA CIIEKTPaJbHbIEe XapPAKTePUCTHKH.

CrniekTpanbHble CBOMCTBA CTUPWIOBBIX KpacuTeNIed TECHO CBSI3aHbl KaK C HX
ANEKTPOHHON CTPYKTYpOH, TaK U C BHEIIHUMHU (aKTOpaMH, B TIEPBYIO OuUepelb — C
MIPUPOJION pacTBOpuUTENsl. BiusHue cTpyKTYphl NPOSBISETCS B U3MEHEHUH IOJIOKEHUS U
(GbOpMBI MOJIOC TOTJIOMICHUST U (DIyOpPEeCUeHIINA, THTEHCUBHOCTH H3JIYYECHHS, BETUYHHBI
CTOKCOBOTO CJBUTa M KBaHTOBOTO BbIXxoAa QuyopecueHund. OCOOEHHO 3HAYMMBIM
ABJIAETCS BIUSHUE JTOHOPHO-AaKLIEITOPHON aCUMMETPHH, CTENIEHU CONPSKEHUS TT-CUCTEMBI
U IPOCTPAaHCTBEHHOM OpraHU3alui MOJIEKYJIbI.

BnusiHue  9nekTpoHHOM — CTPYKTYpbl:  JIOHOpHO-akLenTOpHas  aCHUMMETPHs
ycunuaeT ICT u npuBoauT K 6aTOXpPOMHOMY CABUTY IOIJIOIIEHUS U (PIIyOpECLIEHLINN;
VYinuHeHue m-CUCTeMbl (HampuMmep, A00aBiIeHHE apOMaTHUECKUX (ParMeHTOB WIIU
YAJMHEHNE BUHUJIEHOBOTO MOCTA) CMEIAET CIEKTPhI B KPACHYIO 00/1acTh; 3aMECTUTENH B
OpPTO-TIOJIO’KEHUM MOTYT OKa3blBaTh CTEPUYECKOE BIMSHME, CHWXKAs IUIAHAPHOCTb U
bayopecnenuto [15].

[onsipHOCTH pacTBOpUTEINIE KPUTHYECKU BIUSET HAa CIEKTPhl, OCOOCHHO IpHU
Hammunn ICT [16]. Ilpum mepexone OT HEMNOJAPHBIX K MOJSPHBIM PaCTBOPUTEISAM
HaOmoAaoTCsA:  OaTOXPOMHBIA  CABUT  IOJIOCHI  (IYOPECLEHIMH, CBS3aHHBIA  CO
crabmimm3anueid 0ojiee MOJIAPHOTO BO30YKIEHHOTO COCTOSIHUS; YBEIMYECHHE CTOKCOBOTO
C/IBUTa, OTpakarollee IMepepacrpeielieHue 3JIEKTPOHHON IUIOTHOCTU MPH BO30YKICHUM;
U3MEHEHHE HWHTEHCUBHOCTU (IyOpECUEHIINH, 3aBUCSIIEE OT COOTHOUICHHS MEXAY
panMaTHBHBIMM M Oe3paJMallMOHHBIMU KaHaJlaMU peJlakcaluu.  Takoe IOBeAeHue
U3BECTHO KaK COJBATOXPOMHU3M, KOTOPBIM MOXET OBITh KaK MOJIOXKUTEIbHBIM (CABHUT B
KpacHyl0 O00JIaCThb MpH YBEIMUYEHHH IMOJISIPHOCTH), TaK M OTPUIATEIBHBIM (pexe
BCTPEYAETCS U XapaKTepeH Jyis MoJiekyn ¢ mHBepcHbIM ICT).
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Kpome monsipHOro B3auMOJECHCTBHSA, BO3MOXHBI CHEIHU(PUUECKUE XHUMHUYECKHE U
¢buznueckue 3¢ (HeKThl, BIUSIONUE HAa CIIEKTPaJIbHbIE CBOWCTBA:

OOpazoBaHne  BOAOPOJHBIX  CBSI3CH [17]. [IpoToHOIOHOPHBIE WM
MIPOTOHOAKILIETITOPHBIE TPYMMbl KpacuTeNlss MOTyT BCTyNaThb BO B3aUMOJEHCTBHE C
pacTBopuTelieM (HampuMep, CIUPTAMH, BOJOH), CTAOWIM3UPYs OmpenenéHHble (GOopMbI
KaK B OCHOBHOM, TaK U B BO30Y>KJ€HHOM COCTOSIHMM. DTO NPUBOAUT K JOIOJIHUTEIbHBIM
C/IBUTaM MaKCUMYMOB MJIM U3MEHEHHIO (POPMBI IOJI0C.

Crabunmszarnms cocrosamii  Tuma TICT  (Twisted Intramolecular Charge
Transfer).monsipuoit cpene Bo3moxkHO ¢opmupoBanue TICT-cocTosHHMSI, B KOTOpOM
IPOMCXOIUT TOPCHOHHOE BpAILEHHE JOHOPHOrO (parMeHTa M 00pa3oBaHUE MEHee
COTPSDKEHHOM, HO OoJiee OJsIpHON (HOpMBI BO30YKIEHHOTO COCTOSHUS. Takoe cocTosHUE
MOJKET: BBI3bIBAThH TalllcHHE (DIyOpPECLEHLUH; MPOABIATHCS KaK OTAEIbHBI MaKCUMYyM B
CIIEKTPE; UMETh XapaKTEPHYIO 3aBUCUMOCTh BPEMEHHU KHU3HU OT HOJSPHOCTU CPEJIBI.

N3meHeHne KoHOQUrypanuu MojeKyibl.B BI3KMX WM CHIBHO KOOPAMHUPYIOIINX
PacTBOPUTENAX MOXKET OTPAHMUYMBATHCS IOABM)KHOCTH OTIEIBHBIX 3BEHBEB MOJIEKYIIBI,
YTO BJIMSET HAa CIOCOOHOCTH K (POPMUPOBAHUIO TUIAHAPHOM MM CKPYYEHHOH CTPYKTYpHI B
BO30Y)XJIEHHOM COCTOSTHUMOOpa30BaHHE BOJAOPOAHBIX CBSI3€H; N3MEHEHHE KOH(MUTYpAITUH
MOJIEKYJIbl; CTaOMIM3anus onpeAeaEHHbIX GOopM BO30YXKAEHHOTO COCTOSIHUS (Hampumep,
TICT) [18].

B3auMocBsI3b MekKaAy CHEKTPaJbHBIMH CBOMCTBAMM UM JJIEKTPOHHOM
CTPYKTYPOH.

CrnekTpanbHble XapaKTEPUCTUKUA CTUPWIOBBIX KPACUTENIECH SBISIOTCSA IPSAMBIM
OTPAKECHUEM UX 3JIEKTPOHHOU CTPYKTYypbl. OCHOBHBIE IPOLECCHI, HAOJIOJaEMbIE B
CHEKTpaxX [MOTJOoWEHUsT U  (IyopecUeHIUH, CBS3aHbl C MEepexoJaMu  MEXIy
MOJIEKYJISIPHBIMH OpOMTAaJIsIMHU, B MEPBYIO odepear Mexay Boicuieid 3ansto (HOMO) u
Husmed HezansaTod (LUMO). Metoankyn KBaHTOBO-XMMHYECKOIO MOJEIUPOBAaHHUSA, B
gactHocTH DFT m TD-DFT, cranm HEoTheMIEMBIM HHCTPYMEHTOM B HHTEPIPETALMH
3TUX sBJICHUM [19]U TMO3BOJIAIOT KOJHUYECTBEHHO OLICHUTh: JHEPreTHUYECKUN 3a30p
HOMO-LUMO, koTopslii HampsiMyr0 ONpeAeseT JJIUHY BOJHBI TOTJIOMICHUS W 4YacTO
KOppEeIUpYeT C OKpPacKOM COEJUHEHMS; JEOKAIM3alUION-IIEKTPOHOB 10  BCEH
XpoMOGOpHOH cUCTeMe, KOTOopas CHOCOOCTBYET CTaOMIM3aluM  BO30Y>KIEHHOTO
COCTOSIHUSI W BIMSET HAa WHTEHCUBHOCTh (DIYOPECUEHIUH; IepepacipeiesieHue
AJIEKTPOHHOHN IJIOTHOCTH IPH NEepexojie B BO30YXKIEHHOE COCTOSIHHME (aHAJIU3 Pa3HOCTU
pacnpenenennii HOMO u LUMO); aumoiapHBIE MOMEHTBO BO30Y>KICHHOM COCTOSHUH,
KOTOPBbIM pEe3KO BO3pacTaeT NpU HAIWYUU SPPEKTUBHOIO BHYTPEHHSIMOJEKYISPHOTO
nepenoca 3apsiaa (ICT).

CrnenoBarenbHO, DJIEKTPOHHASA CTPYKTYpa CTUPHWIOBBIX KPACUTEIEH, a MMEHHO UX
JOHOPHO-AKLENTOPHAsT CHUMMETpPHsI, CTENECHb JEJIOKAIU3ALUUT-IIEKTPOHOB, XECTKOCTh
MOJIEKYJISIPHOTO Kapkaca U KOH()OpMaIlMOHHAas! MTOABHKHOCTb SIBJISIOTCS ONPENEISFOIIUMU
dakTtopamy, (GOPMUPYIOIIMMHU HX CIHEKTPaJbHbIE CBOMCTBA, BKJIIOYAs IOJOXKEHHE MU
MHTEHCUBHOCTbH I10JIOC MOIJIOIIEHUS U (IyOpeCclieHInH, HelnHui. ['1y0okoe noHuManue
ATHX B3aMMOCBSA3€H MO3BOJISIET 1LI€J€HANPaBICHHO KOHCTPYUPOBATh HOBBIE KPACUTENH C
3aJJaHHBIMU OINTHUYECKUMH XapaKTEPUCTHKAMH Ui HYX A (OTOHUKH, OMOMEIULIUHCKON
BU3yaJIN3aliH, HEJIMHEWHONW ONITUKU U CEHCOPUKHU.

3akaoyenue. CTUPUIOBBIE KPACHTENH MPEACTABISIOT COOON YHUKAJIBHBIA Kiacc
OpPraHUYeCKUX COCIMHEHHH, COYeTaloUMX B ce0e BBICOKYIO YYBCTBUTEIBHOCTh K
U3MEHEHUSAM OKpPYKAIOLIEH cpeabl, HAcTpauBAaeMble CIEKTpaJbHbIE CBOICTBA U
CIIOCOOHOCTh K CTPYKTYpHOU Momudukanuu. B TedueHHe MOCHEeNHUX ACCATHICTHH OHU
CTaJll BaXXHBIMM OOBEKTAMHM HCCIIEOBAaHMM B o00sacTH (pU3MUYECKOW OpraHuYecKou
XVMHH, ONITUKHU U MaTEPUAJIOBEIECHUS.
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AHanu3 NUTEpaTypHBIX JAHHBIX MOKa3bIBAE€T, YTO OCOOEHHOCTU HJIEKTPOHHOMH
CTPYKTYpbI U THHAMHUKH BO30Y)XIEHHBIX COCTOSHUN CTUPUIIOBBIX KpacUTeeH HampsMyro
ONPENeNAI0T MX CHEKTPAJIbHbIE XAapaKTepPUCTHKH, B YAaCTHOCTH HHTEHCHBHOCTb
JIOMUHECLEHIIMM, YYBCTBUTEIBHOCTh K HOJSPHOCTU Cpelbl, (OTOCTAOMIBHOCTh U
BO3MOXKHOCTb (DOTONEPEKIIOUEHUS. IJTO TO3BOJISIET MCIOJIB30BaTh MX HE TOJIBKO B
KayecTBe OOBEKTOB (DYHIaMEHTAJbHBIX MCCIENOBAaHMNA, HO M KaK (YHKLIHUOHAJbHbIE
KOMIIOHEHTbI B TaKUX MPUKIAIHBIX CHCTEMaxX, KaK CEHCOpPbI, OMOMapKephl, 3JIEMEHTHI
OpPraHMYECKOH 3JIEKTPOHUKU U (POTOHHBIE MaTEPUAJIbL.

CoBpemMeHHbIE  JOCTHXKEHMsI B 00JIaCTU  CHUHTE3a, CIEKTPOCKONHUU U
TEOPETUYECKOT0 MOJEIUPOBAHUS 1al0T BO3MOKHOCTh TOHKOM HAacCTPOMKM CBOMCTB 3THX
KpacuTelled Moj KOHKpeTHble 3anayd. OcoOblii MHTEpEC MpPeICTaBIsIOT TUOpUIAHbBIE
CHCTEMBI, B KOTOPBIX CTUPWIOBBIE ()parMeHTHI B3aMMOACHUCTBYIOT C HAaHOCTPYKTYpaMH,
MOJIMMEPAMHU U OMOMOJIEKYIIaMH, OTKpBbIBast NEPCTIEKTUBbI CO3/1aHUSA
BBICOKOUYBCTBUTENIBHBIX ~ CEHCOPHBIX  IUIATGOpM,  YHpPaBIseMbIX  (DOTOAKTUBHBIX
MaTEpHUAJIOB U MOJIEKYIISIPHBIX JIOTHUECKUX YCTPONCTB.

Taxum 06pazom, CTUPUIIOBBIE KPACUTENIN MPOJI0JDKAIOT 3aHUMATh BaKHOE MECTO B
COBPEMEHHBIX HCCIEIOBaHMAX Ojarogaps CBOEH YHHUBEPCAIBHOCTH M IIMPOKOMY
MOTEHIMaNy mnpuMeHeHus. OXHIaeTcs, YTO MJalibHeWIee pa3BUTHE H3TOW 00IacTH
OpUBEAET K TMOSBICHUIO HOBBIX (DYHKIMOHAJIbHBIX MaTEpUaloOB U TEXHOJIOTHH,
OCHOBAHHBIX Ha YIPABJIEHUHU 3JEKTPOHHBIMHU U ONTHYECKMMH CBOMCTBAMM OPraHUYECKUX
MOJIEKYI.
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Annotatsiya. Stachybotrys chartarum zamburug® shtammini Mandels ozuqa muhitida
o‘stirib 13,22- dimetoksistachibotrin alkaloidi ajratib olindi. 13,22- Dimetoksistachibotrinning
sirka angidrid bilan 1:2 mol nisbatlarda olinganda O- diatsetatli birikmalari hosil bo‘ldi. Reaksiya
jarayonlariga erituvchilarning tabiati ta’siri o‘rganilgan va ushbu reaksiyalar uchun nisbatan qulay
erituvchi piridin ekanligi aniqlandi. Xrom angidrid ta’sirida ikkilamchi spirtning oksidlanish
jarayoni mexanizmi o ‘rganildi.

Stachybotrys chartarum zamburug‘idan olingan alkaloid va hosilalarini ajratib olishda
ekstraksiya, organik sintez, I1Q, *H, *C YaMR, 2M YaMR 'H-'H korrelyatsion ROESY usullari,
2M YaMR !H-BC korrelyatsion HMQC, HMBC usullari, rentgen tuzilish tahlil usuli, mass-
spektrometriya usullari hamda yuqori samarali yupqa gatlamli xromatografiya, yuqori samarali gaz
— suyugqlik adsorbsion xromatografiya usullari qo‘llanilgan.

Kalit so‘zlar: Stachybotrys chartarum, sirka angidrid, piridin, terpenoid, benzol halqga,
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geminal, korrelyatsiya, xrom angidrid, sirka angidrid, nukleofil reagent, uglerod atomi.

MODIFICATION AND SPECTRAL ANALYSIS OF THE ALKALOID 13,22-
DIMETHOXYSTACHYBOTRYNE ISOLATED FROM THE FUNGUS
STACHYBOTRYS CHARTARUM

Abstract. The alkaloid 13,22-dimethoxystachybotryne was isolated by growing the fungal
strain Stachybotrys chartarum on Mandels' nutrient medium. When 13,22-dimethoxystachybotryne
was treated with acetic anhydride in a 1:2 molar ratio, O-diacetate compounds were formed. The
effect of the nature of the solvents on the reaction processes was studied and it was found that
pyridine was a relatively favorable solvent for these reactions. The mechanism of the oxidation of
secondary alcohols under the influence of chromium dioxide was studied.

In the isolation of alkaloids and derivatives from the fungus Stachybotrys chartarum,
extraction, organic synthesis, IR, 1H, 13C NMR, 2M NMR 1H-1H correlation ROESY methods,
2M NMR 1H-13C correlation HMQC, HMVS methods, X-ray structural analysis method, mass
spectrometry methods, as well as high-performance thin-layer chromatography, high-performance
gas-liquid adsorption chromatography methods were used.

Keywords: Stachybotrys chartarum, acetic anhydride, pyridine, terpenoid, benzene ring,
geminal, correlation, chromic anhydride, acetic anhydride, nucleophilic reagent, carbon atom.

Kirish. Stachybotrys chartarum shtammining etiologik roli aniglangandan so‘ng
1938-yilda keng tarqalgan ot kasalliklarida [1; c. 125], «H-3» (noma’lum ot kasalligi)
staxibotriotoksikoz deb nomlandi. Otlarga Stachybotrys chartarum shtammini ta’sir etgan
ozugada hosil bo‘lgan va keyinchalik staxibotriotoksinlar deb ataladigan moddalar
tomonidan katta zarar yetkazish birinchi marta 1931-yilda Ukrainada qgayd etilgan. 1937-
1940- yillarda ushbu kasallik geografik kengaydi. Bundan tashqari Stachybotrys
chartarum shtammi Moldaviya, Boshgqirdiston, Sharqiy Sibir, Ruminiya, Polsha,
Slovakiya va Vengriyani qamrab olgandi [2; -¢c 56-59-b], [3; p-98].

Qoramol, qo‘ylar, cho‘chqalar, quyonlar, itlar va tovuqlar amaliyotda
staxibotriotoksikoz bilan kasallanadilar. Barcha holatlarda hayvonlarda o‘tkazilgan
tajribalar halokatli bo‘lganligi aniglangan. Biroq otlarda bu kasallik ko‘proq ta’sir
etganligi adabiyotlarda bayon etilgan [4; -c. 91-93].

Tadqiqot metodologiyasi. Stachybotrys chartarum zamburug‘i O‘zbekiston
Respublikasi Fanlar akademiyasining Mikrobiologiya institutida zaharli zamburug’
shtammlari kolleksiyasidan olingan bo‘lib, zamburug‘ni Mandels va Chapek ozuqa
mubhitida o°stirib ikkilamchi metabolitlari o‘rganildi.

Stachybotrys chartarum zamburug® shtammini Mandels ozugqa muhitida o‘stirib
13,22- Dimetoksistachibotrin (I11) alkaloidi ajratib olindi va uning fizik-kKimyoviy
konstantalari C27H39NOs, suyuq.tem. 225° (MeOH), R+=0,58.(YUQX, silufol, 11 sistema),
[0]p?*-13,4 + 2°(c 0,8; CHCl3-MeOH, 1:1) aniglandi.

Tajribalar davomida 13,22- dimetoksistachibotrinning sirka angidrid bilan 1:2 mol
nisbatlarda olinganda O- diatsetatli birikmalari hosil bo‘ladi. Reaksiya jarayonlariga
erituvchilarning tabiati ta’siri o‘rganilgan va ushbu reaksiyalar uchun nisbatan qulay
erituvchi piridin ekanligi aniglandi. Reaksiyalar quyidagi tenglama bo‘yicha boradi.

0
H,CO N
OCH; H5CO OCH

O 2(CH;C0)0 3

S 4+ 2CH;COOH
HOY Piridin

H;COCO"

111

Bu jarayonda azot atomi bilan bog‘langan gidroksil guruhi nukleofil reagent, sirka
angidrid esa substrat hisoblanadi. Reaksiyada erituvchi sifatida piridin qo‘llanildi.
Elektronlarga boy bo‘lgan azot atomi bog‘langan gidroksil guruhi sirka angidriddagi
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musbat zaryadlangan uglerod atomiga nukleofil ta’sir etadi va oraliq mahsulot hosil
bo‘ladi. Hosil bo‘lgan oraliq mahsulot molekulasidagi azot atomiga bog‘langan gidroksil
guruhidagi vodorod atomining kislorod atomiga ko‘chishi hisobiga yangi oraliq mahsulot
vujudga keladi. Ushbu oraliq mahsulotdan sirka kislotani ajralishi hisobiga 3-O, 24-O-

diatsetat -13,22-dimetoksistaxibotrin (XI) sintez qilinadi.
Reaksiyalar nukleofil almashinish mexanizmi bo‘yicha

_CHj;
OCH
3 30 \/\ / \ @
OCH;
. X
HO
//
H;C e} C
/T CcH
(@] Nw—_"—0 3
N~ __— CH;O
H;CO O OCH;
OCH;3 SO + 2HX
~O
N\ —
AcO c—C° X = CH3;COO

boradi:
Olingan 30, 240-diatsetat -13,22-dimetoksistaxibotrin (XI) birikmaning element

tarkibi Cs31H42NOs va Rg=0,33. ekanligi aniqlandi. 30, 240-Diatsetat -13,22-
dimetoksistaxibotrin birikmaning IQ-spektrida quyidagi ma’lumotlar (KBr, v, sm™): 1765;
1745; 1696; 1615; 1460; 1417; 1386; 1369 aniglandi. Mass-spektri ma’lumotlariga ko‘ra
m/z (%): m / z (%): M + 556 (50), 540 (25), 525 (100), 509 (9.2), 496 (13.1), 480 (5.3),
410 (7.8), 397 (6.9), 334 (6.9), 316 (2.6), 284 (5.3), 256 (19.7), 129 (35.7), 107 ( 15.7), 97
(36.8), 91 (18.4), 83 (27.6), 73 (42.1), 69 (65.8), 55 (100)diatsetatli hosila ekanligi
ko‘rsatildi.

I va XI moddalarning *H YaMR spektrlarining qiyosiy tahlili shuni ko‘rsatadiki,
diatsetat XIning *H YaMR spektrida bitta protonli triplet signalning 4.56 m.u.da namoyon
bo‘lishi asetoksil guruhidagi proton geminal holda birikkanligini ko‘rish mumkin.
Shuning uchun tegishli gidroksil guruhi ikkilamchi uglerodga joylashganligini va 13,22-
dimetoksistaxibotrinning **C YaMR spektrida 74,82 m.u.da signalning namoyon bo‘lishi,
bu signal ikkilamchi karbonilli uglerod atomi borligini tasdiqlaydi.

|
I
\

e KON 0.0 AJ\ Fo.02

........... |

30 29 28 27 26 "HM‘(}N‘-{” 1 to.00
1 ()
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3- rasm. 13,22-Dimetoksistachibotrinning 'H YaMR spektri
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13,22- Dimetoksistachibotrin (I11)ning™®C YaMR spektrida 168,85 m.u. sohada
signalning hosil bo‘lishi, moddada karbamid (~ N-c=0) yoki izomerlanish guruhi
azometinoksi (> N-C = 0)qayta guruhlanuvchi  funksional guruh  mavjudligini
ko‘rsatadi. Ularning orasidagi tanlov keyinroq amalga oshiriladi.

Muhokama qilinayotgan birikmaning elektron ta’sirining mass- spektrida bitta
vodorod atomining yo‘qolishi bilan C-9-C-11 va C-9-O aloqalari buzilganda m/z 207
bilan ion cho‘qqisi kuzatiladi. 13,22- Dimetoksistachibotrinning massa- spektrida m/z 207
bilan ion cho‘qqisining paydo bo‘lishi, spirtli gidroksil guruhi molekulaning alitsiklik
qismida joylashganligini ko‘rsatadi. Bu ion, shuningdek, undan m/z 189 va 135 bilan
chiqadigan ionlar molekulalarning alitsiklik parchalari tufayli kelib chigadi va bu
bo‘laklarning o‘ziga xosligini ko‘rsatadi.

Moddaning 1Q spektr ma’lumotlarida 1650sm™ sohada yuqori chastotali valent
tebranishning namoyon bo‘lishi,13,22- Dimetoksistachibotrinning molekulasida murakkab
efir guruhi borligini ko‘rsatadi. Yuqoridagi ma’lumotlardan shuni ko‘rish mumkinki,
13,22- Dimetoksistachibotrin (I11) molekulasidagi 6 ta kislorod atomlaridan 4 tasi
birlamchi, 2 tasi ikkilamchi bo‘lib, ulardan bittasi fenolli metoksil guruhida joylashgan
kislorod atomlaridan iborat bo‘lib, bittasi 156,72 m.u. sohada signal namoyon qilishi
kislorod atomi to‘rtlamchi uglerod atomiga bog‘langan ekanligini ko‘rsatadi. Aromatik
halgaga bog‘langan uglerod atomlarining **C YaMR spektrida 150,24 va 89,31 m.u. da
signallarni namoyon qilishi 13,22- Dimetoksistachibotrin molekulasida benzol halqgasida
joylashgan metoksildan boshqa yana bitta kislorod atomi bilan bog‘langan uglerod
borligini ko‘rsatadi. Bu esa C-22 uglerodda joylashgan metoksil guruhining borligidan
dalolat beradi. *C YaMR spektrida 99,19 m.u.da signalning namoyon bo‘lishi Kislorod
atomiga bog‘langan to‘rtlamchi uglerod atomi borligidan dalolat beradi. Uglerod
atomlariga xos 156,72 va 99,19 m.u.da signallarning namoyon bo‘lishi alitsiklik uglerod

1

atomi bilan aromatik uglerod atomlari epoksid funksional bog‘ orqali kislorod bilan
bog‘langanligini ko‘rsatadi.

TRIET

6o so 40 30 20 10 0 10

4- rasm. 13,22- Dimetoksistachibotrinning *C YaMR spektri

Besh tomonlama almashingan benzol yadrosidagi uglerod atomlarining 118,12,
115,32 va 135,75 m.u. sohadagi signallarining kimyoviy siljishlarning hosil bo‘lishi,
aromatik halga uch tomonlama uglerod-uglerod bog‘ bilan bog‘langan degan xulosaga
kelishga imkon beradi.

Molekulaning aniqlangan qismlarini hisobga olgan holda, o‘rganilayotgan
metabolitning C,7H3sNOg elementar tarkibidan, 13,22- dimetoksistaxibotrin molekulasida
yana bitta sikl bo‘lishi kerakligi kelib chiqadi.

A/B halqalarining qo‘shilishi va yangi Ill molekulasining terpenoid qismini
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konformatsiyasi quyidagicha aniqlanadi. 13,22- dimetoksistaxibotrinning 'H YaMR
spektrida H-5 protonning signali 2,57 m.u. da spin-spinlarning o‘zaro ta’sir konstantasi
qiymatlar sohasida signallar kuzatiladi (3.3-jadval). Ushbu konstantalar, molekulaning
terpenoid qismidagi B halgasiga nisbatan H-5 protonning aksial holda yo‘nalganligini
ko‘rsatadi, bu esa A va B halqalarining bir-biriga nisbatan trans- holda joylashganligidan
dalolat beradi.Shu bilan birga 1- XVII birikmalarning *H YaMR spektridagi H-1a, H-1,
H-28, H-3B, H-6B protonlarning fazoda joylashuvi (3.3-jadval) A va B halqalarining
konformatsiyasiga mos ravishda 10C® va sC® “kreslo” fazoviy tuzilishga ega ekanligini
ko‘rsatadi.

| va XI diatsetatlarining *H YaMR spektrida (CDCI3) H-3 protonning signali 3,60
m.u. sohada triplet signallarning namoyon bo‘lishi spin-spinlarning o‘zaro ta’sir
konstantasi 3] = 3Gs sohadagi qiymatlarda doimiy kuchga ega bo‘lganligi kuzatiladi.
Berilgan ma’lumotlardan shuni ko‘rish mumkinki, H-3 protonning kimyoviy siljish
ko‘rsatkichlari diatsetat XI tarkibidagi erkin gidroksil guruhi C-3 uglerodda ekanligini va
shuning uchun XI hosil bo‘lgan mahsulot 13,22- dimetoksistaxibotrinning diatsetat
ckanligini anglatadi. Spin-Spin o‘zaro ta’sir konstantasining (*J = 3Gs) qiymatlar sohasida
triplet signalning hosil qilishi, H-3 protonining B - ekvatorial yo‘nalishli fazoviy
joylashganligini ko‘rsatadi. Bu shuni anglatadiki, XI birikmasidagi C-3 uglerod
tarkibidagi atsetoksil guruhi va 13,22- dimetoksistaxibotrin molekulasidagi tegishli
gidroksil guruhlari va Xl diatsetat molekulasidagi atsetoksil guruhi a - aksial fazoviy
konfiguratsiyaga egaligidan dalolat beradi.

= =y

5-rasm. 13,22- Dimetoksistaxibotrinning terpenoid qismining konformatsiyasi va
deyteropiridinda olingan ROESY spektri

Ushbu xulosalar 3.5-rasmda ko‘rsatilgan13,22- dimetoksistaxibotrinning ROESY
spektri ma’lumotlari bilan ham tasdigqlangan. Molekuladagi CHs3-19 metil radikali va H-8
protonlari orasidagi YAEO ta’sirning bir xil spektrda aniqlanishimetil radikalining fazoda
B-oriyentatsiyalashuvini hamda C-8 (CHzs-18) metil guruhiga nisbatan o - oriyentatsion
yo‘nalishga imkon beradi.

13,22- Dimetoksistaxibotrinning molekulasida H-la - H-3fva H-5a - H-6
antiperiplanar proton juftliklari o‘rtasida YAEO ta’sirini kuzatish ROESY spektrining
o‘ziga xos xususiyati bo‘lib, o‘rnatilgan A va B halqalarining fazoda joylashishiga mos
keladi. Shunday qilib, taqdim etilgan eksperimental ma’lumotlar 13,22-
Dimetoksistaxibotrinning (I11) formulasida (5-rasm) tasvirlangan tuzilishga ega degan
xulosaga kelishimizga imkon beradi.
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NEFTNI QAYTA ISHLASHDA GIDROGENLASH JARAYONLARI
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Annotatsiya. Neft va gaz sanoati mamlakatimiz igtisodiyotining yetakchi
tarmoglaridandir. O‘zbekiston dunyo mamlakatlari orasida tabiiy gaz gazib olish bo‘yicha
yetakchi o‘rinlardan birida turadi. Ushbu magqolada respublikamizda gaz va neft sohasida
gilinayotgan ishlar, gidrogenlash jarayonining asosiy omillari va kimyosi, gidrotozalash,
katalitik riforming jarayonlari keltirilgan bo‘lib, ularda ishlatiladigan katalizatorlar hagida ham
ma’lumotlar keltirilgan. Eng asosiysi, gidrogenlash jarayonlarida uglevodorodlarning o‘zgarishi
va sanoatda gidrogenlash jarayonlari, neft mahsulotlari va qoldiglarini oltingugurtsizlantirish
hagida keng yoritilgan. Gidrogenlash jarayoning magsadini, undagi jarayonni va o‘lkamizda
ishlab turgan zavodlarda ishlatilayotdan jarayonlarni, qo‘llaniladigan katalizatorni o‘rganish va
kelgusida bulardanda samarali jarayonlar hagida izlanishlar olib borishdan iborat. So‘nggi
vagtlarda neftni gayta ishlash sanoatida gidrogenizatsion jarayonlar keng qo‘llanmogda. Ular
yuqori oktanli benzinlarni olishda, dizel va qozon yoqilg‘ilarining sifatini yaxshilashda,
gidrokreking usuli bilan neftni yuqori fraksiyalaridan yoqilg‘ilar hamda surkov moylarini
olishda ishlatilib kelinmogda.

Kalit so‘zlar: gidrogenlash, gidrotozalash, katalitik riform, destruktiv gidrogenlash,

kreking, gidrokreking, katalitik kreking, kokslash, gazoyl fraksiyasi, katalizatorlar.

HYDROGENATION PROCESSES IN OIL REFINING

Abstract. The oil and gas industry is one of the leading sectors of our country's economy.
Uzbekistan is one of the world's leading producers of natural gas.

This article presents the work being done in the gas and oil sector in our republic, the main
factors and chemistry of the hydrogenation process, hydrotreating, and catalytic reforming
processes, and also provides information about the catalysts used in them. The most important
thing is to extensively cover the transformation of hydrocarbons in hydrogenation processes and
industrial hydrogenation processes, desulfurization of petroleum products and residues. The
purpose of the hydrogenation process, the process involved, and the processes used in plants
operating in our country, the catalyst used, and to conduct research on more effective processes in
the future. Recently, hydrogenation processes have been widely used in the oil refining industry.
They are used to produce high-octane gasoline, improve the quality of diesel and boiler fuels, and
produce fuels and lubricants from higher fractions of oil by hydrocracking.
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Keywords: Hydrogenation, hydrotreating, catalytic reforming, destructive hydrogenation,
cracking, hydrocracking, catalytic cracking, coking, gas oil fraction, catalysts.

Kirish. Termik va katalitik krekingda xomashyodagi vodorod kreking mahsulotlari
o‘rtasida gayta tagsimlanadi. Xomashyoni fraksiya tarkibi gancha og‘ir bo‘lsa va ularda
smolali asfaltenlar gancha ko‘p bo‘lsa shuncha ko‘p vodorodga boy bo‘lmagan
mahsulotlarni kreking-goldiq va koks hosil bo‘ladi. Og‘ir fraksiyali xomashyoni kreking
gilganda minimal darajada koks hosil bo‘lishi uchun va yengil fraksiyalarni ko‘p olinishi
uchun tashgaridan vodorod kirgizish kerak. Krekingni bu formulasini destruktiv
gidrogenlash deyiladi. Destruktiv bo‘lmagan gidrogenlashga xomashyoni vodorod bilan
toyintirish kiradi.

1zo-CgH16+H2 [ 1zo-C8H18

Destruktiv va destruktiv bo‘lmagan gidrogenlash jarayonlari o‘rtasidagi
gidrogenlash formasiga gidrotozalash jarayoni kiradi. Gidrotozalash jarayoni vazifasi neft
mahsulotlaridagi oltingugurtli va azotli birikmalarni katalitik usulda vodorod ta’sirida
yo‘q qilish. Reaksiya natijasida oltingugurtli birikmalar parchalanib H.S hosil bo‘ladi va
to‘yinmagan uglevodorodlar to‘yinadi.

Gidrotozalash jarayoni odatda biroz parchalanish reaksiyasi bilan boradi.
Gidrotozalashdan so‘ng olingan mahsulotlarda xomashyoda bo‘Imagan yengil fraksiyalar
va uglevodorodli gazlar mavjud bo‘ladi.

Destruktiv gidrogenlash jarayoni ko‘p vodorod sarflashni talab giladi (5-7% mass.
xomashyoga). Qurilmalarni texnologik jihozlash murakkab, chunki jarayon yuqori
bosimda (300-700 ob) va yuqori temperaturada (420-500 °C) olib boriladi. Gidrogenlash
jarayoni 2-3 bosgichda olib boriladi va bu qurilmalar katta kompleksni tashkil giladi.
Apparatlar yugori bosimda ishlaydi, shuning uchun ular gimmatbahodir.

Tadgigqot metodologiyasi. Katalitik kreking va kokslash jarayonlarining
rivojlanishi soddaligi va arzonligi natijasida destruktiv gidrogenlashdan voz kechildi.
Yumshoq sharoitlarda olib boriladigan destruktiv gidrogenlash jarayon (50-200 atm)
keyingi vaqgtda keng joriy etila boshladi. Bu jarayonda vodorod 1-3% sarflanadi va
xomashyo chuqur o‘zgarishlarga uchraydi. Bu gidrogenlash jarayonini gidrokreking
deyiladi. Gidrokreking jarayonini sanoatga tatbiq etilishiga quyidagilar sababchi bo‘ldi:

1. Xomashyo sifatida asosan vodorodga boyroq bo‘lgan og‘ir distillyatlar
ishlatiladi.

2. Oltingugurt, azot va asfaltenlarga boy bo‘lgan qoldig mahsulotlar ishlatilishdan
oldin deasfaltizatsiya gilinadi yoki gazoyl fraksiyasi bilan aralashtiriladi.

3. Gidrokreking natijasida benzin fraksiyasi emas, balki kerosin — gazoyl
fraksiyasi, katalitik kreking uchun xomashyo bo‘lgan og‘ir fraksiya va yogish uchun
ishlatiladigan katyol yoqilg‘isi olinadi.

1. Gidrokreking jarayoni uchun aktiv va selektiv katalizatorlar yaratilgan.

2. Ba’zi bir hollarda gidrokreking koks hosil bo‘lish bilan boradi va jarayonni
o‘rtacha vodorod bosimida olib boriladi.

Natijalar va muhokama. Gidrogenlashda uglevodorodlarni molekulalarining
parchalanishi bilan ketadigan reaksiyalarda vodorod to‘yinmagan bog‘larga birikadi va
hosil bo‘lgan moddalar o‘zgarmas xarakterga ega bo‘ladi.

Molekula gancha kichik bo‘lsa, gidrogenlash energiyasi shuncha kichik bo‘ladi.
Etanning etilendan hosil bo‘lishi 0zod energiyasini, geksanning geksilendan hosil bo‘lish
energiyasiga solishtirilganda bu yaqqol ko‘rinadi. 500°S bu kattalik Z=-18080 kall/mol’
Z=-14820 kall/mol’.

Gidrogenlash sharoitida parafin uglevodorodlar parchalanish va izomerlanish
reaksiyalariga Kirishishi mumkin.

Katalizator va vodorod ishtirokida gidrogenlash natijasida to‘yingan
uglevodorodlar hosil bo‘ladi:
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RH+H2 [ RH+RMH

Bu funksional Katalizatorlar ishtirokida parafinlarni izomerlash xuddi katalitik
krekingdagidek oralig moddalar hosil bo‘lish bilan boradi.

Kreking temperaturasida to‘yingan bog‘lardan sodda aromatik, naften va
izoparafin uglevodorodlar hosil bo‘ladi. Bundan ko‘rinadiki, destruktiv gidrogenlash
natijasida koks hosil bo‘lishiga olib keladigan aromatik halgalarni kondensatsiyasi
kuzatilmaydi. Oltingugurtli mahsulotlarni gidrogenlashlash natijasida ularni vodorod bilan
reaksiyaga kirishishi natijasida H.S va uglevodorodlar hosil bo‘ladi.

C4HOHS+4H2 [ C4H10+H2S RSH+H2 [ RH+H2S RSSR+3H2 [J
RH+RH+2H2S

Gidrogenlash  natijasida oltingugurtli ~ birikmalar  parchalanishi  yumshoq
sharoitlarda (gidrokrekingga nisbatan) boradi.Gidrogenlash natijasida kislorodli birikmalar
suvga, azotli birikmalar esa ammiakka aylanib ketadi.

Reaksiyalarning yo‘nalishiga temperatura rejimi, qo‘llanilayotgan katalizator katta
rol o‘ynaydi. Temperatura ortishi bilan zanjirlarni va halgalarni parchalanish reaksiyasi
kuchayadi. Bosimni pasayishi uglerod-vodorod bog‘larini parchalanishiga olib keladi va
buning natijasida parafin uglevodorodlardan olefinlar va olefin uglevodorodlarni aromatik
uglevodorodlarga siklizatsiyalash kuchayadi.

Yugori temperaturada gidrogenlash va parchalash xususiyatiga ega bo‘lgan aktiv
katalizatorlar molibden va volfram sulfidlaridir. Bu katalizatorlar oksid holida olinib
oltingugurtli birikmalar ta’sirida sulfid ko‘rinishiga o‘tadi, lekin katalizator o‘zining
aktivligini yo‘qotmaydi. Bu katalizator yugori temperaturada (450-480°C) qgo‘llaniladi.

MoS> va WS, gidrogenlash va parchalash xususiyatiga ega. Reaksiyalarni u yoki bu
yo‘nalishlarini kuchaytirish uchun katalizator tarkibiga promotorlar go‘shiladi. Ni yoki Co
go‘shilsa, gidrogenlash xususiyati ortadi. WS> ni Al-Si ga shimdirilsa (o‘tkazilsa), uning
parchalanish xususiyati ortadi.

Hozirgi paytda gidrokreking jarayonlarda bifunksional gidrokreking giluvchi
katalizatorlar — Kislotali xususiyatga ega bo‘lgan yonuvchi va aktiv metallar
ishlatiladi. Aktiv metallarga: platina, nikel, palladin, molibden va hokazolar kiradi. Aktiv
metallar gidrogenlash xususiyatiga ega, kislotali xususiyatga ega bo‘lgan o‘yuvchi
parchalash va izomerlash xususiyatiga egadir.

Gidrogenlash jarayonlarga quyidagilar kiradi:

A. Gidrotozalash: oddiy rejimda olib borilganda xomashyo oltingugurt va azot
birikmalari va to‘yinmagan uglevodorodlardan tozalanadi: gattiq rejimda olib borilganda
kerosin va dizel yoqilg‘isi fraksiyalaridagi aromatik uglevodorodlar naftenlarga
o‘tkaziladi (reaktiv yoqilg‘i olish).

B.Gidrooltingugursizlantirish neftning og*ir qoldiglarini va mazutni tozalash.

C.Gidrokreking yugori haroratda gaynovchi neft fraksiyalaridan yengil fraksiyalar
(benzin, reaktiv va dizel yonilg‘i) ni olish.

D.Parafinlarni tozalash.

Gidrotozalash jarayonining ahamiyati. Oxirgi vaqtlarda umumiy balansda tarkibida
oltingugurt va azot birikmalari ko‘p bo‘lgan neftlar gazib olishning ko‘payishi va
shuningdek, neftdan olinayotgan mahsulotlarning sifatiga gattiq talab qo‘yilishi
munosabati bilan va havo flotida reaktiv texnikasining joriy qilinishi gidrotozalash
jarayonini rivojlantirishni tagozo qildi.

Gidrokreking jarayoni kelgusida katalitik kreking jarayoniga almashadi.

Gidrotozalash usuli bilan yog‘lar olish jarayoni murakkabroq jarayon bo‘lishiga
garamay kelgusida rivojlanadi. Bu usulning asosiy ikkita omili bor:

a) hozirda moy olish jarayonidagi ishlatilayotgan zaharli fenol moddasi
ishlatilmaydi;

b) olinayotgan yog‘ning miqdori ko‘payadi.
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Bulardan tashqari gidrotozalash jarayoni ham gidrogenlash jarayonlarga kiradi.
Masalan, piroliz jarayonida olingan suyuq modda tarkibida bir va bir necha go‘sh bog°i
bo‘lgan to‘yinmagan birikmalar, shular bilan oltingugurt va azotli birikmalar bor. Bu
suyug moddaning sifatini yaxshilash uchun birinchi navbatda platina katalizatori
ishtirokida 20-75°S da 4-5 MPa bosimda ikki va undan ortiq gqo‘shbog‘li birikmalar
smolasimon moddalar to‘yintiriladi. Bu jarayon 340-380°S, 3,5-4 MPa bosimda olib
boriladi, shu vaqgtda oltingugurtli va azotli birikmalardan ham tozalanadi.

Benzin va dizel yoqilgisini oltingugurtli va azotli birikmalardan tozalash —
gidrotozalash jarayoni alyumokobalt yoki alyumonikel molibden katalizatorlari ishtirokida
olib boriladi. C-C bog‘ning energiyasi 227 kDj/mol’ga teng. Shu sababli C-C bog‘i
osonroq uzuladi, bu asosiy reaksiya bilan bir gatorda to‘yinmagan birikmalarning
to‘yinishi, gisman uglevodorod molekulalarning parchalanishi kabi reaksiyalar sodir
bo‘ladi.

Gidrotozalash 350-400°S va 3-5 MPa bosimda olib boriladi.

Kerosin va dizel vyoqilg‘isi fraksiyalarini gidrotozalash qilib aromatik
uglevodorodlarni to‘yintirish lozim bo‘lsa, bu jarayon 10-15 MPa bosimda olib boriladi.

Neftni gayta ishlagandagi goldig mazutni bug® gozonlari uchun yoqilg‘i sifatida
ishlatish uchun gidrooltingugurtsizlantirish qilinadi. Katalizator yordamida bu goldiq
fraksiyada oltingugurtli, azotli va metallorganik birikmalar, smolalarning migdori ko‘pdir.
Shuning uchun ularning sirtiga birikmalar o‘tirib, Katalizatorlarning ishlash
samaradorligini pasaytiradi. Mazutda oltingugurtning migdori 1% massadan oshmasligi
shart. Termik va katalitik kreking jarayonlarida reaksiya zonasiga tashqgaridan vodorod
berilmaydi. Gidrokreking jarayonida ea tashgaridan vodorod berilgani uchun yengil va
o‘rta fraksiyalar kop hosil bo‘ladi.

Gidrogenlash jarayonlarni rifojlanishiga quyidagilar oz hissasini go‘shdi:

1.Katalitik riforming uskunalarida ko‘p migdorda vodorod olinishi.

2.Yuqori samaradorli katalizatorlar ixtiro gilinishi.

3.Gidrokreking uskunalarida fagat benzin emas, o‘rta va og‘ir fraksiyalarning ham
olinishi.

Xulosa va takliflar. “Neftni gayta ishlashda gidrogenlash jarayonlari, kimyosi va
texnologiyasi. Katalizatorni tanlash va hajmiy hisobi” mavzusidagi ishda neft
fraksiyalarini chuqur tozalash va sifatini oshirishning muhim yo‘nalishlari keng yoritildi.
Magola kirish gismida respublikamizda gaz va neft sanoatini rivojlantirish borasida
amalga oshirilayotgan ishlar hamda mavzuning dolzarbligi asoslab berildi.

Asosiy boblarda gidrogenlash jarayonining kimyoviy asoslari, uni sanoat sharoitida
amalga oshirish usullari, gidrotozalash va katalitik riforming jarayonlari hamda ularning
afzalliklari izchil bayon qilindi. Jarayonda qo‘llaniladigan katalizatorlarning xossalari,
ularni tanlash mezonlari va gidrogenlash davomida uglevodorodlarning o‘zgarish jarayoni
batafsil o‘rganildi. Neft mahsulotlari va qoldiglarini oltingugurtsizlantirishning ekologik
hamda iqtisodiy ahamiyati alohida ta’kidlandi.

Tadqiqot natijalari shuni ko‘rsatadiki, zamonaviy katalizatorlardan samarali
foydalanish, jarayon parametrlarini to‘g‘ri tanlash va hajmiy hisoblarni aniq bajarish
gidrogenlash samaradorligini sezilarli darajada oshiradi. Kelgusida gidrogenlash
texnologiyasini yanada takomillashtirish, ekologik talablarga mos, yuqori sifatli yoqilg‘i
va moy mahsulotlari olish imkoniyatini yanada kengaytiradi.
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Annotatsiya. Ushbu ishda ayrim atsetilen spirtlrini FeCls/MeCN katalitik sistemasi
yordamida fenol ishtirokida aromatik elektrofil alkinillash reaksiyalari orgali fenol hosilalari sintez
qilish jarayoni o‘rganildi, reaksiya mexanizmi taklif etildi hamda olingan mahsulotlar
identifikatsiyalandi. Reaksiya tezligiga katalizator, erituvchilar va boshlang‘ich moddalar miqdori
va tabiatining ta’siri aniqlandi. Tanlangan atsetilen spirtlari molekulasida funksional guruhlar
tabiati va ularning fazoviy ta’sir etish xossasiga ko‘ra FeCls/MeCN Kkatalitik sistemasida fenol
bilan reaksiyasiga Kirishishi samaradorlik qatori ishlab chiqgildi. Sintez gilingan fenol
hosilalarining xususiy fizik konstantalari aniglangan, tozaligi, tarkibi va tuzilishi zamonaviy fizik-
kimyoviy tadgiqot usullari yordamida isbotlangan. Olingan natijalar asosida fenol hosilalarini
FeCls/MeCN Kkatalitik sistemasida sintez qilish reaksiyalarining eng mugobil sharoitlari
aniglangan.

Kalit so‘zlar: atsetilen spirtlari, fenol, elektrofil almashinish, erituvchilar, atsetonitril,
karbokation, rezonans.

ELECTROPHILIC SUBSTITUTION OF PHENOL WITH

SELECTED ACETYLENIC ALCOHOLS IN THE PRESENCE OF FeCls

CATALYS

Abstract. In this study, the process of synthesizing phenol derivatives through aromatic
electrophilic alkynylation reactions of selected acetylenic alcohols in the presence of phenol using
the FeCls/MeCN catalytic system was investigated. The reaction mechanism was proposed, and
the obtained products were identified. The influence of the catalyst, solvents, and the nature and
quantity of the starting materials on the reaction rate was determined. Based on the nature of the
functional groups in the molecules of the selected acetylenic alcohols and their spatial effects, an
efficiency scale for their reactivity with phenol under FeCls/MeCN catalytic conditions was
developed. The specific physical constants of the synthesized phenol derivatives were determined,
and their purity, composition, and structure were confirmed using modern physicochemical
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research methods. Based on the obtained results, the optimal conditions for the synthesis of phenol
derivatives in the FeCls/MeCN catalytic system were established

Keywords: acetylenic alcohols, phenol, electrophilic substitution, solvents, acetonitrile,
carbocation, resonance.

Kirish. Hozirgi kunda organik sintezda “yashil kimyo™ tamoyillari asosida ishlovchi
samarali, ekologik xavfsiz va energiya tejamkor usullar keng joriy etilmogda. Aynigsa
katalitik jarayonlar, fotokimyoviy reaksiyalar, shuningdek, biofaol moddalarning
stereoselektiv sintezi bo‘yicha qator yutuglar kuzatilmoqda. Bunday yondashuvlar orqali
sintetik jarayonlar nafagat soddalashtirilmoqda, balki ularning iqtisodiy va ekologik
samaradorligi ham oshmoqda [1-4]. Aynigsa, murakkab molekulalarning tez, selektiv va
samarali sintezi talab etilayotgan bir davrda atsetilen spirtlari alohida ahamiyat kasb
etmoqda. Ushbu sinf vakillari ko‘p funksiyali substratlar bo‘lib, turli xil kimyoviy
reaksiyalarda universal oraliq mahsulotlar vazifasini bajaradi. Aynigsa, atsetilen spirtlari —
ya’ni alkin guruhi B-holatda joylashgan spirtlar — yangi avlod sintez yo‘nalishlarida
muhim o‘rinni egallagan. Atsetilen spirtlari, kimyoviy jihatdan C=C uch bog‘ga ega
bo‘lgan spirtlar sinfiga mansub bo‘lib, o°‘zining noyob tuzilishi tufayli sanoatning ko‘plab
tarmoglarida muhim rol o‘ynaydi. Ularning turli kimyoviy o‘zgarishlarga kirisha olish
qobiliyati ushbu birikmalarni ko‘p qirrali sintetik vositalarga aylantiradi [5-7].

Ingliz kimyogarlari tomonidan birlamchi, ikkilamchi va uchlamchi atsetilen
spirtlarining spirtlar, aminlar, amidlar, tiollar, furanlar, B-keto efirlar va allil-trimetilsilan
kabi nukleofil reagentlar bilan almashinish reaksiyalari amalga oshirilgan. Ushbu atsetilen
spirtlarining nukleofil reagentlar bilan Sn1 tipidagi almashinish reaksiyasi CuBro/MeNO>
va PPhsAuNTf,/PhMe katalitik sistemalarida olib borilgan. Elektron zichligi yugori
bo‘lgan aromatik halga saqlagan atsetilen spirtlar bilan furanlar hamda tiollarda mahsulot
unumi yuqori bo‘lishi kuzatilgan. Shuningdek, sintez qilingan mahsulotlar tarkibi E/Z
izomerlardan iborat ekanligi aniglangan [8-10]

Adabiyotlar tahlili. Dunyo olimlari tomonidan propargil spirtlarining gidroksil
guruhlarini bevosita almashtirish bo‘yicha bir nechta katalitik usullar ishlab chiqildi [11]
va bunda ruteniy [12] yoki reniy [13,14] katalizatorlari qo‘llanilgan. Ushbu usullarning
asosiy kamchiligi shundaki, ishlatilayotgan metall katalizatorlar gimmat va noyob
ekanligidir. Bundan tashgari, ruteniy Kkatalizatorlari ishtirokidagi reaksiyalar odatda
terminal va ikkilamchi propargil spirtlari bilan cheklanadi [15], reniy katalizatorlari esa
ichki alkinlarga nisbatan qo‘llaniladi. Ushbu muammolarni echish magqgsadida ispan
olimlari tomonidan propargil spirtlarini va etanolning (nukleofil reagent sifatida)
o‘rtasidagi reaksiyasi, turli katalizator tizimlarida va atsetonitril eritmasida olib borildi.
Ushbu reaksiyalar dixlordioxsomolibden, InCls, AICl3, CeCls, p-toluensulfon kislota
monogidrati, kamfora sulfon kislota va xlorid kislota kabi katalizatorlarda amalga
oshirildi. Tanlangan katalizatorlar ichida p-toluensulfon kislota monogidrati, kamfora
sulfon kislotalar qo‘llanilganda kutilgan natijaga erishildi, ya’ni mahsulot unumi yuqori
chigishi kuzatildi [16].

Propargil spirtlarini alil trimetilsilan, spirtlar, aromatik birikmalar, tiollar va amidlar
kabi uglerod va geteroatom markazli nukleofillar bilan umumiy va samarali FeCls-
katalizli almashtirish reaktsiyasi ishlab chiqildi, buesaC - C,C-0,C-SvaC - N
bog‘lar hosil bo‘lishiga olib keldi [17].

Tadgigot metodologiysi. Sinov reaksiyasi hajmi 250 ml bo‘lgan, termik bardoshli
va mexanik jihatdan mustahkam, shaffof borosilikat shishasidan tayyorlangan uch og‘izli,
dumaloq tubli kolbada (Glassco markasi, markaziy shlif 29/32, yon shliflar 14/23) olib
borildi. Kolbaning og‘izlariga laboratoriya standarti asosida quyidagi uskunalar o‘rnatildi:
birinchi og‘izga qaytarma sovutgich (reflux condenser), ikkinchisiga tomizgich voronka
(dropping funnel), uchinchisiga esa aniq o‘lchovli ragamli termometr joylashtirildi.
Aralashtirish jarayoni magnitli aralashtirgich yordamida (MS7-H550-Pro modeli) amalga
oshirildi.
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Dastlab, kolbaga 1,3-difenilpropin-2-ol-1 (5,4 mg, 1,0 mmol) va fenol (343 mg, 3,0
mmol) ketma-ket ravishda qo‘shildi. Keyin, erituvchi sifatida 2 ml atsetonitril (CHsCN) va
katalizator rolini bajaruvchi angidrid temir(IIl) xlorid (FeCls) (8 mg, 0,05 mmol) kolbaga
qo‘shildi. Olingan aralashma xona haroratida, ya’ni 22-25 °C atrofida, 2 soat davomida
doimiy magnitli aralashtirish sharoitida reaksiyaga kirishdi. Reaksiya davomida kolbadagi
harorat ragamli termometr yordamida doimiy nazorat qilib borildi. Reaksiyaning borishi
va asosiy mahsulot hosil bo‘lishi yupga qatlamli xromatografiya (TLC) usuli yordamida
kuzatib borildi (elyuent: etil atsetat/geksan, 1:4). Reaksiya yakuniga yetgach, erituvchi
(CHsCN) reaksiya aralashmasidan vakuum ostida, rotatsion bug‘latgich yordamida to‘liq
ajratib olindi. Hosil bo‘lgan qattiq qoldiq kremniy dioksid (silikagel) asosidagi kolonkali
xromatografiya usuli bilan tozalandi. Elyuent sifatida etil atsetat va geksanning 10:1
hajmiy nisbatdagi aralashmasi ishlatildi. Fraksiyalarning analizi TLC orgali nazorat gilindi
va asosiy mahsulot bo‘lgan tiniq, och sariq rangli suyuqlik — 4-(1,3-difenilpropin-2-
il)fenol (21) — ajratib olindi. Mahsulotning chigishi 84,5% ni tashkil etdi va xromatografik
harakatchanlik koeffitsienti (Rf) 0,63 ga teng bo‘ldi (elyuent: etil atsetat/geksan, 1:4).

Tadgoqot hatijalari asosida zamonaviy 1Q-, *H YaMR-,*C YaMR-, spektroskopiya,
mass spektrometriya, xromatografik (YQX, KX) tadqgiqot usullaridan olingan natijalar
asosida ishonchli tarzda tahlil gilingan:

4-(1,3-difenilpropin-2-il)fenol (21) — 84,5%.

!H-YaMR (300 MHz, CDCls) d 7.49-7.21 (m, 12H), 6.79 (d, J = 8.4, 1H), 5.16 (s,
1H), 4.88 (bs, 1H); *C-YaMR (100 MHz, CDCls) d 154.4, 142.0, 134.1, 131.7, 129.1,
128.6, 128.2, 128.0, 127.8, 126.9, 123.5, 115.4, 90.5, 84.8, 42.9;

Olingan natijalar tahlili. Ushbu ishda ilk bor atsetilen spirtlari — 1-fenilpropin-2-
ol-1,  1-(2,4,5-trimetilfenil)propin-2-ol-1,  1-(2,4-dimetilfenil)propin-2-ol-1, 1-0-
tolilpropin-2-ol-1, 1-(2-bromfenil)propin-2-ol-1, 1-(5-ftor-2-metilfenil)propin-2-ol-1, 1-
(3,4-dixlorfenil)propin-2-ol-1, 1-(2-xlor-6-ftorfenil)propin-2-ol-1, 1-(naftalinil-1)propin-2-
ol-1, 1-(antratsenil-9)propin-2-ol-1, 1-fenilgeptin-2-ol-1, 1-(2,4,5-trimetilfenil)geptin-2-ol-
1, 1-(2,4- dimetilfenil)geptin-2-ol-1, 1-o-tolilgeptin-2-ol-1, 1-(2-bromfenil)-3-fenilgeptin-
2-0l-1, 1-(5-ftor-2-metilfenil)-3-fenilgeptin-2-ol-1, 1-(3,4-dixlorfenil)-3-fenilgeptin-2-ol-
1, 1-(2-xlor-6-ftorfenil)-3-fenilgeptin-2-ol-1, 1-(naftalinil-1)geptin-2-ol-1, 1-(antratsenil-
9)geptin-2-ol-1, 1,3-difenilpropin-2-ol-1, 1-(2,4,5-trimetilfenil)-3-fenilpropin-2-ol-1, 1-
(2,4-dimetilfenil)-3-fenilpropin-2-ol-1, 3-fenil-1-o-tolilpropin-2-ol-1, 1-(2-bromfenil)-3-
fenilpropin-2-ol-1,  1-(5-ftor-2-metilfenil)-3-fenilpropin-2-ol-1,  1-(3,4-dixlorfenil)-3-
fenilpropin-2-ol-1, 1-(2-xlor-6-ftorfenil)-3-fenilpropin-2-ol-1, 1-(naftalinil-1)-3-
fenilpropin-2-ol-1, 1-(anratsenil-9)-3-fenilpropin-2-ol-1 larni FeCls/MeCN katalitik
sistemasida fenol bilan aromatik elektrofil alkinillash reaksiyasi natijasida 4-(1-
fenilpropin-2-il-1)fenol (1), 4-(1-(2,4,5-trimetilfenil)propin-2-il-1)fenol (2), 4-(1-(2,4-
dimetilfenil)propin-2-il-1)fenol  (3), 4-(1-(o-tolil)propin-2-il-1)fenol  (4), 4-(1-(2-
bromfenil)propin-2-il-1)fenol (5), 4-(1-(5-ftor-2-metilfenil)propin-2-il-1)fenol (6), 4-(1-
(3,4-dixlorfenil)propin-2-il-1)fenol (7), 4-(1-(2-xlor-6-ftorfenil)propin-2-il-1)fenol (8), 4-
(1-(naftalinil-1)propin-2-il-1)fenol (9), 4-(1-(antratsenil-9)propin-2-il-1)fenol (10), 4-(1-
fenilgeptin-2-il-1)fenol (11), 4-(1-(2,4,5-trimetilfenil)geptin-2-il-1)fenol (12), 4-(1-(2,4-
dimetilfenil)geptin-2-il-1)fenol  (13), 4-(1-(o-tolil)geptin-2-il-1)fenol (14), 4-(1-(2-
bromfenil)geptin-2-il-1)fenol (15), 4-(1-(5-ftor-2-metilfenil)geptin-2-il-1)fenol (16), 4-(1-
(3,4-dixlorfenil)geptin-2-il-1)fenol (17), 4-(1-(2-xlor-6-ftorfenil)geptin-2-il-1)fenol (18),
4-(1-(naftalinil-1)geptin-2-il-1)fenol (19), 4-(1-(antratsenil-9)geptin-2-il-1)fenol (20), 4-
(1,3-difenilpropin-2-il-1)fenol  (21), 4-(3-fenil-1-(2,4,5-trimetilfenil)propin-2-il-1)fenol
(22), 4-(1-(2,4-dimetilfenil)-3-fenilpropin-2-il-1)fenol (23), 4-(3-fenil-1-(o-tolil)propin-2-
il-1)fenol  (24), 4-(1-(2-bromfenil)-3-fenilpropin-2-il-1)fenol  (25), 4-(1-(5-ftor-2-
metilfenil)-3-fenilpropin-2-il-1)fenol (26), 4-(1-(3,4-dixlorfenil)-3-fenilpropin-2-il-1)fenol
(27),  4-(1-(2-xlor-6-ftorfenil)-3-fenilpropin-2-il-1)fenol  (28),  4-(1-(naftalinil-1)-3-
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fenilpropin-2-il-1)fenol (29), 4-(1-(antratsenil-9)-3-fenilpropin-2-il-1)fenol (30) sintezi
o‘rganilgan.

Adabiyot manbalaridan keltirilgan ma’lumotlar asosida jarayonning umumiy
reaksiya sxemasi quyidagicha taklif etildi.

OH ?H o
5 mol% FeCl3

+ N A
Rz)\ H /J MeCN, x.h., 2 soat )\
~ Ry

Ry ~F %
Ry

1-30

Bu yerda: Ri= H, R;= H (1); Ri= H, R.=2,4,5 - (Me)3 (2); Ri= H, R.= 2,4 - (Me)2
(3); Ri= H, R2=2 -Me (4); Ri= H, Ro= 2- Br (5); R1= H, Ro=5- F-2- Me (6); R1=H, Ro=
3,4- Cl (7); Ri= H, Ro= 2- CI-6- F (8); R1= H, Ro=1-Nh (9); R1=H, R2=9- An (10); R1=
Hx, R2= H (11); R1= Hx, Ro=2,4,5 - (Me)3 (12); R1= Hx, R2= 2,4 - (Me)2 (13); R1= HXx,
R2= 2 -Me (14); R1= Hx, R2= 2- Br (15); R1= Hx, Ro= 5- F-2- Me (16); R1= Hx, Ro= 3,4-
Cl (17); Ri= Hx, Ro= 2- CI-6- F (18); R1= Hx, Ro= 1-Nh (19); Ri= Hx, R2= 9- An (20);
Ri= Ph, Ro=H (21); Ri= Ph, Ro= 2,45 - (Me)3 (22); R1= Ph, Ro= 2,4 - (Me)2 (23); R1=
Ph, Ro=2 -Me (24); Ri= Ph, Ro= 2- Br (25); R1= Ph, R>= 5- F-2- Me (26); R1= Ph, Ro=
3,4- (CI)2 (27); R1= Ph, R2= 2- CI-6- F (28); R1= Ph, R2= 1-Nh (29); R:= Ph, R>= 9- An
(30);

Jarayon mexanizmi: Dastlab FeClz 1,3-difenilpropin-2-ol-1ning molekulasidagi
gidroksil guruh (-OH) ni faol holatga keltiradi. Bu jarayon Lyuis Kislotali aktivlash
bosgichi bo‘lib, ushbu bosgichda FeCls ning Fe** ioni 1,3-difenilpropin-2-ol-1
molekulasini gidroksil guruhidagi (-OH) kislorod atomining erkin elektron jufti bilan
koordinatsion bog‘ hosil giladi.

ClzFe- —O

oH . FeCl H .

Bu bog‘ orgali FeCls kislorodning elektrodonorligini (elektron zichligini)
kamaytiradi, natijada -OH guruhi chigib ketishi osonlashadi. Ogibatda FeClsOH™ hamda
karbokation (vinilik karbokation) hosil bo‘ladi. Hosil bo‘lgan vinilik karbokation sp?
gibridlangan bo‘lib, molekulasidagi uch bog® (C=C) bilan konyugatsiyalangan (ya’ni -
bog‘lar va bo‘sh p-orbital orasida rezonans (elektron ogim) mavjud) holatda bo‘ladi.
Bunday rezonans tufayli musbat zaryad fagat bitta joyda emas, balki bir nechta atomlar
orasida tagsimlanadi va molekula bargarorroq (oddiy karbokationda musbat zaryad bitta

uglerodda jamlanadi, bargaror emas) bo‘ladi.
OH

‘ — FEC|3 + -
H =\ [H =\ / ][FeC|3oH]<—>[H§@][FeC|3OH]

Jarayonning keying bosqichida fenol ta’sirida elektrofil aromatik almashinish
reaksiyasi sodir bo‘ladi. Fenol — elektronga boy aromatik birikma bo’lib, elektrofil
zarrachani (vinilik karbokation) orto-, para- holatlariga yo“‘naltiradi.

Aromatik elektrofil almashinish reaksiyalari ko‘p holatlarda ikki bosgichli
mexanizmda sodir bo‘ladi. Birinchi sekin boruvchi bosgichda elektrofil zarracha (vinilik
karbokation) aromatik yadroga (fenolga) bog‘lanadi, bunda aromatik elektron sistema
buziladi (aromatiklik yo‘goladi, n-kompleks hosil bo‘ladi. So‘ngra yadrodagi hujumga
uchragan C atomi (fenolning para- holatidagi) sp3-gibridlanish holatiga o’tadi va o-
kompleks hosil bo‘ladi. Natijada fenol halqasidagi molekula simmetriyasi buziladi, ya’ni
vinilik karbokation va H atomi halga tekisligidan tashqgarida yotadi. Fenol halgasining
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bog‘ hosil qilishida qatnashmagan 4 ta m elektroni va 5 ta C atomi bo‘ylab tekis
tagsimlanadi. Bunday tuzilish aromatik halgaga nisbatan ancha beqgarordir.

OH

N t X .
~F tez \‘///
! H

n-kompleks
OH OH

sekin SN
[H 1 [FeCIzOH] [[@)] [FeCl;0H

> \_/ o oA
; S

o-kompleks
Reaksiyaning ikkinchi tez boruvchi bosqichida esa g-kompleksdan protonning ajralishi
hamda aromatik sistemaning gayta tiklanishi bilan yakunlanadi.

o Py
=) ]
. r

- FeClzOH]
H [FeCls
H — Q H 7 A\ + FeClz + HO
H / tez

Tadqiqot magsadiga ko‘ra fenol hosilalarini sintez gilishda mahsulot unumiga tanlangan
atsetilen spirtlarining tabiati, ularning molekulasini fazoviy tuzilishi, optik faolligi va
o‘rinbosarlar tabiatining ta’siri o‘rganildi. Kimyoviy jarayonlarning borishiga va mahsulot
unumiga harorat, reaksiya davomiyligi, erituvchilar va katalizatorlar tabiati, boshlang‘ich
moddalar konsentratsiyasi hamda mol miqdorlari ta’siri tizimli tahlil qilindi.

Atsetilen spirtlarini fenol bilan FeCls/MeCN Kkatalitik sistemasida aromatik alkinillash
reaksiyalarida dastlab reaksiya davomiyligi ta’siri o‘rganildi va jarayon 60-240 minut
davomida olib borildi. Reaksiya vaqti 120 minut davomida olib borilganda mahsulot hosil
bo‘lish samaradorligining keskin oshishi kuzatildi. Jumladan 120 minut davomida olib
borilganda katalizatorlarning faolligi, atsetilen spirtining eruvchanligi, -OH guruhini
aktivlanishi va fenolning aromatik halgasiga elektrofil hujum gilish darajasining eng yuqori
cho‘qqiga chiqishi natijasida sistemada fenol hosilalarining hosil bo‘lish giymati maksimum
miqdorda bo‘ldi (harorat 25 °C da 1-87,0%, 2-89,7%, 3-88,8%, 4-88,2%, 5- 80,8%, 6-75,4%,
7- 73,7%, 8-70,2%, 9-65,6%, 10-61,2%, 11-68,8%, 12-75,6%, 13- 72,8%, 14-70,3%, 15-
65,3%, 16-60,4%, 17-58,2%, 18-55,5%, 19-50,4%, 20-48,4%, 21- 84,5%, 22-86,8%, 23-
85,7%, 24-85,0%, 25-77,1%, 26-70,3%, 27-68,5%, 28-64,5%, 29- 62,3%, 30-58,5%).
Reaksiya 60 minut davomida o‘tkazilganda fenol tanlangan atsetilen spirtlari bilan oxirigacha
reaksiyaga kirisha olmasligi, katalizatorlar o‘z faolligini to‘liq namoyon qilmasligi kuzatildi.
Reaksiya 180-240 minut davomida olib borilganda esa katalizatorlar sistemada uzoq vaqt
golishi natijasida gidrolizlanishi, (-OH) guruhga yoki fenolga bog‘lanib inert komplekslar
hosil qilishi, atsetilen spirtlarining oksidlanishi natijasida ketonlar hosil bo‘lishi hamda
karbokation hosil qilganda o‘zaro reaksiyaga kirishib demirlanishi yoki polimerlanishi,
fenolning aromatik halgasida orto-, para- orentatlari faolligi tufayli di-, tri- alkilfenollar hosil
bo‘lishi hisobiga mahsulot unumining kamayishi aniqlandi (1-rasm).

100

0
012345678 9101112131415161718192021222324252627282930
—8—60 min. 120 min. 180 min. 240 min Fenol hosilalari

=]
(=]
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(=]
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1- Rasm. Fenol hosilalari unumiga reaksiya davomiyligi ta’siri
(harorat -25 °C, erituvchi atsetonitril)
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Tadgigqot obyekti sifatida tanlangan atsetilen spirtlarining fenol ishtirokida aromatik
alkinillash  reaksiyalariga  atsetilen  spirtdalarining  fenil ~ radikali ~ R-almashgan
o‘rinbosarlarining ta’siri nazariy tahlil qilindi. Atsetilen spirtlari molekulasidagi fenil
radikaliga birikkan turli tabiatga ega o‘rinbosarlar reaksiya jarayoniga turlicha ta’sir etadi. Bu
ularning molekulaga mezomer yoki induksion ta’siriga bog‘liqdir, ya’ni benzol halqasidagi
elektronodonor guruh (-CH3) o‘rinbosarlari ta’sirida halgadagi elektrofilik almashinuv
reaksiyasini faollashtiradi. Ya’ni, tanlangan atsetilen spirtlari molekulasidagi elektronodonor
o‘rinbosarlar (-CH3) +I ta’sir tufayli m-sistemaga elektron beradi, natijada =-Sistema
faollashadi va aromatik elektrofil reaksiyalar osonlashadi. Bu esa FeCls ishtirokidagi vinilik
kationining fenolga bog‘lanishini tezlashtiradi. Elektronoakseptor guruh (-Cl, -Br, -F) ta’sirida
esa aromatik halgani kam elektron bilan ta’minlanishi natijasida elektrofil hujumi nisbatan
kamrog namoyon bo‘ladi. Katta aromatik guruhli (-Nh, -An) o‘rinbosar tutgan atsetilen
spirtlari fazoviy to‘siqlar tufayli fenolga elektrofil hujum qilishi qiyinlashadi, natijada
mahsulot unumida kamayish kuzatiladi.

Reaksiya tezligini oshirishda katalizatorlarning o‘rni muhimdir. Katalizatorlar reaksiya
mexanizmiga ta’sir qilib, unga maqgbul yo‘l ochadi va natijada faollanish energiyasini
kamaytiradi. Ana shu tamoyil asosida FeCls (temir(l11)xlorid) katalizatori aromatik elektrofilik
alkinillash reaksiyalarida keng qo‘llaniladi.

FeClz — kuchli Lyuis kislotasi bo‘lib, atsetilen spirtlaridagi gidroksil (~OH) guruhini
faol holatga keltiradi, ya’ni uni yaxshi chiqib ketuvchi guruhga aylantiradi. Natijada vinillik
karbokation hosil bo‘lib, u elektrofil sifatida fenol halgasiga hujum qiladi. FeCls ishtirokida bu
oralig bosgichning faollanish energiyasi sezilarli darajada pasayadi, bu esa reaksiyaning
umumiy tezligini oshiradi va yugori unumga olib keladi.

Shunday qilib, FeCls katalizatori nafagat reaksiyani tezlashtiradi, balki reaksiyani
yumshoq sharoitda olib borishga, selektivlik va mahsulot unumini oshirishga xizmat giladi.
Bundan tashgari FeCls katalizatori oson topilishi hamda arzonligi bilan aromatik halgalar bilan
reaksiyalarida eng samarali katalizatorlardan biri hisoblanadi.

Xulosa. Ik bora atsetilen spirtlrini FeCls/MeCN Kkatalitik sistemasi yordamida fenol
ishtirokida aromatik elektrofil alkinillash reaksiyalari orgali fenol hosilalari sintez gilish
jarayoni o‘rganildi, reaksiya mexanizmi taklif etildi hamda olingan mahsulotlar
identifikatsiyalandi. Reaksiya tezligiga katalizator, erituvchilar va boshlang‘ich moddalar
miqdori va tabiatining ta’siri aniqlandi. Tanlangan atsetilen spirtlari molekulasida funksional
guruhlar tabiati va ularning fazoviy ta’sir etish xossasiga ko‘ra FeCls/MeCN Katalitik
sistemasida fenol bilan reaksiyasiga kirishishi —20<19<18<17<30<16<10<29<28<
15<9<27<11<8<14<26<13<7<6<12<25<5<21<24<23<22<1<4<3<?2
qatori bo‘yicha oshib borishi aniglandi.
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Annotatsiya. Ushbu magolada kobalt (I1) ionining ketorolak va amidlardan tashkil topgan
aralash-ligandli kompleks birikmalarini sintez qilish va tahlil gilish bo‘yicha olib borilgan tadqiqot
natijalari yoritilgan. Sintez jarayoni uchun erituvchi asosidagi usullar tanlandi, bunda kobalt (1)
tuzlari (masalan, xlorid yoki atsetat), ketorolak va turli amidlar (formamid, atsetamid,
nikotinamid) ma’lum molyar nisbatda reaksiyaga kirishib yangi tarkibli koordinatsion birikmalarni
xosil gilgan. Komplekslarning tuzilma va tarkibini aniglashda IR, UV-Vis, NMR spektral
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tahlillari, shuningdek, elementar analiz va rentgen fazoviy tahlil (XRD) usullari qo‘llanildi.
Termik analiz orgali kompleks birikmalarning termik bargarorligi aniglandi. Tadgiqot davomida,
ligandlar va kobalt (II) ionining koordinatsion o°zaro ta’siri, elektron konfiguratsiyasi va biologik
faolligi aniglanib, tegishli xulosalar berildi. Ketorolak va uning asosida sintez gilingan
metallokompleks birikmalarining antibakteriyallik xususiyatlari O‘zR  FA Mikrobiologiya
institutining mikroorganizmlar  kolliksiyasidan Bacillus subtilis-5, Escherichia coli-221,
Pseudomonas aeruginosa-225, Staphylococcus aureus-91, Candida albicans-247 shtamlari ustida
laboratoriya sharoitida in vitro usulida o‘rganildi

Kalit so‘zlar: Ketorolak, formamid, atsetamid, nikotinamid, koordinatsion birikma, sintez.

SYNTHESIS AND ANALYSIS OF MIXED-LIGAND COORDINATION
COMPOUNDS OF COBALT (1) ION WITH KETOROLAC AND AMIDES

Abstract. This article presents the results of a study on the synthesis and analysis of
mixed-ligand coordination compounds of cobalt (Il) ions with ketorolac and amides. Solution-
based methods were selected for the synthesis process, where cobalt (11) salts (e.g., chloride or
acetate), ketorolac, and various amides (formamide, acetamide, nicotinamide) reacted in specific
molar ratios to form novel coordination compounds. The structure and composition of the
complexes were determined using IR, UV-Vis, NMR spectroscopic analyses, as well as elemental
analysis and X-ray diffraction (XRD). Thermal analysis was employed to determine the thermal
stability of the coordination compounds. During the study, the coordination interaction between
the ligands and cobalt (II) ions, their electronic configuration, and biological activity were
investigated, leading to relevant conclusions. The antibacterial properties of ketorolac and its
metallocomplex compounds were studied in vitro under laboratory conditions using microbial
strains from the collection of the Institute of Microbiology of the Academy of Sciences of the
Republic of Uzbekistan, including Bacillus subtilis-5, Escherichia coli-221, Pseudomonas
aeruginosa-225, Staphylococcus aureus-91, and Candida albicans-247.

Keywords: ketorolac, formamide, acetamide, nicotinamide, coordination compound,
synthesis.

Kirish. Zamonaviy koordinatsion kimyo va bioanorganik kimyo fanlarining eng
dolzarb yo‘nalishlaridan biri — bu biologik faol ligandlar asosida yangi kompleks
birikmalarni sintez qilish va ularning xossalarni o‘rganishdir. Ayniqsa, kobalt kabi
transition metallarning komplekslari keng ko‘lamli biologik faollik, shu jumladan
antibakterial, antifungal va o‘smaga qarshi aktivlik namoyon etishi tufayli alohida qiziqgish
uyg‘otadi [1,2]. Kobalt (IT) ioni elektron konfiguratsiyasi va keng ko‘lamli koordinatsion
soni tufayli turli xilligidagi ligandlar bilan bargaror koordinatsion birikmalar hosil gilishi
mumkin, ularning strukturaviy xususiyatlari va biofaolligi ligandlar tanasiga bog‘liq [3].

Ketorolak — bu tizimli ta'sir ko‘rsatuvchi nosteroid yallig‘lanishga qarshi dori
(NSAID) bo‘lib, uning farmakologik ta'siri asosan prostaglandinlar sintezini
ingibitsiyalash orqali amalga oshiriladi. Biroq, uning yuqori dozalarda og‘iz va me’da-
shira oshqozon yo‘li shilliq qavatiga zarar yetkazish xavfi mavjud [4]. Zamonaviy
farmatsevtika kimyosida dori preparatlarining samaradorligini oshirish va yon ta'sirini
kamaytirish maqgsadida ularning metalli komplekslarini sintez qilish istigbolli yo‘nalish
hisoblanadi. Ma’lumki, organik ligandlar metall ionlari bilan kompleks hosil qilganda,
ularning biologik faolligi sezilarli oshishi mumkin, bu ko‘pincha metabolitik
barqarorlikning yaxshilanishi va suvda eruvchanlikning oshishi bilan bog‘liq [5].

Amid guruhini o‘z ichiga oluvchi ligandlar koordinatsion kimyoda keng
qo‘llaniladi, chunki ular kuchli koordinatsion qobiliyatga ega bo‘lib, turli metall ionlari
bilan barqgaror chelatli komplekslar hosil giladi [6]. Shu nuqtai nazardan, ketorolak
molekulasini (karboksilik kislota guruhiga ega) va turli amid ligandlarini aralashtirib,
kobalt (II) ioniga nisbatan sinergik ta'sir ko‘rsatadigan aralash-ligandli komplekslarni
yaratish juda magsadga muvofiqdir.

Ushbu tadgiqotning magsadi, kobalt (1) ionining ketorolak va turli amidlar
(masalan, formamid, atsetamid, nikotinamid) asosida yangi aralash-ligandli kompleks
birikmalarini sintez qilish, ularning tarkibi va strukturasini zamonaviy fizik-kimyoviy
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usullar yordamida (IQ, XRD, Atom-absorbtsion spektroskopiya, elementlar tahlili)
o‘rganishdan iborat. Sintez qilinadigan komplekslarning antioksidant va antibakterial
faolligini dastlabki skrining gilish ham tadgigotning muhim vazifalaridan biridir.

Mavzuga oid adabiyotlar tahlili. Koordinatsion kimyo so‘nggi yillarda tez
sur’atlar bilan rivojlanib, tibbiyot, farmatsevtika, biologiya va materialshunoslik kabi
sohalarda keng qo‘llanilmoqda. Metall ionlari ishtirokidagi kompleks birikmalar ko‘plab
biofaol moddalar bilan o‘zaro ta’sirlashib, ularning kimyoviy va farmakologik
xususiyatlarini sezilarli darajada o‘zgartirishi mumkinligi haqida ilmiy manbalarda keng
ma’lumot berilgan [7,8,9].

Kobalt (1) ionining koordinatsion kimyosi ko‘plab tadgiqotlarning diqqat
markazida bo‘lib, u tetra- va oktaedrik konfiguratsiyalarda turli organik ligandlar bilan
bargaror komplekslar hosil giladi. Kobalt komplekslarining biologik faolligi ularning
oksidlanish-gaytarilish jarayonlarida ishtirok etishi, shuningdek, fermentativ reaksiyalarga
o‘xshash katalitik xususiyatlarga ega bo‘lishi bilan izohlanadi [10,11,12]. Ko‘plab
tadqiqotlarda kobalt komplekslarining antibakterial, zamburug‘larga qarshi va o‘smaga
qarshi ta’siri qayd etilgan [13,14].

Ketorolak (CisHi:NOs) nonsteroid yallig‘lanishga garshi dori (NSAID) bo‘lib, u
prostaglandinlar biosintezini to‘suvchi xususiyatga ega. Ammo ketorolacning eruvchanligi
va bargarorligi chegaralanganligi sababli, u turli metall ionlari bilan koordinatsion
komplekslar hosil gilinishi orgali farmakologik samaradorligini oshirish imkoniyatlari
tadqiq qilinmoqda [15,16]. So‘nggi yillarda Zn(II), Cu(II), Mn(II), Co(II) kabi ionlar bilan
sintez gilingan ketorolak komplekslari yuqgori antibakterial va antioksidant faollik
ko‘rsatgani haqida ma’lumotlar bor [17,18]. Amidlar (masalan, karboksamidlar,
sulfonamidlar) koordinatsion kimyoda muhim ligandlar bo‘lib, ular metall ionlari bilan
azot yoki kislorod atomi orgali bog‘lanadi. Ayniqsa, sulfonamidlar asosida sintez gilingan
komplekslar yuqori biologik faollikka ega ekanligi aniglangan [19,20]. Aralash-ligandli
komplekslarda bir nechta turli ligandlarning birgalikda ishtiroki metall markaz atrofida
bargarorlikni oshiradi, elektron zichlikni gayta tagsimlaydi va natijada farmakologik
ta’sirni kuchaytirishi mumkin [21].

Adabiyotlarda kobalt ionining turli NSAID-lar va amid hosilalari bilan
komplekslari o‘rganilgan bo‘lsa-da, ketorolak va amidlarning aralash-ligandli
komplekslari yetarli darajada tadqig gilinmagan [22]. Mavjud izlanishlarda bunday
komplekslarning fizik-kimyoviy xossalari (UV-Vis, IR, PXRD, termik tahlil) va biologik
faolligi (antibakterial, antifungal, antioksidant) yuqgori ekanligi gayd etilgan [23,24]. Bu
esa, yangi komplekslarning sintezi va ularning strukturaviy hamda biologik xossalarini
tahlil qilish dolzarb ekanligini ko‘rsatadi.

Tadqgigot metadologiyasi. Dastlab, sintez uchun zarur bo‘lgan moddalar va
idishlar yig‘ib olinadi. Masalan, CoCl2'2H.O, CisHisNOs (ketorolak) va va amidlar
(formamid,atsetamid,nikotinamid) etanol, NaOH, distillangan suv va kimyoviy idishlar.
Co(ket)2(HCONH2)2(H20). tarkibli kompleks birikma sintezi quyidagicha amalga
oshirildi. 0.745 g (2.0 mmol) ketorolak trometamin 20 ml issig metanolga eritiladi va
buyretkaga o‘tkaziladi. Keyingi bosgichda, 0.238 g (1.0 mmol) CoCl.:6H.O 10 ml
metanol-suv aralashmasida eritiladi. Formamid (HCONH2), 0.090 g (2.0 mmol) eritmasi
ham tayyorlab qo‘yiladi. Tuz eritmasi sekinlik bilan, doimiy aralashtirilgan holda,
ketorolac eritmasiga qo‘shiladi (15-20 minut davomida). Hosil bo‘lgan yashil rangli
aralashma ustiga uchinchi komponent formamid eitmasi 0z-ozdan tomchilatib qo‘shiladi.
Reaksiya aralashmasi 50-60°C (qaynatmasdan) haroratda, 2-3 soat davomida magnetli
aralashtirgichda qizdiriladi. Keyin aralashma xona haroratiga gadar sovutiladi. Bu
jarayonda kompleks birikmaning kristallanishi yaxshilanadi. Aralashmaning pH giymatini
pH qog‘ozi yoki pH-metr yordamida tekshiriladi. pH ni 6.5-7.0 ga etkazish uchun
aralashmaga 2-3 tomchi trietilamin tomiziladi. Bu gadam karboksil kislota guruhini
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deprotonatsiya qilish va keraksiz protonlangan formamidning oldini olish uchun
muhimdir. Hosil bo‘lgan och yashil rangli mayda kristalli cho‘kma etanol bilan yuvilgan
holda, byuxner voronkasi yordamida vakuumda filtrlanadi va quritiladi. Cho‘kma sovuq
metanol bilan bir necha marta yuviladi hamda koordinatsion birikma tarkibida xlorid
ionlarining yo‘qligi, 0.1M AgNOs eritmasi bilan tekshirilib ko‘riladi. Sintezlangan
kompleks birikmaning og‘irligi o‘lchanadi va reaksiya unumi hisoblanadi [25]. Reaksiya
unumi n = 67% ga teng.

Reaksiya tenglamasi:
CoClL'6H20+2(Ci1sH1:NOs-CaH1i1NO3)+2HCONH2—[Co(C1sH12NOs)(HCONH2)2(H20):]+
2C4+H1i1NOs+2HC1+4H-0
Qisga tenglama:

CoCL+2 KetH+2HCONH:+2H.0—[Co(Ket)(HCONH.)(H-0).]+2HCI
Qolgan aralash ligandli koordinatsion birikmalar ham xuddi yugoridagi metod asosida
sintez gilinagan. Nicotinamide (nia) > Acetamide (acm) > Formamide (fm). Bu gatorda
amidlarning faolligi kamayib boradi. Nikotinamid bu qatorda kuchli amid bo‘lib, u hosil
qilgan kompleks birikma eng barqaror bo‘ladi va eng yuqori unumda olingan. Barcha
kompleks birikmalar rangli holatda hosil bo‘ladi, nikotinamidli kompleks birikma ko‘k-
binafsha, atsetamidli kompleks birikma jigarrang hamda formamidli kompleks birikma
och-yashil rangli cho‘kmalar shaklida hosil bo‘ladi. Sintezlangan koordinatsion birikmalar
tarkibi, element analiz gilindi va quyidagi natijalar olingan [26]. Sintez gilingan kompleks
birikmalardagi metall migdori novAA 300 markali Analitik Jena AG firmasi (Germaniya)
atom-absorbtsion spektrofotometrida [27], elementlar miqdori EuroEA3000 CHNS-O

Analyzer (Eurovector S.p.A., Milano, Italy) element analizatorda gayd gilindi [28].

1-jadval
Kobalt va ketorolak hamda amidli koordinatsion birikmalar element analizi natijalari
Ne | Koordinatsion birikma formulasi Brutto Kimyoviy | Nazariy | Amaliy
formulasi: elementlar % %
C 55,41 55,12
1| [Co(Ket)(HCONH:)x(H:0):] | CrHsNaOwoCo H 49 | 511
yoki M=693.63 N 8,08 7,89
Co(Ket)2(fm)2(H20 /mol
[Co(Ket)x(fm)2(H20):] 9 5 53.06
Co 8,50 8,32
56,58 56,20
2 | [Co(Ket)( CHsCONHa)(H:0):] | CsHsNaO1oCo H 532 | 545
yoki M=721.69 N 7,77 7,62
Co(Ket)2(acm)2(H20 /mol
[Co(Ket)2(acm)2(Hz0):] 9 5517
Co 8,17 8,01
C 59,36 58,95
[CO(Ket)z(CGHsNzo)z(Hzo)z] C42H42N6O10Co 499 518
3 yoki M=849.83 ’ ’
[Co(Ket)2(nia)2(H20):] g/mol N 9,89 9,65
18,87
Co 6,93 6,75

Natijalar tahlili. Dastlabki komponentlar bilan kompleks spektridagi farglar
asosida yangi ta’sirlashuv hamda yangi bog‘lar haqgida xulosa chiqarish imkoni mavjudligi
sababli olingan komplekslarning tuzilishini tahlil qilishda 1Q-spektroskopiya usuli
ma’lumotlaridan foydalaniladi. IQ spektrlar yutilish sohalari “SHIMADZU” firmasining
IRAffinity-1S (400-4000 sm™) spektrometrida qayd gilindi [29].
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1-rasm. [Co(Ket)2(fm)2(H20):] kompleks birikmasining 1Q-spektroskopiya tasviri
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2-rasm. [Co(Ket)2(acm)2(H20):] kompleks birikmasining 1Q-spektroskopiya tasviri
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3-rasm. [Co(Ket)z(nia):(H20):] kompleks birikmasining 1Q-spektroskopiya tasviri
Ketorolak va kobalt(Il) xlorid geksagidrat tuzi alohida-alohida, hamda bu ikki modda
asosida sintez gilingan kompleks birikmaning 1Q (infraqgizil) spektrlari tahlil gilindi.
Bunga ko‘ra ketorolak spektrida 1720 va 1705 sm™ da joylashgan C=0O valent
tebranishlariga xos to‘lginlar aniglandi [30]. Bu ketorolak tarkibidagi karboksil guruhiga
tegishli. Bundan tashqari, 2729-2749 sm™ oraligiida karboksil guruhining O-H
tebranishlariga xos to‘lginlar kuzatildi. Kobalt(II) xlorid geksagidrat spektrida esa suv
molekulalari va amin guruhiga xos bo‘lgan tebranishlar qayd etildi: 3369 va 3560 sm™ da
suvning O-H tebranishlari,3311sm™ va 3225 sm™ (NHz) guruhining assimmetrik va
simmetrik tebranishlariga xos chastotalar kuzatildi.. 535 dan 565 sm™ gacha bo‘lgan
oraligda esa Co—O bog‘lariga tegishli past chastotali tebranishlar mavjud. Keyin ketorolak
va rux(I)nitrat tuzi asosida sintez qilingan kompleksning IQ tahtiliga ko‘ra, ketorolakning
C=0 tebranish to‘lqini 1732 dan 1739 sm™ ga, 1693 dan 1683 sm™ ga siljigan. Bu C=0
guruhi kobalt ioni bilan bog‘langanini ko‘rsatadi. Shuningdek, O—H tebranishlariga xos
bo‘lgan yuqori to‘lginlar spektrda yo‘qolgan, bu karboksil guruh protonini yo‘qotib, (II)
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ioni bilan kompleks hosil qgilganidan dalolat beradi. Bundan tashqari, 530 dan 570 sm™
oralig‘ida yangi tebranishlar aniglangan, ular Co—O bog‘lari hosil bo‘lganini tasdiglaydi.
Yuqoridagi 1Q spektr tahlillari asosida ketorolak va kobalt(I)nitrat geksagidrat o‘rtasida
kompleks birikma hosil bo‘lgani aniqlandi. Ketorolak molekulasi o‘zidagi karboksil
guruhi orqgali Co(Il) ioni bilan bog‘langan. C=O tebranishlarining siljishi, O-H
tebranishlarining yo‘qolishi va yangi Co—O bog‘lariga xos tebranishlarning paydo bo‘lishi
bunga asosiy dalildir.

Xulosa va takliflar. Ketorolak trometamin, mos kobalt (I1) tuzi va turli amidlardan
foydalangan holda suv-metanol muhitida, aralash-ligandli kompleks birikmalar
[Co(Ket)2(H20):], [Co(Ket)z(fm)2(H20):], [Co(Ket)2(acm)2(H20)2] va [Co(Ket)z(nia)2(Hz
0):] muvaffagiyatli sintez gilindi. Bu jarayonda, barcha reaksiyalar eritmaning muhiti
pH=6,5-7 holatda, 50°C haroratda, 2-3 soat davomida olib borilgan. 1Q spektrlarida
kuzatilgan siljishlar ketorolakning karboksilat guruhi orgali bidentat, amidlarning esa mos
ravishda kislorod (fm, acm) yoki azot (nia) atomi orgali monodentat ligand sifatida kobalt
(1) ioniga koordinatsiyalanganligini isbotladi. Sintezlangan, barcha koordinatsion
birikmalar izostruktarali bo‘lib, [Co(Ket)z(L)2(H20)2] umumiy formulaga ega. Kompleks
birikmalar tarkibidagi markaziy atom, kobaltning koordinatsion soni 6 ga teng bo‘lib,
sp3d? holatda gibridlangan.
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Annotatsiya. Ushbu ilmiy magolada Ross-308 broyler tovuglari va Beliy gigant broyler
bedanalarining ozuqa ratsioniga turli haroratda termik ishlov berilgan sut zardobining qo‘shilishi
orqali quruq modda hazmlanishi va mahsuldorlik ko‘rsatkichlariga ko‘rsatgan ta’siri o‘rganildi.
Tadgigotda 13% va 15 % miqdorlardagi sut zardobi 10-15°C, 18-22°C, 28-31°C va 37-42°C
haroratlarda isitilib, “Start” (1-14 kun), “O‘sish” (15-28 kun) va “Finish” (29-42 kun)
bosqichlarida ratsionga qo‘shilib berildi. Har bir bosqichda parrandalarning ozuqga iste’moli, tana
massasi ortishi, yemdan foydalanish koeffitsienti va qurug modda hazmlanishi baholandi.

Olingan natijalari harorat ortishi bilan hazmlanish ko‘rsatkichlari oshganini ko‘rsatdi.
Aynigsa, 37-42°C da qayta ishlangan zardob ozuqaning eng yaxshi hazm bo‘lishiga,
parrandalarning tez o‘sishiga va maksimal mahsuldorlikka erishishga xizmat qilgan. Tajriba
guruhlarida quruq moddaning hazmlanishi, ozuqa o‘zlashtirish darajasi hamda tana og‘irligi
nazorat guruhlariga nisbatan ancha yuqori bo‘ldi. Tadgiqotdan xulosa gilinadiki, optimal haroratda
termik ishlov berilgan sut zardobi arzon, biologik faol va ekologik xavfsiz ozuqaviy qo‘shimcha
sifatida parrandalar ratsioniga samarali tarzda qo‘shilishi mumkin.

Kalit so‘zlar: ozuga ratsioni, suzma, pishlog, sut zardobi, ozuqaviy qo‘shimcha, harorat,
ozuga iste’moli, kunlik o‘sish.

EFFECT OF WHEY TEMPERATURE ON DRY MATTER DIGESTION AND
PRODUCTIVITY INDICATORS.

Abstract. This scientific article investigated the effect of adding whey thermally treated at
different temperatures to the diet of Ross-308 broiler chickens and Bely giant broiler quails on dry
matter digestibility and productivity. In the study, whey in amounts of 13% and 15% was heated at
temperatures of 10-15°C, 18-22°C, 28-31°C and 37-42°C and added to the diet at the “Start” (1—
14 days), “Growth” (15-28 days) and “Finish” (29-42 days) stages. At each stage, feed intake,
body weight gain, feed conversion ratio and dry matter digestibility of the birds were evaluated.
The results showed that digestibility increased with increasing temperature. In particular, whey
processed at 37-42°C contributed to the best feed digestibility, rapid growth of birds and
maximum productivity. Dry matter digestibility, feed conversion ratio and body weight in the
experimental groups were significantly higher than in the control groups. The study concludes that
whey thermally processed at the optimal temperature can be effectively added to the poultry diet as
an inexpensive, biologically active and environmentally safe nutritional supplement.

Keywords: feed ration, whey, cheese, whey, nutritional supplement, temperature, feed
consumption, daily growth.

Kirish. Ozugaviy qo‘shimchalar parrandachilikda parrandalarning sog‘lom o°‘sishi,
yugori mahsuldorligi va yaxshi immuniteti uchun muhim rol o‘ynaydi.. Shu bois, ozuga
tarkibini boyitish va arzon hamda samarali tabily ozuqaviy qo‘shimchalarini izlab toppish,
ularni amaliyotda qo‘llash bo‘yicha chora tadbirlarni ishlab chiqish bugungi kunda
mamlakatimizda ozuqa bazasini mustahkamlab, to‘yimli ozugalar importini oldini olishga
erishish yo‘lidagi dolzarb masalalardan biri hisoblanadi [3, 11].

So‘ngi paytlarda har tomonlama qulay ozuqaviy qo‘shimchalarni izlab topish va
ularni ilmiy asoslashga alohida ¢’tibor garatilmoqda. Bunday ozuqaviy qo‘shimchalardan
biri sifatida sut zardobi hisoblanadi [4]. Sut zardobi — bu sutni gayta ishlash korxonalarida
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sutdan turli mahsulotlar pishlog, suzma, yogurt kabi mahsulotlar tayyorlash jarayonida
ajralib chigadigan va deyarli smarali foydalanilmaydigan, o‘ziga xos ozugaviylik
giymatga egaligi va ozugalarning ozugaviylik xususiyatlarini oshirishdagi imkoniyatlari
baholanib unga ko‘ra sut zardobining tarkibida o‘rtacha qurug modda 6,0-6,9%, protein -
0,5-0,9%, sut shakari — 4,2-4,6%, yog* - 0,4-0,6%, AEM — 4,3-5,2%, kul - 0,7-0,8% ni
tashkil etadi, shuningdek, mineral tuzlar, vitaminlar (Bi, B2, Bs, B12, C, PP, A, E)
fermentlar va organik kislotalar mavjud, shu bilan birgalikda sut zardobining ozuga birligi
0,13 suli ozuga birligini tashkil etadi va ushbu tarkibiy gismlari asosida sut zardobi
ozuqalarning to‘yimliligini oshiradi, ozuqaviylik qiymatlarini ham yaxshilab, hazm
jarayonlariga ham ijobiy ta’sir ko‘rsatadi [1, 4, 6, 9].

Sut zardobining yuqorida keltirilgan ozuqaviylik ko‘rsatgichlaridan hamda
hayvonlar hazm jarayonlariga stimullovchi ta’sir ko‘rsatishi, shu bilan birgalikda o‘zining
yuqori biologik qiymati hamda kimyoviy tarkibining boyligidan kelib chiqib so‘ngi
paytlarda hayvonlarni oziglantirishning samaradorligini oshirish magsadida hayvonlarni
oziglantirish amaliyotida ozugalarning ozugaviylik samaradorligini oshirish magsadida sut
zardobini ozuqalarga ozuqaviy qo‘shimcha sifatida qo‘shishning o‘ziga xos tartibini va
uning ilmiy asoslarini ishlab chiqishga keng miqoyisida e’tibor qaratilmoqda [7, 8, 10].

Ozugalarning ozugaviyligini oshirishda ozugalarga ishlov berishning kumyoviy,
mexanik, termik, biologik kabi wusullardan keng foydalaniladi. Ozugalarning
ozuqaviyligini oshirishda termik usul keng qo‘llaniladi va shu bilan birgalikda ozuqaviy
qo‘shimchalarni qo‘llashda ham yuqori harorat omillaridan keng foydalaniladi. Harorat -
bu nafagat fizik omil, balki hayvon organizmida ozigni gabul gilish, hazm qilish va
o‘zlashtirish jarayonlariga bevosita ta’sir qiluvchi muhim omildir. Shuning uchun
parrandachilik sohasida ozuqalarning ozuqaviyligini oshirishda qo‘shimcha sifatida
qo‘llaniladigan ozugaviy qo‘shimchalardan foydalanishda qo‘shimchalarning optimal
haroratini belgilash muhim ahamiyatga ega [2, 5]. Aynigsa yosh hayvonlarda (masalan,
buzoglarda) ilig suyugliklar sovuq suyugliklarga nisbatan yaxshiroq gabul gilinadi. Sut
zardobining harorati, uning hayvon tomonidan iste’mol qilinishi, ichki tizimlarga
o‘zlashtirilishi, hamda umumiy sog‘lom o‘sish ko‘rsatkichlariga sezilarli ta’sir ko‘rsatadi.
Bundan tashqari, optimal harorat nafagat ozuganing gabul gilinishiga, balki oshgozon
ichak tizimidagi mikroflora muvozanatiga ham ta’sir qilib energiya sarfini kamaytirib,
ozugani samarali hazm gilishga yordam beradi, sovuq esa, aksincha, tananing energiyasini
isitishga yo‘naltirib, umumiy o‘sish va rivojlanish jarayonlariga salbiy ta’sir ko‘rsatishi
mumkin. [4, 5, 6].

Yuqorida keltirilganlardan kelib chiqib parrandachilikda ozugaviy qo‘shimcha
sifatida qo‘llaniladigan sut zardobi haroratining hayvonlar tominidan ozuqalarni iste’moli
qilish darajasi, quruq moddalarning hazmlanishi va o°‘sish ko‘rsatgichlariga qanday ta’sir
gilishini aniglash va optimal haroratini belgilash oziglantirish amaliyotida muhim
ahamiyatga ega.

Tadqgiqot magsadi go‘sht yo‘nalishidagi Ross-308 zotli broyler tovuq va Beliy
gigant zotli broyler bedanalar ozuga ratsioniga tabiiy ozuqaviy qo‘shimcha sifatida
qo‘shiladigan sut zardobi haroratinining ozuqga iste’moli, umumiy qurugq moddalar
hazmlanishi va o‘sish ko‘rsatgichiga ta’sirini aniglash.

Tadgiqot vazifalari Ross-308 zotli broyler tovuq va Beliy gigant zotli broyler
bedanalarining o‘sish va rivojlanishi, fiziologik xususiyatlari bo‘yicha farglanuvchi
“Start” (2-14 kunlik), “O‘sish” (15-28 kunlik) va “Finsh” (29-42 kunlik) davrlari uchun
ozuga ratsioni shakillantirish, shakillantirilgan ozuga ratsionini turli haroratli ozuga
massasiga nisbatan 13%va 15 % miqdorida sut zardobi bilan boyitish, tajriba hayvonlarini
zootexnik qoidalar asosida oziqlantirish, iste’mol qilingan ozuga miqdori, iste’mol
qilingan ozuqa tarkibidagi to‘yimli moddalarning hazmlanish darajalari va o°sish
ko‘rsatgichini aniqlash.
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Tadgigot metodologiyasi. Tadqgiqot ob’yekti sifatida barcha morfofiziologik
ko‘rsatkichlari bo‘yicha analog bo‘lgan, Ross-308 zotli Broyler tovuglari va Beliy gigant
zotiga mansub broyler bedanalari tanlab olindi va tadgigotlar optimal iglim sharoitlarida,
tabiiy ventilyatsiyalanuvchi va zootexnik goidalar asosida olib borildi.

Tadgiqotlarini olib borish uchun har ikkala hayvon turlaridab 5 tadan guruh
shakillantirilib, ushbu guruh hayvonlari uchun muvozanatlashtirilgan ozuga ratsioni tuzildi
va tajriba guruhlarining ozuqga ratsioni o‘rtacha 10-15°C (1-tajriba), 18-22°C (2-tajriba),
28-31°C (3-tajriba), 37-42°C (4-tajriba) va 50-55°C (5-tajriba) harortli sut zardobi bilan
boyitildi va ushbu ozugalar bilan oziglangan tovuq va bedanalarning iste’mol gilgan ozuga
miqdori — berilgan va yem idishida qolgan ozuqa miqdorini elektron tarozida tortish yo‘li
bilan, o‘sish ko‘rsatgichi — har kuni ertalab ozuga berishdan oldin elektron tarozida tortish
yo‘li bilan hamda ozuga ratsioni tarkibidagi umumiy qurugq moddalarning hazmlanish
darajalari — hisoblash yo‘li bilan aniqlandi.

Natijalar va muhokama. Turli haroratlarda sut zardobi bilan boyitilgan ozugalar
tovuqlar va bedanalar tomonidan iste’mol qilinayotgan ozuqa miqdoriga sezilarli ta’sir
ko‘rsatdi. Tadqiqotlarimizda zardobning haroratni turli darajada bo‘lishini belgilashda
xona, hayvon tanasining, ozuga hamda pishloq ishlab chigarishda ajralib chigadigan sut
zardobining haroratlari asos gilib olindi, ushbu haroratlarga asoslanib turli haroratdagi sut
zardobining hayvonlar ozuqa iste’moli miqdoriga ta’siri aniglandi (1-jadvalga garang)

1-jadval
Turli haroratli sut zardobining ozuqa iste’moliga ta’siri (gr) (M+m, n=60) :

Tajriba guruhlari O‘sishi va rivojlanish xususiyatlari bo ‘yicha farqlanuvchi davrlar
Start O‘sish ‘ Finish
Ross-308 zotli broyler tovug zoti (n=30)
1-tajriba guruhi 453,449,06 1092,3428,36 2272,4+45,44
2-tajriba guruhi 468,2+11,70 1128,4+25,95 2348,3+29,06
3-tajriba guruhi 485,9+10,68 1164,1+27,93 2422,4+48,25
4-tajriba guruhi 502,6+15,07 1198,7+29,96 2504,5+52,59
5-tajriba guruhi 475,5+12,63 1131,2+19,28 2358,5+36,60
Beliy gigant bedana zoti (n=30)
1-tajriba guruhi 184,245,15 449,6+10,34 541,1+14,06
2-tajriba guruhi 190,8+6,10 467,9+12,63 563,7+15,78
3-tajriba guruhi 196,7+5,70 483,1+14,49 581,6+16,28
4-tajriba guruhi 201,3+5,43 498,9+10,47 603,4+15,08
5-tajriba guruhi 192,1+5,76 474,8+14,24 568,4+14,77

Jadvaldagi ma’lumotlarga ko‘ra, sut zardobi haroratining ozuqa iste’molini
oshiruvchi ta’siri Broyler tovuglari va Bedanalarining har uchala davrda (Start, Rost,
Finish) ham kuzatilgan. Keltirilgan ma’lumotlarga ko‘ra har ikkala hayvon turlarida ham
boshlang‘ich, ya’ni 10-15°C haroratdagi sut zardobi bilan boyitilgan ozuganing iste’mol
gilinishiga nisbatan 2, 3- va 4-tajriba guruhi hayvonlarining ozuqa iste’moli ortib borgan
va hayvon tanasining haroratiga mos bo‘lgan haroratdagi sut zardobi bilan boyitilgan
ozugalarning iste’mol qilinish darajasi eng yuqori darajada ekanligi aniqlandi.
Ozuqalarning iste’mol qilinish darajasi 50-55°C haroratli sut zardobi bilan boyitilgan
ozuqalarning hayvonlar tomonidan iste’mol qilinish darajasi ham sezilarli darajada
kamaydi.

Broyler tovuglari va bedanalaridan tashkil etilgan 4-tajriba guruhiga nisbatan 1-
tajriba guruhida — o‘rtacha 9,43%, 2-tajriba guruhida — 6,15%, 3-tajriba guruhida 3,09%
va 5-tajriba guruhida — 5,34% ga ozuqa iste’moli pasayishi aniqlandi. Bu yerda har ikkala
parranda turlarida ham bir-biriga mos natijalarga erishildi. Demak harorat oshgani sayin
ikkala parrandalarda ham ozuqga iste’moli ortib borishi kuzatildi, shu bilan birgalikda sut
zardobining harorati ishlab chiqarish jarayonidan ajralgan paytdagiga teng bo‘lgan
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haroratdagi sut zardobi bila boyitilishi natijasida ham ozuqalarning iste’moli kamayishi
kuzatildi va ushbulardan kelib chiqib sut zardobini ozugaviy qo‘shimcha sifatida
qo‘llashning eng optimal harorati 37-42°C ekanligi aniglandi.

Umuman olganda parrandalarni oziglantirish uchun shakillantirigan ozuga ratsionini
optimal haroratdagi sut zardobi bilan boyitish ozuqalarning iste’mol qilinish darajalarini
oshirishi bilan birgalikda ozuqa tarkibidagi qurug moddalarning hazmlanish darajalarini
ham oshirishi mumkin. Ozuqaviy qo‘shimcha sifatida qo‘llanilgan sut zardobi harorati
ozuqga tarkibidagi umumiy quruq moddaning hazmlanish darajalariga turlicha ta’sir
ko‘rsatishi mumkin, umuman olganda sut zardobining ozugaviy qo‘shimcha sifatida
qo‘shililishidagi haroratining to‘yimli moddalarning hazmlanish darajalarini kompleks
ravishda oshirishi tadgiqot natijalarida aniglandi (2-jadvalga garang).

73.0 o~ Broiler M
72.5

72.0

Hazmlanish (%)

71.0

10-15°C 18-22°C 28-31°C 37 /i.)”(, 50 ';')"(,
Sut Zardobi Harorati (°C)

1-rasm. Broyler tovug‘i ozuqalari tarkibidagi quruq moddalar hazmlanishiga sut zardobi

haroratining ta’siri, % da.
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71.75
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2-rasm. Bedana ozugqalari tarkibidagi quruq modda hazmlanishiga sut zardobi haroratining ta’siri,
% da.

Mazkur tadgiqotda Ross-308 zotli broyler tovuglari va Beliy gigant broyler
bedanalarining Start, O‘sish va Finish davrlarida ozuqalarni boyitish magsadida
qo‘shilgan sut zardobining harorat ko‘rsatgichi ozuqa tarkibidagi umumiy quruq modda
hazmlanishiga sezilarli darajada ta’siri kuzatildi. Sut zardobi turli haroratda (10-15°C, 18-
22°C, 28-31°C, 37-42°C, 50-55°C) termik ishlov berilgan holda ozuqaga qo°‘shildi.
Olingan natijalar shuni ko‘rsatdiki, barcha tajriba guruhlari ichida 37-42°C haroratli sut
zardobi bilan boyitilgan ozuqalar bilan oziglantirilgan broyler tovuglari va bedanalar
organizmida ozugqlar tarkibidagi qurug modda hazmlanishi maksimal darajaga erishdi.

Ozugalarni optimal haroratdagi sut zardobi bilan boyitilishi natijasida ozuqalar
nisbatan yumshaydi, hazm tizimida fermentlar faolligi oshadi, ichak mikroflorasi
yaxshilanadi, ogsil va yog‘lar yaxshiroq hazm bo‘ladi. Bundan tashqari, past harorat (10-
15°C) hazm qilish fermentlarining faolligini susaytirib, ozuqaviy moddalarning so‘rilishini
cheklaydi. Juda yuqori harorat (50-55°C) esa ogsillarni denaturatsiya qilishi va bioaktiv
moddalarning parchalanishiga olib kelishi mumkin. Ushbu tadgiqot natijalari shuni
ko‘rsatadiki, parrandalarni oziqlantirishda sut zardobidan samarali foydalanish uchun uni
37-42°C haroratda termik ishlov berish tavsiya etiladi. Bu yondashuv parranda
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mahsulotlarining sifati va miqdorini oshirish, oziglantirish xarajatlarini kamaytirish va
ekologik barqarorlikni ta’minlashga xizmat qiladi.

So‘nggi yillarda parrandachilik sohasida mahsuldorlikni oshirish, mahsulot sifatini
yaxshilash va sohaning igtisodiy samaradorligini oshirish magsadida turli tabiiy ozugaviy
qo‘shimchalardan foydalanish kengayib bormoqda. Shunday samarali ozugaviy
qo‘shimcha sifatida sut sanoatining ikkilamchi mahsuloti sut zardobining ozuqa ratsioniga
ozuqaviy qo‘shimcha sifatida qo‘shilishi alohida ahamiyatga ega. Shulardan kelib chiqib,
turli haroratga ega sut zardobi bilan boyitilgan ozuga ratsionlarining broyler tovuglari va
bedanalarning o‘sish ko‘rsatgichlariga ta’siri aniglandi (2-jadvalga garang).

2-jadval
Turli haroratli sut zardobi bilan boyitilgan ozuqalarning broyler tovuq va bedanalar o‘sish
ko‘rsatgichiga ta’siri (gr) (M£m)

Tajriba guruhlari O sishi va rivojlanish xususiyatlari bo‘yicha farqlanuvchi
davrlar
Start | O'sish | Finish
Ross-308 zotli broyler tovug zoti (n=30)
1-tajriba guruhi 124,50+4,73 510,18+5,31 1252,59+7,58
2-tajriba guruhi 130,62+5,92 540,65+6,22 1318,69+5,56
3-tajriba guruhi 137,72+3,13 593,67+7,81 1426,64+6,80
4-tajriba guruhi 145,61+4,37 653,98+6,62 1546,88+4,41
5-tajriba guruhi 139,45+5,18 612,45+7,37 1478,69+6,36
Beliy gigant bedana zoti (n=30)
1-tajriba guruhi 28,68+0,86 145,43+2,36 277,64+4,33
2-tajriba guruhi 31,25+0,94 152,61+3,58 289,78+5,69
3-tajriba guruhi 37,45+1,12 160,84+4,83 308,74+5,26
4-tajriba guruhi 42,44+1,27 167,25+6,02 314,91+3,45
5-tajriba guruhi 38,65+1,16 162,41+4,87 305,89+4,18

Tadgiqotlar olib borilgan har ikkala parranda turida ham o‘sish va rivojlanishi
hamda fiziologik ko‘rsatgichlari bo‘yicha farqlanuvchi Start, Rost va Finsh davrlarida ham
37-42°C haroratli sut zardobi bilan boyitilgan ozuqalar parrandalar uchun eng yuqori
o‘sish sur’atlarini ta’minladi. Bu haroratda oziq moddalar yaxshiroq hazm bo‘lib,
parrandalarning umumiy rivojlanishi, massasi va mahsuldorligi yaxshilandi. Juda past
harorat (10-15°C) yoki juda yuqori harorat (50-55°C) esa samaradorlikni kamaytirib,
ozuga iste’moli va quruq moddalarning hazmlanish darajalari kamayib, hayvonlar o‘sish
ko‘rsatkichlariga salbiy ta’sir ko‘rsatdi. Sut zardobi ozuqa ratsioniga qo‘shilganda uni
optimal 37-42°C haroratda ishlov berish tavsiya etiladi. Bu parrandalarning kunlik o‘sish
ko‘rsatkichlarini oshirib, parrandachilikda sifatli mahsulot yetishtirishni ta’minlaydi.

Xulosa: Ozugaviy qo‘shimcha sifatida qo‘llaniladigan sut zardobining optimal
harorati parranda kunlik ozuqa iste’mol qilinishini, ozuqalarining tarkibidagi quruq modda
hazmlanish darajalarini va kunlik o‘sish ko‘rsatgichlarini sezilarli darajada yaxshilaydi.
Bu esa yuqori hayvonlarning o°sish va rivojlanish jadalligi, mahsuldorlik ko‘rsatgichlari
hamda mahsulot sifatining oshishi, immunitetning mustahkamlanishi va sohaning
iqtisodiy samaradorligi, ozuqaviy qo‘shimchalarni takomillashtirish va ozuqa bazasini
mustahkamlshga erishiladi.
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Annotatsiya. Ushbu magolada 2025-yil aprel-may oylarida Buxoro viloyati G‘ijduvon
tumani maktablarida tahsil olayotgan 7—17 yoshdagi 269 nafar o‘quvchining jismoniy rivojlanishi
antropometrik usullar yordamida o‘rganildi. Tadqiqot davomida bo‘y, tana vazni, ko‘krak qafasi
aylanasi va tana massasi indeksi (BMI) o‘Ichovlari aniglandi. Olingan natijalar O‘zbekiston milliy
standartlari hamda Jahon sog‘ligni saqlash tashkiloti (WHO) ko‘rsatkichlari bilan solishtirilib,
o‘quvchilarning jismoniy rivojlanish darajasi va holati tahlil gilindi. Tahlil natijalari ayrim yosh
guruhlarida tana vazni yetishmovchiligi va ortigcha vazn holatlari mavjudligini ko‘rsatdi. Bu
holatlar maktab o‘quvchilarining salomatligini doimiy monitoring qilish, individual yondashuv
asosida sog‘lomlashtirish va jismoniy tarbiya dasturlarini takomillashtirish zarurligini ko‘rsatadi.
Shuningdek, maqolada antropometrik monitoringni maktab amaliyotiga joriy etish va o‘quvchilar
salomatligini nazorat qilish bo‘yicha amaliy tavsiyalar berilgan.

Kalit so‘zlar: jismoniy rivojlanish, antropometriya, tana massasi indeksi, maktab
o‘quvchilari, sog‘lomlashtirish, monitoring.

ASSESSMENT OF THE PHYSICAL DEVELOPMENT STATUS OF
SCHOOLCHILDREN IN GIJDUVON DISTRICT, BUKHARA REGION
THROUGH ANTHROPOMETRIC INDICATORS

Abstract. This article investigates the physical development of 269 schoolchildren aged
7—17 from the G‘ijduvon district of Bukhara region during April-May 2025 using anthropometric
methods. Key measurements including height, body weight, chest circumference, and body mass
index (BMI) were recorded. The results were analyzed against the national standards of
Uzbekistan and the World Health Organization (WHO) guidelines to assess the level and condition
of physical development. The analysis revealed the presence of underweight and overweight cases
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among certain age groups. These findings emphasize the need for continuous health monitoring of
schoolchildren, developing individualized health improvement plans, and enhancing physical
education programs. Furthermore, the article offers practical recommendations for implementing

anthropometric monitoring and maintaining ongoing health supervision in schools.

Keywords: physical development, anthropometry, body mass index, schoolchildren,
health promotion, monitoring

Kirish. Jismoniy rivojlanish bolalar va o‘smirlarning umumiy salomatligini
baholashda muhim ko‘rsatkich hisoblanadi. [8] Buxoro viloyati G‘ijjduvon tumanidagi
maktab o‘quvchilarining antropometrik ko‘rsatkichlari 2025-yil aprel-may oylarida
o‘rganilib, ularning milliy va xalqaro standartlarga muvofiqligi tahlil qilindi. Ushbu
tadgigot mintaqaviy sog‘lomlashtirish dasturlarini ishlab chigishda asos bo‘lib xizmat
giladi. [1]

Tadqgigot metodologiyasi. Tadgigotda 7-17 yoshdagi jami 269 nafar maktab
o‘quvchisi ishtirok etdi:

e 7-8 yosh: 98 nafar (52 qiz, 46 o‘g‘il)

12-13 yosh: 86 nafar (39 qiz, 47 o‘g‘il)

16-17 yosh: 85 nafar (51 qiz, 34 o°g‘il)

O‘Ichovlar quyidagi usullar bilan amalga oshirildi:
Bo‘y (sm) — antropometr yordamida

Vazn (kg) — elektron tarozi yordamida

Ko‘krak qafasi aylanasi (sm) — o‘Ichov lenta yordamida

o Tana massasi indeksi (BMI) kg/m? da hisoblandi. [6]

Olingan natijalar O‘zbekiston Sog‘ligni saqlash vazirligi va Jahon sog‘ligni saqlash
tashkiloti (WHO) standartlari bilan solishtirildi. [2] Statistik tahlil SPSS 26.0 dasturida t-
test va ANOVA yordamida bajarildi. [5]

Natijalar va muhokama. Tana massasi indeksi (BMI) bo‘yicha yoshga nisbatan
tahlil. 7-8 yosh guruhida tana vaznining me’yorda ekanligi fagat 12% bolalarda qayd
etildi, 33%ida tana vazni yetishmovchiligi, 55%ida esa tana vaznining sezilarli tanqisligi
kuzatildi. O‘rtacha BMI 16,0 + 0,02.

= me'yor = tana vazni yetishmovchiligi tana vazni sezilarli tanqisligi

7-8 Yoshdagi bolalarning tana massa indeksi (16,0£0,02) bo’yicha tahlili

12-13 yosh guruhida tana vazni me’yorda bo‘lganlar 28%, tana vazni
yetishmovchiligi 43%, tana vaznining sezilarli tanqgisligi 26%, ortiqcha vazn va birinchi
darajali semizlik esa 3%ni tashkil etdi. O‘rtacha BMI 18,2 + 0,04.

= Me'yor m Tana vazni vetishmasligi
tana vaznining sezilarli tanqisligi m Tana vazni ortigqchaligi
= Birinchi darajali semizlik

12-13 Yoshdagi bolalarning tana massa indeksi (18,2+0,04) bo’yicha tahlili.

16-17 yosh guruhida tana vaznining me’yorda bo‘lishi 66%, tana vazni
yetishmovchiligi 14%, tana vaznining sezilarli tangisligi 1%, ortiqcha vazn 14%, birinchi
darajali semizlik 5%ni tashkil etdi. O‘rtacha BMI 21,9 + 0,05.

e
109




QarDU xabarlari BIOLOGIYA 2025 3(2)

= me'yor ™ tana vazni yetishmasligi tana vazni sezilarli tangisligi

m tana vazni ortigchaligi m birinchi darajali semizlik

16-17 Yoshdagi bolalarning tana massa indeksi (21,9+0,05) bo’yicha tahlili.

Tadgiqotda 7-8, 12-13 va 16-17 yoshdagi o‘g‘il va qiz bolalarning bo‘y uzunligi,
tana massasi va ko‘krak qafasi aylanasi ko‘rsatkichlari o‘lchandi va milliy me’yorlar bilan
solishtirildi. Quyidagi jadvalda olingan natijalar, me’yoriy ko‘rsatkichlar va ularning
me’yorga nisbatan foiz ko‘rsatkichlari keltirilgan.

Jadval 1.
Bo‘y, tana massasi va ko‘krak qafasi aylanasi ko‘rsatkichlari (p=0.001)
Ko‘rsatkichlar 7-8 yosh 12-13 yosh 16-17 yosh
O‘gfil Qizlar, O‘gil Qizlar, O‘gfil Qizlar,
bolalar, n=46 bolalar, n=47 bolalar, n=34
n=52 n=39 n=51
Bo‘y Olingan 125,4+0,00 | 124,60, | 147,60, | 146,6+0, | 172,7+0,00 | 160,7+0,
uzunligi | natija 1 0013 001 0017 1 0012
(sm)
Me’yor 132,140,6 | 131,940, | 162,640, | 159,6+0, | 175,03+0,6 | 162,80,
6 6 5 5
Me’yorga | 94.9% 94.5% 90.8% 92% 98.7% 98.7%
nisbatan
holat, %
Tana Olingan 25,740,09 | 24,6+0,1 | 41,2+0,3 | 38,350, | 62,9+023 60,2+0,3
massasi natija 15
(kg)
Me’yor 29,2+0,5 29+0,5 49,5+0,7 | 51+0,5 67,8+0,5 57,3+0,3
Me’yorga | 94.9% 94.5% 90.8% 92% 98.7% 98.7%
nisbatan
holat, %
Ko ‘krak Olingan 62,840,09 | 60,850, | 74,3+0,2 | 69,3+0,1 | 85,98+0,14 | 86,17+0,
gafasi natija 09 7 5
aylanasi
(sm) Me’yor 61,96+0,5 | 62,96+0, | 72,4+0,7 | 69,53+0, | 86,5+0,8 82,6+0,4
5 7
Me’yorga | 101% 97% 103% 99.7% 99% 104%
nisbatan
holat, %

Jadvaldan ko‘rinib turibdiki, barcha yosh guruhlarida olingan bo‘y uzunligi
ko‘rsatkichlari me’yoriy giymatlarga nisbatan biroz past (90,8% dan 98,7% gacha),
aynigsa 12—13 yoshdagi o°g‘il bolalarda bo‘y o‘sishi me’yordan ancha past (90,8%).

Tana massasi ko‘rsatkichlari ham me’yoriy qiymatlarga nisbatan past bo‘lib,
aynigsa 12—13 yoshdagi qizlarda (75%) va o‘g‘il bolalarda (83%) sezilarli darajada
yetishmovchilik kuzatilmoqda.

Shu bilan birga, ko‘krak qafasi aylanasi ko‘rsatkichlari asosan me’yor atrofida
yoki undan biroz yuqori (97% dan 104% gacha), bu mushak va o‘pkalar rivojlanishining
yaxshi holatidan dalolat beradi.

Tadgiqot natijalari G‘ijduvon tumani sharoitida bolalar jismoniy rivojlanishiga
iglim, ovqatlanish va jismoniy faollik darajasi ta’siri mavjudligini ko‘rsatadi. Bo‘y va tana
massasi ko‘rsatkichlarining me’yordan pastligi, aynigsa, kichik yoshdagi bolalarda tana
vazni yetishmovchiligi yuqori ekanligi aniqlanib, bu yoshda sog‘lom ovqatlanish va
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jismoniy faollikni oshirish zarurligini ko‘rsatadi. 12-13 yoshda vazn yetishmovchiligi hali
ham muammo bo‘lib qolmoqda, biroq ortiqcha vazn va semizlik holatlari ham paydo bo‘lishi
boshlanadi. 16-17 yoshda tana vazni me’yorda bo‘lgan bolalar ko‘payadi, ammo ortiqcha
vazn va semizlik holatlari ham sezilarli darajada mavjud.

Xulosa va takliflar. 2025-yil aprel-may oylarida G‘ijduvon tumani maktab
o‘quvchilarining jismoniy rivojlanishi antropometrik ko‘rsatkichlar asosida baholandi. Vazn
yetishmovchiligi va ortiqcha vazn holatlari yosh guruhlarida fargli darajada aniglanib, ularni
bartaraf etish uchun maktab sog‘lomlashtirish dasturlari ishlab chiqilishi zarur.

Tavsiya gilinadi:

o Maktab oshxonasida ogsilga boy o0zig-ovqatlarni ko‘paytirish.

e 10-15 yoshdagi o‘quvchilar uchun qo‘shimcha kaloriyalar bilan nonushta tashkil etish.

e Jismoniy tarbiya mashqlarini kuchaytirish, aynigsa, mushaklarni mustahkamlovchi
mashglar.
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Annotatsiya. Ushbu magolada insulin rezistensiyasi — organizmning insulin gormoniga
yetarli darajada javob bera olmasligi holatining etiologiyasi, patofiziologik mexanizmlari, xavf
omillari, klinik ko‘rinishlari, tashxis qo‘yish usullari va zamonaviy davolash yondashuvlari tahlil
gilinadi. Maqolada insulin rezistensiyasi bilan bog‘liq bo‘lgan asosiy holatlar, jumladan, semizlik,
2-tur gandli diabet, metabolik sindrom, polikistik tuxumdon sindromi (PCQOS) va steatozli jigar
kasalliklari bilan o‘zaro aloqadorlik keng yoritilgan. Shuningdek, insulin garshiligiga olib keluvchi
genetik va gormonal kasalliklar, turmush tarzi omillari hamda ba’zi dorilarning roli tahlil gilinadi.
Insulin rezistensiyasining klinik belgilari ko‘p hollarda sezilmasdan rivojlanishi mumkinligi
sababli, diagnostik yondashuvlarda qon shakar darajasi, A1C ko‘rsatkichi va lipid paneli kabi
laborator parametrlarning ahamiyati ko‘rsatib o‘tilgan.

Kalit so‘zlar: Insulin rezistensiyasi, gandli diabet, giperinsulinemiya, giperglisemiya,
metabolik sindrom, semizlik, polikistik tuxumdon sindromi, gormonal disbalans, genetik
kasalliklar, glukoza metabolizmi.

INSULIN RESISTANCE AS ABIOMARKER OF THE PREDIABETIC
CONDITION.
Abstract. This article analyzes the etiology, pathophysiological mechanisms, risk factors,

clinical manifestations, diagnostic methods, and modern treatment approaches of insulin resistance
— a condition in which the body does not respond adequately to the hormone insulin. The paper
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highlights key conditions associated with insulin resistance, including obesity, type 2 diabetes
mellitus, metabolic syndrome, polycystic ovary syndrome (PCOS), and non-alcoholic fatty liver
disease. The roles of genetic and hormonal disorders, lifestyle factors, and certain medications in
the development of insulin resistance are also discussed. Given that clinical signs of insulin
resistance often develop asymptomatically, the importance of laboratory parameters such as blood
glucose level, A1C index, and lipid panel in the diagnostic process is emphasized.

Keywords: Insulin resistance, type 2 diabetes, hyperinsulinemia, hyperglycemia,
metabolic syndrome, obesity, polycystic ovary syndrome, hormonal imbalance, genetic disorders,
glucose metabolism, diagnostic methods, A1C test, healthy lifestyle, glycemic index, prevention
and management.

Kirish. Global metabolik kasalliklarning tarqalishi jiddiy global sog‘ligni saqlash
muammosini keltirib chigarmoqgda. Metabolik kasalliklar — bu metabolik disbalanslarning
keng spektri bo‘lib, unga gipertenziya (HTN), 2-chi turdagi diabet (T2D), giperlipidemiya,
semizlik va metabolik disfunktsiya bilan bog‘liq steatozli jigar kasalligi (MASLD) kiradi
[1]. 2019-yilda butun dunyoda 43.8 million odam T2D dan, 18.5 million odam HTN dan,
va 1.2 milliard odam MASLD dan aziyat chekkan [2]. T2D ning yuklamasi Yaqin Sharq
va Shimoliy Afrika (MENA) mintagasida ~73 million kishiga yetib, dunyodagi eng yuqori
mintaqaviy prevalensiyaga (16.2%) ega bo‘lib, eng yuqori mintaqaviy diabetga bog‘liq
kasallanish darajasini (24.5%) tashkil etgan [3]. Qatar 2-chi turdagi diabetning
epidemiyasini boshdan kechirib, kattalar aholisining ~17% ini tashkil etmoqgda, bu esa
asosan faol hayot tarzidan o‘tirgan hayot tarziga o‘tish va natijada semizlikning o‘sishiga
bog‘liq [4].

Insulin rezistensiyasi — bu tananing insulin gormoniga normal javob bera olmaslik
holatidir. Insulin rezistentligi (IR) metabolik sindrom (MS), polikistoz tuxumdonlar
sindromi (PCOS) va metabolik bilan bog‘liq yog‘li jigar kasalligi (MAFLD) kabi ko‘plab
metabolik kasalliklarning etiopatogenezida yetakchi omil sifatida tavsiflanadi [5]. IR — bu
to‘qimalarning insulinga bo‘lgan sezuvchanligining pasayishi bilan tavsiflanib, hujayraviy
javobni yetarlicha faollashtira olmasligidir. IR darajasini aniqlashda “Giperinsulinemik-
euglikemik klemp” (HEC) usuli oltin standart hisoblanadi [6]. Birog, HEC usuli yuqori
darajada invaziv, mehnattalab va katta hajmdagi tadqiqotlar uchun amaliy bo‘lmagan
metod hisoblanadi.

Insulin — bu meda osti bezi tomonidan ishlab chigariladigan va qon shakarini
boshqarishda muhim bo‘lgan gormon. Bir nechta genetik va turmush tarziga oid omillar
insulin rezistensiyasining rivojlanishiga olib kelishi mumkin [7].

Tadgigot metodologiyasi. Ushbu tadgigotning asosiy maqgsadi insulin
rezistensiyasining (IR) targalishi, xavf omillari, klinik belgilari va diagnostika usullarini
aniglashdan iboratdir. Tadgiqot retrospektiv-tahliliy turdagi bo‘lib, 2020-2024 villar
oralig‘ida mavjud ilmiy adabiyotlar, xalgaro va mahalliy klinik kuzatuvlar hamda tibbiyot
muassasalarida yig‘ilgan statistik ma’lumotlar asosida olib borildi.

Tadqiqot uchun bir nechta mustaqil manbalar o‘rganildi. Ular gatoriga PubMed,
Scopus va Elsevier kabi xalgaro ilmiy bazalardagi magolalar, Qatar, MENA mintaqasi,
AQSH va Oc‘zbekistonda olib borilgan klinik kuzatuvlar, mahalliy shifoxonalarning
metabolik sindrom va insulin rezistensiyasi bo‘yicha statistik hisobotlari hamda sog‘ligni
saqlash tashkilotlari tomonidan e’lon qilingan yillik epidemiologik ma’lumotlar kiritildi.

Tanlov mezonlari

Tadgiqotga quyidagi mezonlarga javob bergan bemorlar jalb gilindi:

- 18 yoshdan katta shaxslar;

- Qandli diabet, semizlik yoki PCOS tashxisi qo‘yilganlar;

- Laborator ko‘rsatkichlari bo‘yicha HbAlc > 5.7% va HOMA-IR > 2.5
bo‘lganlar.

Tanlovdan chiqgarish mezonlari sifatida quyidagi holatlar belgilandi:

- Onkologik kasalliklarga chalingan bemorlar;

- Homilador ayollar;
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- Uzog muddatli gormon terapiyasi olayotgan shaxslar.

Shu tarzda, tadqiqot metodologiyasi ma’lumotlarni yig‘ish, tanlash, chigarib
tashlash va statistik tahlil bosgichlarini gamrab olib, ilmiy ishonchlilik va amaliy
ahamiyatni ta’minlashga qaratildi.

Natijalar va muhokama.

1. Insulin rezistensiyasining targalishi

Tahlil gilingan 500 nafar bemor orasida:

—~  62% da insulin rezistensiyasi aniglangan

—  Ulardan 40% da semizlik, 35% da T2D va 18% da PCOS mavjud bo‘lgan

- 15% bemorlarda IR aniqlangan bo‘lishiga garamasdan klinik simptomlar
bo‘lmagan

2. Klinik ko ‘rinishlar

IR ga ega bo‘lgan bemorlarda quyidagi belgilar kuzatildi:

— Asta-sekin ortuvchi tana vazni
Acanthosis nigricans (teri gorayishi)

- Tez charchash, ochlik hissi, ortigcha ishtaha
— Yomon glikemik nazorat
. Diagnostik indikatorlar
O‘rtacha HOMA-IR darajasi: 3.4 = 0.6
HbAlc darajasi: 6.1% + 0.4

—  Triglitserid va HDL darajasi IR mavjud bo‘lgan guruhlarda statistik ahamiyatli
farq bilan o‘zgargan (p < 0.05)
1-jadval. IRning boshga biomarkerlarga nisbatan afzalliklari va kamchiliklari

w

HbAlc O‘rtacha glyukoza Kechikkan 65-70% 90-92%
holatini ko‘rsatadi o°‘zgarishlar asosida
Glyukoza Fagat joriy holatni Juda dinamik, vagtga 55-60% 85-88%
ifodalaydi bog‘liq
IR (HOMA- Erta, glyukozadan Biros murakkab 75-80% 80-85%
IR, QUICKI, mustaqil, dinamik, aniglash, insulin
euglikemik metabolik fondan testlariga ehtiyoj
testlar) xabardor giladi
4. Muhokama

Ushbu tadgiqgot insulin rezistensiyasi semizlik, T2D va metabolik sindrom bilan
chambarchas bog‘ligligini tasdiglaydi. Gormon disbalansi va genetik omillar IR
rivojlanishida asosiy rol o‘ynaydi. Erta tashxis qo‘yish va sog‘lom turmush tarzini joriy
etish orgali IR holatlari samarali boshqarilishi mumkin.

Shuningdek:

— Skrining dasturlarining kengaytirilishi

— Yosh guruhlar bo‘yicha IR monitoringi

— Profilaktik yondashuvlar (jismoniy faollik, kam uglevodli dieta) muhim deb
topildi.

Hozirgi zamonaviy diabetologiyada insulin rezistensiyasining molekulyar
asoslarini chuqur tahlil gilish prediyabetik holatni erta aniglash va nazorat gilishda muhim
ahamiyatga ega. Aynigsa, IRS-1/PI3K/AKT signal yo‘li, GLUT4 translokatsiyasi, hamda
yallig‘lanish markerlari (TNF-a, IL-6, CRP) o‘rtasidagi o‘zaro bog‘liglik, bu kasalliklar
patogenezining asosiy mexanizmlarini ochib beradi.

Insulin  gormoni hujayra membranasidagi insulin retseptorlari (IR) bilan
bog‘langanda, retseptorning tirozin kinaza faolligi orqali hujayra ichki signal kaskadi
faollashadi. Bu jarayonda IRS-1 (Insulin Receptor Substrate-1) markaziy adaptor ogsil
sifatida xizmat giladi. IRS-1ning tirozin qoldiglari fosforillanib, PI3K (fosfatidilinozitol 3-
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kinaza) ni jalb giladi. PI3K esa PIP2ni PIP3ga aylantirish orgali AKT (yoki PKB — protein
kinaza B) ning faollashuvini ta’minlaydi.

AKT ogsili faollashgach, u bir nechta metabolik jarayonlarni, jumladan
glikogenez, lipogenez, hujayra o‘sishini va ayniqgsa GLUT4 tashuvchining membranaga
translokatsiyasini boshgaradi. Ushbu yo‘l orqali glyukoza hujayraga kirib, energiyaga
aylantiriladi.

GLUT4 ogsili mushak va yog‘ to‘qimalaridagi asosiy insulin-sezgir glyukoza
tashuvchisi hisoblanadi. Insulin signal yo‘li to‘liq ishlaganda, GLUT4 sitoplazmadagi
vesikulalardan hujayra yuzasiga ko‘chadi va glyukozaning hujayraga kirishini ta’'minlaydi.
Birog insulin rezistensiyasi sharoitida IRS-1 ning fosforillanishi buziladi, PI3K/AKT yo‘li
susayadi va natijjada GLUT4 translokatsiyasi kamayadi. Bu holat glyukozaning
hujayralarga kirmasligiga, ya’ni giperglikemiyaga olib keladi.

Surunkali past darajadagi yallig‘lanish insulin signalizatsiyasining buzilishida
muhim rol o‘ynaydi. TNF-o (Tumor Nekroz Faktori-o) semizlik fonida ortigcha ishlab
chigariladi va IRS-1 ogsilini serin qoldiglarida fosforillanishini kuchaytiradi. Bu IRS-
Ining faol holatga o‘tishiga to‘sqinlik qiladi, signal uzatish to‘xtaydi va insulin
rezistensiyasi rivojlanadi.

IL-6 (Interleykin-6) esa JAK/STAT yo‘li orqali SOCS-3 (Suppressor of Cytokine
Signaling-3) ogsilini faollashtiradi, bu esa IR va IRS-1 o‘rtasidagi bog‘lanishni buzadi. IL-
6 shuningdek glukoneogenezni ham kuchaytirib, gonda glyukoza miqgdorini yanada
oshiradi. Bu holat ham IR kuchayishiga olib keladi.

CRP (C-Reaktiv Protein) esa yallig‘lanish holatining markaziy markeri sifatida IL-
6 ta’sirida jigar tomonidan ishlab chiqariladi. U insulin rezistensiyasi bilan bevosita
bog‘liq bo‘lib, CRP miqdorining yuqoriligi IR darajasining og‘irlashganini ko‘rsatadi.

IRS-1/PI3K/AKT yo‘li orqali insulin ta’siri amalga oshadi. TNF-a, IL-6 va CRP
kabi yallig‘lanish markerlari esa bu yo‘lni turli bosqichlarda bloklaydi. TNF-o IRS-1 ni
serin qoldiglarida fosforillab inaktiv holatga o‘tkazsa, IL-6 SOCS-3 orqgali IR-IRS-1
signalini uzadi. CRP esa yalliglanish va IR darajasining ko‘rsatkichi sifatida harakat
qiladi. Natijada, PI3K/AKT yo‘li susayadi, GLUT4 translokatsiyasi pasayadi va glyukoza
hujayralar tomonidan utilizatsiya qilinmaydi. Bu esa prediyabet holatini yanada
chuqurlashtiradi.

Prediyabetik bemorlarda klinik kuzatuvlar natijasida yuqori HOMA-IR
ko‘rsatkichlari, oshgan CRP, TNF-a va IL-6 darajalari aniglangan. Hayvon modellarida
IRS-1 mutatsiyasi IRga olib kelgani ko‘rsatilgan. Sog‘lomlashtiruvchi choralardan
(jismoniy faollik, metformin terapiyasi) so‘ng yallig‘lanish markerlarining kamayishi
bilan IRS-1 signalizatsiyasi tiklangani kuzatilgan.

Adabiyotlar tahlil. Insulin rezistensiyasi, mushaklar, yog‘ va jigar hujayralari
insulin bilan kerakli tarzda javob bermaganda yuzaga keladi. Bu holat, shuningdek, insulin
sezgirligining pasayishi deb ham ataladi. Insulin hayot uchun zarur bo‘lib, qon shakarini
(gand) darajasini tartibga soladi.

Insulin, qondagi glukozani hujayralarga o‘tkazishda yordam beradi, shunda
organizm uni energiya sifatida ishlata oladi. Bir nechta sabablarga ko‘ra, hujayralar
insulinga to‘g‘ri javob bermasligi mumkin. Bu, glukozaning energiya uchun yoki saglash
uchun samarali ishlatilmasligiga olib keladi. Natijada, glukoza qon vaqti-vaqti bilan ortib
boradi. Bu esa, meda osti bezining qon shakarini tartibga solish uchun ko‘proq insulin
ishlab chigarishga majbur bo‘lishiga olib keladi. Buni giperinsulinemiya deb ataladi. Agar
meda osti bezi gon shakarini tartibga solish uchun yetarlicha insulin ishlab chigarishda
davom etsa, shakar darajalari sog‘lom oraligda saqlanadi. Ammo agar hujayralaringiz
insulinga qgarshi juda qarshilik ko‘rsatsa, bu qon shakarining yuqori darajalariga
(giperglisemiya) olib keladi.

Vaqt o‘tishi bilan, giperglisemiya prediyabet va 2-tur diabetga olib kelishi mumkin.
Prediyabet — bu 2-tur gandli diabet (Q2D) rivojlanishidan oldingi oraliq holat bo‘lib,
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organizmda glyukoza metabolizmi buzilishining ilk belgilari paydo bo‘ladi. Ushbu
bosgichda organizm hali to‘liq diabet holatiga o‘tmagan bo‘lsa-da, kasallik patogenezi
faol bosqichda bo‘ladi. Shu jarayonda insulin rezistensiyasi (IR) markaziy patofiziologik
rol o‘ynaydi. Bugungi kunda IR’ni prediyabet holatini erta aniglashda biomarker sifatida
qo‘llash dolzarb yo‘nalishlardan biridir.

IR klinik darajada glyukoza ko‘rsatkichlari normada bo‘lsa ham aniqglanishi
mumkin. Bu esa uni prediyabetni glyukozaga bog‘liq testlardan oldin aniglash imkonini
beruvchi biomarkerga aylantiradi.

Masalan, HOMA-IR (Homeostasis Model Assessment of Insulin Resistance) kabi
hisoblashlar orgali och gondagi insulin va glyukoza miqdorlari asosida IR aniglanadi. IR
o°sib borayotgan bo‘lsa, bu kelajakda Q2D rivojlanish xavfini aniq ko‘rsatadi.

IRning o‘zi glyukoza, lipid va ogsil almashinuvi buzilishlarining ildizi hisoblanadi.
Demak, IR mavjudligi:

Q2D, metabolik sindrom, polikistik tuxumdon sindromi (PCOS), NAFLD
(steatozli jigar kasalligi) kabi patologiyalar xavfini ko‘rsatadi.

Bu holatlarda IR nafagat diagnostik, balki patogenezni tushunishda marker
vazifasini ham bajaradi.

Davolash monitoringi uchun foydali ko‘rsatkich. IR darajasining pasayishi —
sog‘lomlashtiruvchi choralar (dieta, jismoniy faollik, metformin) samarasini baholashda
foydalaniladi. Shuning uchun u dinamik biomarker sifatida ham gadrlanadi.

Insulin rezistensiyasi har ganday odamga ta’sir qilishi mumkin — insonda diabet
bo‘lishi shart emas — va bu vaqgtinchalik (masalan, gisqa muddat steroid dori-darmonlarini
qabul qilish insulin rezistensiyasiga olib kelishi mumkin) yoki surunkali bo‘lishi mumkin.

Insulin rezistensiyasiga olib keladigan asosiy omillar — tanadagi ortiqcha yog®,
aynigsa, qorin atrofida, va jismoniy faollikning yetishmasligidir.

Prediyabet va 2-tur diabetga ega bo‘lgan odamlar odatda insulin rezistensiyasiga
ega bo‘ladilar. Shuningdek, 1-tur diabetga chalingan odamlar ham insulin rezistensiyasini
boshdan kechirishi mumkin.

Agar insulin rezistensiyasi mavjud bo‘lsa, ammo meda osti bezi qonda shakar
darajasini normal holatda saglash uchun insulin ishlab chigarishni oshirsa, hech ganday
belgi bo‘lmaydi.

Ammo vaqt o‘tishi bilan, holat yomonlashishi mumkin, va meda osti bezidagi
insulin ishlab chigaruvchi hujayralar charchashi mumkin. Nihoyat, meda osti bezi
yetarlicha insulin ishlab chigara olmaydi va bu gon shakarining yuqori darajalariga olib
keladi.

Doimiy ravishda yuqori qon shakariga ega bo‘lgan odamlar quyidagi belgilarni
boshdan kechirishlari mumkin:

Tushuntirilmagan vazn yo‘qotish

a) Charchoq

b) O‘zgaruvchan chanqoq

c) Tez-tez siydik chiqarish

d) Ko‘proq ochlik

e) Ko‘zning qorong‘ulashishi

f) Yashil infektsiyalar

Ko‘plab odamlar prediyabetning belgilarini sezmaydi, ko‘pincha yillar davomida.
Prediabet 2-tur diabetga aylanishidan oldin ko‘rinmas bo‘lishi mumkin. Ba’zi prediyabetli
odamlarda quyidagi belgilar bo‘lishi mumkin:

Qo‘ltiq ostidagi yoki bo‘yin va yelka ortidagi terining qorayishi, bu akantoz
nigrikans deb ataladi Ko‘zdagi o‘zgarishlar, bu diabetga bog‘liq retinopatiyaga olib kelishi
mumkin. Olimlar hali ham insulin rezistensiyasining qanday rivojlanishini to‘liq
o‘rganishmoqda. Hozirgi vaqtda ular bir nechta genlarni aniqgladilar, bu odamni insulin
rezistensiyasiga chalinish ehtimolini oshiradi yoki kamaytiradi. Shifokorlar shuningdek,
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ortigcha vazn orttirish bu holatni yomonlashtirishini, vazn yo‘qotish esa yaxshilanishiga
yordam berishini bilishadi. Boshga omillar va holatlar bu holatni keltirib chiqgarishi
mumkin.

Insulin rezistensiyasini baholash uchun ganday testlar amalga oshiriladi?
Shifokorlar quyidagi qon testlarini buyurishi mumkin: Glukoza test: Ochigq gonda plazma
glukozasi (FPG) yoki qon shakarini o‘lchash testi prediyabet, 2-tur diabet yoki
homiladorlikda diabetni aniglash uchun ishlatiladi. Alc testi: Ushbu test oxirgi uch oy
davomida o‘rtacha qon shakarini aniglaydi. Lipid paneli: Bu qoninizdagi maxsus
lipidlarga oid bir nechta testlarni oz ichiga oladi. Holatga olib keladigan barcha omillar
davolanmaydi, masalan, genetik omillar va yosh. Shu sababli, insulin rezistensiyasini
davolashda asosiy yo‘l — turmush tarzini o‘zgartirishdir. Turmush tarzini o‘zgartirish
quyidagilarni o°z ichiga oladi:

Sog‘lom oziqlanish: Shifokor uglevodlar va zararli yog‘larni kamaytirishni tavsiya
gilishi mumkin. Bu shakar, qizil go‘sht va ishlov berilgan kraxmallarni kamaytirishni
anglatadi. Buning o‘rniga ular ko‘proq butun oziq-ovgatlar, masalan, sabzavotlar, mevalar
va to‘liq donlarni tavsiya qilishlari mumkin. Protein uchun, ular ko‘proq baliq va yengil
tovugni tavsiya qgilishlari mumkin.

Jismoniy faollik: Doimiy ravishda o‘rtacha intensivlikdagi jismoniy faollik yordam
beradi. Bu, glukozaning energiya sifatida ishlatilishini oshiradi va mushaklarning insulin
sezgirligini yaxshilaydi.

Ortib ketgan vaznni yo‘qotish: Ba’zi hollarda, vazn yo‘qotish insulin
rezistensiyasini yaxshilashga yordam berishi mumkin.

Dietaning Insulin Rezistensiyasiga Ta’siri-Glekemik indeks (GI) — bu qon
shakarini ganday o‘zgartirishi haqida ma’lumot beruvchi vosita bo‘lib, qaysi oziq-
ovgatlarning qon shakariga eng katta ta’sir qilishini aniqlashga yordam beradi.

Xulosa va takliflar. Tadgigot natijalari insulin rezistensiyasi (IR) bugungi kunda
global miqyosda ham, O‘zbekiston sharoitida ham metabolik va endokrinologik
muammolarning asosiy omillaridan biri ekanligini ko‘rsatdi. IR 2-tip gqandli diabet, yurak-
gon tomir kasalliklari, metabolik sindrom va reproduktiv salomatlik buzilishlarining
rivojlanishida yetakchi patogenetik halqa sifatida namoyon bo‘lmoqda.

Asosiy ilmiy xulosalar:

1. Epidemiologik ma’lumotlarga ko‘ra, so‘nggi yillarda IR tarqalishi O°zbekiston
hududida **aholi guruhlarining 25-30%%**ida aniqlangan bo‘lib, bu xalqaro
ko‘rsatkichlarga (AQSH — 32%, MENA mintagasi — 28-35%) yaqin natija hisoblanadi.

2. Klinik kuzatuvlar shuni ko‘rsatadiki, IR bilan bog‘liq bo‘lgan HbAlc
darajasining ko‘tarilishi (>5.7%) 65—70% hollarda aniglangan, HOMA-IR ko‘rsatkichi esa
bemorlarning 75-80%ida sezilarli oshgan.

3. Risk omillaridan noto‘g‘ri ovqatlanish (GI yuqori mahsulotlarni iste’mol
qgilish), jismoniy harakatsizlik va semirish yetakchi o‘rin tutadi. Statistik tahlil natijalariga
ko‘ra, BMI > 30 bo‘lgan shaxslarda IR rivojlanish ehtimoli 2,8 baravar yuqori.

4. Uyqu yetishmovchiligi (kuniga <6 soat) va surunkali stress IR rivojlanish
xavfini 1,5-2 baravar oshirishi kuzatildi.

5. Mahalliy shifoxona kuzatuvlari asosida IR bilan og‘rigan bemorlarning
40%ida metabolik sindrom, 18%ida PCOS, 22%ida yurak-gon tomir kasalliklari
kuzatilgan.

Amaliy tavsiyalar:

1. Profilaktika dasturlari:

—  Aholining kamida 60—70%ini gamrab oluvchi yillik skrining dasturlarini joriy
etish (HOMA-IR, HbA1c va lipid profil asosida).

—  Xususan, semirish, diabet yoki IR xavfi yuqori bo‘lgan shaxslar uchun 2 yilda
kamida bir marta kengaytirilgan laborator tekshiruv o‘tkazish.

2. Oziglanish bo‘yicha tavsiyalar:
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— Ratsionda yuqori GI mahsulotlarini 40%ga kamaytirish, past GI mahsulotlar
ulushini esa kamida 60%ga yetkazish.

—  Sutkalik kaloriya miqdorini nazorat qilish va hayvon yog‘lari ulushini 20%dan
oshirmaslik.

3. Jismoniy faollik:

- Haftasiga kamida 150 dagiga aerob mashglar (yugurish, yurish, suzish) bajarilishi
majburiy me’yor sifatida tavsiya etiladi.

— Har bir bemor uchun individual jismoniy faollik dasturi ishlab chigilishi kerak.

4. Tibbiy monitoring:

— IR aniglangan bemorlar uchun har 6 oyda bir marta HbAlc va HOMA-IR
nazoratini yo‘lga qo‘yish.

— Qandli diabet va metabolik sindromning oldini olish magsadida muntazam uyqu
va stress boshgaruvi dasturlarini sog‘ligni saqlash muassasalarida amaliyotga tatbiq etish.

5. Farmakoterapiya:

—  Ofrtacha va og‘ir IR holatlarida metformin kabi insulin sezuvchanligini
oshiruvchi preparatlarni shifokor nazorati ostida qo‘llash.

—  Dori-darmonlar fagat turmush tarzini o‘zgartirish bilan birgalikda natija berishini
keng targ‘ib qilish.

6. IImiy-tadgiqot yo‘nalishlari:

—  O‘zbekistonda IR epidemiologiyasini keng qgamrovli milliy darajadagi ko‘p
markazli tadgiqotlar asosida o‘rganish.

-~ Mabhalliy ovqatlanish odatlari va genetik omillarni hisobga olgan yangi tashxis va
davolash protokollarini ishlab chigish.

Yakuniy xulosa

Insulin rezistensiyasi — surunkali kasalliklarning rivojlanishida hal giluvchi omil

bo‘lib, uni erta aniqlash va kompleks boshqarish strategiyasi sog‘ligni saqlash tizimi uchun
ustuvor yo‘nalishdir. Yuqoridagi tavsiyalar amalga oshirilsa, O‘zbekistonda qandli diabet va
metabolik sindrom targalishini kelgusi 10 yilda kamida 15-20%ga kamaytirish mumkin.
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Annotamus. CoBpeMeHHast Hayka Bc€ Oobple oOpamaeT BHUIMaHUE Ha WHTErPATHBHBIN
moAXoa K MOHATUIO 3A0POBLA, pacCMarpuBasd €ro Kak €IUHCTBO (1)I/I3I/I‘IGCKOF0, IICUXHUYECKOT'O U
JIyXOBHOTO COCTOSHWU. B maHHO# cTaThe aHaMM3WpyrOTCcd (UIOCOPCKHE OCHOBAHUS 30POBOTO
o0pasa JXM3HM C TOYKH 3PEHHsI €IMHCTBA TeJa W pa3yMma, poJib OCO3HAHHOCTH B MPO(QUIAKTHKE
CTPECCOBBIX COCTOSIHHM, a TakKe OJTHYECKHe M KyJIbTYpHBIE AacleKThl 3a00Tel O cebe.
CormocTaBieHue TpaaAUIIUOHHBIX (1)I/IJ'IOCO(1)CKI/IX KOH].[CHI_[I/Iﬁ C COBPCEMCHHBIMU HAay4YHbBIMH
JaHHBIMU TO3BOJIAET BBIABUTH MNEPCICKTHUBBI Pa3BUTUA MYJIbTUAUCHUIUIMHAPHOIO IIOAXOda K
TMOHUMAHUIO 310POBbA.
KiroueBble cja0Ba: 310pOBbE, TEJIO, pasyM, OCO3HAHHOCTh, WHTETPATHBHBIN I10JXO/I,
¢dunocodus, MegUTaM, CTPECC.
TANA VA AQL SALOMATLIGI FALSAFASI: FAROVONLIKKA
INTEGRATIV YONDASHUV

Annotatsiya. Ushbu maqolada salomatlik tushunchasi fagat tibbiy nuqgtai nazardan emas,
balki falsafiy, psixologik va madaniy jihatdan ham tahlil gilinadi. Integrativ yondashuvga ko‘ra,
insonning jismoniy va ruhiy holati o‘zaro bog‘liq bo‘lib, salomatlikka erishish uchun aql, tan va
his-tuyg‘ular o‘rtasidagi muvozanat muhim ahamiyatga ega. Muallif G‘arb va Sharq falsafasi,
zamonaviy psixologiya, neyroilm va psixosomatika sohasidagi ilmiy tadgiqotlarni tahlil giladi.
Tana va aql o‘rtasidagi birlik g‘oyasi integrativ tibbiyot, mindfulness (onglilik) amaliyoti va
ekzistensial terapiya asosida yoritiladi. Natijada, inson farovonligiga kompleks yondashuv
zarurligi asoslab beriladi.

Kalit so‘zlar: falsafa, salomatlik, agl va tana birligi, psixosomatika, neyroilm, integrativ
tibbiyot, mindfulness, ruhiy farovonlik

BBenenue. 310pOBbEe TPAJAUIIMOHHO BOCHPUHUMAETCS KaK OTCYTCTBHE OOJIE3HEH,
OJTHAKO COBPEMEHHBIE HCCIIEOBAHUS JAEMOHCTPHUPYIOT €r0 MHOTOMEPHOCTh, OXBAThIBAS
HE TOJBKO (PU3HOIOTHYECKHE, HO M ICUXOCOLHUANIbHbIE acleKThl. Dunocodust 310poBbs,
yTBEpIK/aloIIasl HEPa3phIBHYIO CBS3b TEJa M pa3yMma, MoJIydaeT MOAICPIKKY KaK B TPYAax
aHTUYHbIX MbIcauTenel (IlmatoH, ApucToTens), TaK U B COBPEMEHHBIX UCCIIE0BAHUIX MO
ncuxo(r3noIoru 1 HelpoHaykaM. Bompoc o 310poBbe Kak ¢uiocodckoil kaTeropuu
CeroJIHS BBIXOAMT 3a PaMKHM OMOMEIMIMHBI, BKJIOYass B ce0sl acleKThl MEHTAJIbHOTO,
SMOLIMOHAIBHOTO M JyXOBHOro Onaromonyuus. VHTerpaTUBHBIA NOAXO0J OOBEIMHSET
¢wiocopckue Tpaauumu Bocroka u  3amana, a TakKe COBpPEMEHHbIE HaydHbIE
HCCIIEIOBAaHMsI, YTO J€JIaeT TEMy OCOOCHHO AaKTyaJbHOW B YCIOBHSX pocTa
MICUXOCOMATUYECKHX 3a00JIeBaHUI U CTPECCOBOM MEperpy3Ku HaCeIeHusI.

Ilens maHHOI cTAaTBM — paccMOTPETh GHI0co(CcKo-HAyIHOE TOHUMAHUE 310POBbS,
PaCKpBITh CYIIIHOCTb MOHATHUH «TEN0», «pasyM» U UX CUHEPreTHYECKOro B3aUMOICHCTBYS,
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a TakkKe IMPOAHAIMU3UPOBATH MPAKTUUYECKUE PEKOMEHAIMU, BBITEKAIOIIME M3 3TOrO
noaxoAa.

JlutepaTypHblii 0030p. AHTHYHBIC (UIOCOGBI YTBEPKIAIHA, YTO AyIIA U TEJO
COCTAaBIIIIOT HEACITUMYIO CHCTEMY, TIJI€ TapMOHHS MEXAY HHUMH SBISETCS 3aJI0TOM
I00pONeTeNbHON KM3HM. Takoil B3rIsAA HAmEN OTpaXeHHWE B TPyJdaX BOCTOYHBIX
bunocopcKkux CHCTEM, TNI€ MEHTAIbHOE M (M3MYECKOE COCTOSHHE PAacCMAaTPHBAIOTCS Kak
enuHoe menoe. CoBpeMeHHass (QuiIoco(cKas MBICIb TPOMOIDKACT TPAAUILIUIO, UHTETPUPYS
KOHIIETITBI OCO3HAHHOCTU, MEIUTALIMU U PETYISIUH SMOIMOHAIBHOTO COCTOSIHUS B MOHATHE
3J10pOBBSL.

CoBpeMeHHBIE HCCIIIOBaHMS MOATBEPKIAIOT BIUSHHE NMCHUXUYECKUX COCTOSIHUN Ha
(U3NOTIOTHYECKUE TMPOIECChl: XPOHUYECKUH CTpecC, Hempeccus M TPEBOXKHOCTH MOTYT
CIOCOOCTBOBATh PA3BUTHUIO CEPICYHO-COCYIUCTHIX 3a00JIeBaHMIA, OCIIAOJCHHIO UMMYHHOM
CHUCTEMBl W HapylieHuio wmertabonusMma. [lomoKuTenbHBIE SMOLMOHANBHBIE COCTOSHUS,
HA00OPOT, CIOCOOCTBYIOT  BBIPA0OTKE HEHPOTPAHCMUTTEPOB, YIy4YIIAIOMUX paboTy
pa3MYHBIX OpraHoB. Takum 00pa3oM, KOHLCMIMS €IUHCTBA Tella W pa3yMa SBISETCS
00OCHOBaHHOM C TOUKHU 3pEHUST HEHPOPUIUOIOTHU U SHIOKPUHOJIOTHH.

AnTruHas ¢unocodpus 3a1aET OCHOBY €IMHOTO MOAXOa K Telny U pazymy. B Tpymax
Inamona [1] n Apucmomens [2] 370poBbe paccMaTpHUBACTCS KaK TapMOHHS BHYTPEHHUX
KOMIIOHEHTOB uenoBeka. B crounmsme Ceneka, Onukmem 310pOBbE CBS3BIBACTCS C
COCTOSIHUEM BHYTPEHHETO CIIOKOWCTBHS U CaMOOOIaIaHusl.

CoBpemennast Quiocodckas aHTPONOJOTHSA TAaKKe IMOMAYEPKUBACT HEOOXOIMMOCTD
yxona ot ayanm3ma Jlekapra. Hanpumep, /[Jamacuo B pabore “Ouubra [exapma” [3]
YTBEP)KIAET, YTO SMOILUH U PAIIHOHAILHOCTD SBISIOTCS (DYHKIMSAMU TEJIECHOTO OIIBITA.

B Oyanusme u nHayH3Me 370POBbE OMPEACIIEeTCS Kak 0aJaHC MEXIy TeJIOM, YMOM U
ayxoMm. IIpakTHKy MeAWTAlMH, NpaHasMbl M XaTXa-WOTM Ha TPOTSHKEHUHM ThICSYENETHH
CITY>KWJIM HHCTPYMEHTAMH BOCCTaHOBIIEHHS 3ToU rapmonnu. MccnenoBanus Kabam-3unna [4]
MOKA3bIBAIOT, YTO peryispHas TmpakThka mindfulness cHmwkaer ypoBeHb cTpecca |
TPEBOKHOCTH, YIy4IIaeT KOHLEHTPAIMIO W JaXe BIWAeT HAa Ouomapkepsl (ypOBEHb
KOPTHU30J1a, CEPJCUHBINA PUTM U JIp.).

[lcuxocomatnka Kak 00JacTh 3HAHWMA IOKA3bIBAET, YTO MCHUXHUYECKUE KOH(IMKTHI
CIIOCOOHBI TIPOSBIATBCS B Tene. Jamacuo [3], a TakkKe WCCIEAOBATENM TIO3UTHBHOMN
ncuxonorun Cenueman, Huxkcemmmuxauu [S5] TEMOHCTPUPYIOT, YTO IMO3UTHUBHBIE AMOLIUH,
HEJIeYCTPEMIIEHHOCTh M COIMajbHAs aKTUBHOCTh YKPEIUISIOT KaK ICHXOJIOTMYEecKoe, TaK U
dusmueckoe 3n0poBbe [6-10].

WNnrerpatuBHbii moaxon B Meauimue J. Yaiun u ap. [11] paccMatpuBaer 370pOBbe
KaK JIMHAMHUYECKOEe DPAaBHOBECHE, OMNMPAOIIEeCcss Ha B3aMMOCBSI3b MEXIy (DHU3HOJIOTHEH,
MICUXUKOW M 00pa3oM H3HH. B paMkax sK3MCTCHIMAIbHOrO monaxona B. @pawmxn [12]
3[I0POBBE CBSI3aHO C OMIYIIEHHEM CMBICIA JKU3HHU, YTO HAMPAMYIO BIMSAET HA MEHTAJIBHOE U
TEJIECHOE COCTOSHHE YETIOBEKa.

CoBpeMeHHbIE MPEICTaBICHHUS O 30POBbE Tella U pa3zymMa ONHUPAIOTCS HA JOCTHKCHHUS
MCUXOCOMAaTUKA M HeipoHayk [13,14]. IlcuxocomaTHUecKui TMOAXOM, Pa3BUBABIIUICS C
cepeannbl XX BeKa, YTBEPKIACT HATMYME MPSMON B3aUMOCBSI3U MEXKTY ICHUXOJIOTHIYECCKUMH
COCTOSIHUSIMH M COMAaTHYECKUMHU TposiBieHusiMu. Dpanil Anekcanaep, OJUH U3 OCHOBaTeNei
NICUXOCOMAaTUYEeCKOM MEAMIMHBI, TOAYEPKUBAIL, YTO OMNpEAEIEHHBIE AMOIMOHATIBHBIC
KOH(JINKTBI MOTYT MPUBOJUTH K 3200JI€BaHISIM TAKUX OPTAHOB, KaK JKEITyAOK, CepLE, KOXa U
ap. [15].

JanmpHelee pa3BATHE ATHX HAEH CBA3aHO C Heuporcuxoioruen. MccnegoBaHus
AnTtonno /lamacno onpoBepriiv KapTe3HaHCKUN Tyajn3M, COIJIaCHO KOTOPOMY pa3yM M TEJO
CYIIECTBYIOT He3aBUCHUMO. B kuure «Quubka J[lekapma» OH TPUBOIUT SMIUPUYECKUE
JaHHBIE O TOM, YTO TIOBPEXIEHUS ONpEAETIEHHBIX YYAaCTKOB MO3ra, OTBETCTBEHHBIX 3a
SMOLMOHAIBHYIO PEryJISLUIO, BEAYyT K HECHOCOOHOCTH MPUHUMATh PAllOHAJIBHBIC PELICHUS
[3]. D10 moarBepkmaeT TOT (hakT, YTO OSMOINMH W KOTHHUTHUBHBIC IPOLECCHl TECHO
MHTETPUPOBAHBI B paMKaX TEJIECHOW CTPYKTYPHI.

C Toukm 3peHust HeMpOo(U3NOIIOTHH, CTPECC AKTUBUPYET THUIOTaIaMo-TUnoduzapHo-
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aJAPEHAJIOBYI0 OCb, YBEIMYMBAs CEKPELHI0 KOPTU30JIa. XPOHUYECKOE IEpEHANPSIKEHUE
JAHHOM CHCTEMBbI CITIOCOOHO MPUBECTH K HM3HOCY OpraHM3Ma, OCNIal0JeHHI0 MMMYHHUTETa U
nake yckopeHHoMy crapeHuto [16]. MccnenoBanus B obnactu HeporactuaHoct LeDoux,
Sapolsky mokaspIBarOT, YTO yCTOHYMBBIC IMOIMOHATIBbHBIC TPAKTUKH (HAPUMEp, MEAUTALHS,
paboTta ¢ TenoM, ICUXOTepanus) MOTYT U3MEHITh MO3TOBYIO aKTUBHOCTh M CIIOCOOCTBOBATH
BOCCTAHOBJICHHIO OalaHca MEXTy TUMOUYECKON CUCTeMO U mpedpOHTAIBHOM Kopoii [17].

Taxke BaxkHoe mecto 3aHMMaeT teopust Cmueena I[lopoowceca — nonusazanvhas
meopus, COTJIaCHO KOTOPOM AaBTOHOMHAs HEpBHAas CHUCTEMa pEryJIupyeT HE TOJIbKO
¢u3noIorMYecKre, HO U COLUATLHO-IMOIMOHANIBHBIE peakiuyu. B yacTHOCTH, OyKIaroniuii
HEpB y4acTBYET B Ipolieccax paccaabieHus, SMIATUN U COLMAIbHON BoBIeuEHHOCTH [18].

JlutepatypHblii 0030p HOKa3bIBaeT, 4To (puocodust 370poBbs TEJa U pazyma — 3TO
CIIOKHAasi ~ MEXAMCUUIUIMHApHAas  o0jacTe, OObeAUHAOUIAs Tpaguiuu  dunocopumy,
IICUXOJIOTUM, MEAUIUHBI M  KyJIbTypoJoTUH. VHTEerpaTuBHBI MOAXOJ  MO3BOJIET
chopmynupoBaTh 0ojiee MOJHOE M I'YMaHMCTHYECKOE MPEACTABICHUE O 370POBbE, KOTOPOE
BBIXOJUT 3a paMKM KIMHUYECKOM KapTUHBI M BKJIIOYaeT B ceOs LIEJIOCTHOE IIOHUMAaHUe
YeJI0BEKa.

Metoabl  ucciaenoBanusi. [{ns  aHanm3a  BBIOpaHHOM  TEMBI  HCIOIB30BaH
MEXIUCUUIUIMHAPHBIA  MOAXO0N, OOBEAMHSIOMMIA MeToAbl  (QuiIocodCKOro  aHammsa,
IICUXOMETPUYECKHE HCCIIEIOBAaHUA U OHOMEIUIMHCKHE HKCHEepUMEHTh. OCHOBHBIMU
HCTOYHHUKAMU JITAaHHBIX CTAJIM:

o Kiaccuueckue Tpyasl GunocopoB aHTUYHOCTH U BOCTOYHBIX MBICIIUTENIEH.

o Pe3ynbTaThl 3MIUPUYECKUX MCCIIEAOBAHUN, MOCBAIMIEHHBIX BIUSHHUIO CTpecca U
MIOJIOKUTEIBHBIX 3MOLMH Ha (U3UOJIOrMYECKHE IapaMeTphl (HalpuMep, ypoBEHb KOPTU30JIa,
CepACYHbIN pUTM, IMMYHHBIE MapKephl).

o CoBpeMeHHblEe MyOJIMKaMM B 00JacTH NCUXO(U3MOJIOTHM, HEWpPOHAyK U
COLIMAJIbHOW IICUXOJIOTUU.

Cucrematu3zanys JaHHBIX NPOBOJAMIACH C MPUMEHEHUEM METOJ0B KOHTEHT-aHaJIu3a,
CHHTE3a M CPAaBHUTEJILHOIO aHAIM3a KOHIIEIIHIH.

PesyabTaTtel u o0cy:kaeHue. OO030p HSMIUPUYECKMX JAaHHBIX [OKa3aj, dTO
peryisipHasi MpPaKTHKa OCO3HAHHOCTH M MEOUTAlMH CIIOCOOCTBYET CHW)KEHHUIO YPOBHS
cTpecca, yIy4IIEHHIO pPabOThl  CEpAEYHO-COCYIUCTOM CHCTEMBl U  MOJAEPIKAHUIO
TOPMOHAJIBHOTO OanaHca. buoxuMudeckuil aHamn3, MPOBEAEHHBIA B psiie KIMHHYECKHX
UCCJICIOBAaHUH, YKa3bIBACT HA CHMKCHHE KOHILIEHTPAlMM KOPTU30Jla M YBEJIUYEHUE YPOBHS
CEepOTOHMHA NPH COOTIOICHUH MPAKTUK METUTALMU U PEITAKCALIUH.

®dunocodus 310pOBbs HE OTPaHUYMBACTCSA JIUIIb (PU3UOTOTUUECKUMHU aCIeKTaMHU, OHa
UMEET SIPKO BBIPAXKEHHBIH 3THUECKUI M KyJIBTYpHBIH KOMIOHEHT. 3a00Ta O Teje U pasyme
BOCIIPUHUMAETCS KaK NPOSIBICHHE YBAXKEHUS K cebe M OKPYXKAIOIUM, YTO HAXOIUT
OTpa’KeHHE B OOLIECTBEHHBIX IPAKTUKAX, HAIIPABJICHHBIX Ha MpoHaraHay 3A0poBoro odpasa
KHU3HHM, COLUMAIBHOW TOIJNEPKKH U TNPO(UIAKTUKA TPOPECCHOHATBHOTO BBITOPAHMUSL.
ConuanbHble HCCIEIOBAaHUS JEMOHCTPUPYIOT, YTO HHTErpalusi MOJOOHBIX IPAKTHK B
MOBCEHEBHYIO JKHU3Hb CIOCOOCTBYET CHI)KEHHUIO YPOBHSI arpeccuu, MOBBIIICHHUIO KadecTBa
MEXKJIMYHOCTHBIX OTHOLICHUN U YKPEIUIEHUIO COLIMATIBHON CINIOYEHHOCTH.

Pe3ynpTaThl uccieoBaHUS OTKPBIBAIOT IMEPCIEKTUBBI JUIS Pa3pabOTKH IPOTrpaMm
OOIIIECTBEHHOTO 3APaBOOXPAHEHUsSI, YYHUTBHIBAIOUIMX TCHXOJOTHUECKHE U (HIOCO(CKHE
acreKkTbl  310poBbs. KoOMIUIEKCHBIE NporpaMMmbl, HalpaBlIeHHble Ha  yIyd4llIeHHEe
OCO3HAHHOCTH, MEJWTATHBHbIE TPAKTUKH H  (UIUYECKYI0 aKTUBHOCTb, CIIOCOOHBI
CYIIECTBEHHO TOBBICUTh Kau€CTBO >KM3HU KaK OTHENbHBIX JIMI, TaK U OOIIECTBA B LIEJIOM.
BaxHO OTMETHTH HEOOXOAMMOCTH MEXKIUCHUIUIMHAPHOTO COTPYIHHYECTBA CIICIIHATIHCTOB
IUIs abHENIIEro UCCIEeJ0BAaHUS MEXaHN3MOB B3aMOCBSI3H Tella U pa3yMa.

BoiBoabl. PaccmorpenHast ¢uiocopust 310poBbsS Tela W pa3ymMa JIEMOHCTPUPYET
HEOOXOAMMOCTh MHTErPAaTUBHOIO MOAXOAA JUIS IOJHOTO TOHMMAHUS HOHATHS 370POBbSL.
I'apmoHMUYHOE coyeTaHHe (U3NYECKMX M IICUXUYECKUX AaCHEKTOB IO3BOJSIET HE TOJBKO
YIAYYIIUTh KAa4eCTBO KM3HM, HO M CO3/[aTh OCHOBY IS YCTOWYMBOTO Pa3BUTHS OOIIECTBA.
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JlanpHelme WCCIeNOBaHUS B JAaHHOW O0JIACTH MOTYT COIEWCTBOBATh pa3pabOTKe
3G PEKTUBHBIX TPOrpaMM NpPOPUIAKTHKH W O3IOPOBICHHS, a TaKXKe CHOCOOCTBOBATH
(GOopMHPOBAaHNIO HOBOW NapaJiuIMbl B MEAULIMHE U TICUXOJIOTHH.
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Annotatsiya. Mazkur tadgiqot Qashgadaryo viloyati hududida qishlog xo‘jaligi va
yovvoyi hayvonlardan Ixodidae oilasiga mansub kanalar turlarining targalishini o‘rganishga
bag‘ishlangan. Olingan natijalarga ko‘ra, Hyalomma, Rhipicephalus va Haemaphysalis avlodlariga
mansub jami 6 tur kanalarga duch kelindi. Ular orasida Hyalomma scupense turi umumiy
yig‘ilgan namunalar orasida 28% ulush bilan dominant tur sifatida ajralib turdi. Tadgigot
davomida turli hayvon turlarida kanalar bilan zararlanish darajasi aniglanib, Ovis aries (go‘y)da
10,4% yugori darajadagi zararlanish, Hemiechinus auritus (tipratikan)da esa 2,8% past
darajadagi zararlanish holatlari gayd etildi. Olingan ma’lumotlar viloyatdagi kanalar biologiyasi va
ularning hayvonlar salomatligiga ta’sirini aniglashda muhim ahamiyatga ega bo‘lib, kelgusida
profilaktik choralarni ishlab chigishda asos bo‘la oladi.

Kalit so‘zlar: Hyalomma, Rhipicephalus, Haemaphysalis, kana, zararlanish, ixodid
kenalar, parazitologiya.
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FAUNA OF IXODIDAE TICKS AND THE RATE OF ANIMAL
INFESTATION IN CERTAIN AREAS OF THE QASHQADARYO REGION

Abstract. This study investigates the distribution of tick species belonging to the Ixodidae
family found on agricultural and wild animals in the Kashkadarya region. The results revealed six
tick species from the genera Hyalomma, Rhipicephalus, and Haemaphysalis. Among them,
Hyalomma scupense was identified as the dominant species, accounting for 28% of all collected
specimens. The infestation levels varied among host species: Ovis aries (sheep) showed the
highest infestation rate at 10.4%, while Hemiechinus auritus (long-eared hedgehog) showed the
lowest at 2.8%. These findings provide important insights into the tick fauna of the region and
their potential impact on animal health. The data obtained may serve as a scientific basis for
developing effective preventive and control measures against tick-borne diseases in the region.

Keywords: Hyalomma, Rhipicephalus, Haemaphysalis, tick, infestation.

Kirish. Ixodidae kanalari butun dunyo bo‘ylab keng targalgan, vagtinchalik
obligat gematofaglar bo‘lib, umurtgali hayvonlar ektoparaziti hisoblanadi [6,8]. Iglim
o‘zgarish jarayonlari biologik obyektlarning hayotiy faolligiga, shu jumladan, parazitar
tizimlar vakillarining targalishi va ular sonining o‘zgarishiga olib kelishi kuzatilmogda
[5]. Jumladan, wushbu oila vakillari ko‘plab yuqumli va parazitar kasalliklar
go‘zg‘atuvchilarining tashuvchilari sifatida zoologlar, parazitologlar, entomologlar,
veterinariya va tibbiyot sohasi mutaxassislari diggatini jalb etib kelmoqgda [12]. So‘nggi
yillarda dunyo faunasida Ixodidae oilasiga mansub 900 ga yagin kana turlari aniglangan
[7]. O‘zbekiston faunasida esa ushbu oila vakillarining 23 ta turi uchrashligi keltirib
o‘tilgan [9].

Kanalar hujumining faol davrlarida hayvonlar nafagat katta miqdordagi gonni
yo‘qotibgina golmay, balki sut va go‘sht unumdorligi ham kamayib, 86% gacha teri sifati
pasayishiga olib keladi [1,3]. Kanalarning ommaviy hujumi intoksikatsiyaga olib kelib,
natijada anemiya rivojlanishiga olib kelishi va hayvonning o‘limiga sabab bolishi
kuzatiladi [2,4]. Shu sababli bevosita kanalarning targalishi, ekologik va biologik
xususiyatlarini batafsil o‘rganish hamda ularga garshi samarali kurash choralarini ishlab
chigish bugungi kunda dolzarb vazifalardan biri hisoblanadi [10].

Ushbu tadgigot ishini magsadi respublikamizning Qashgadaryo viloyati
hududidagi gishlog xo‘jaligi va yovvoyi hayvonlarning Ixodidae oilasi kanalari bilan
zararlanish migdorini va ularning tur tarkibini aniglashdan iborat.

Material va usullar. Tadgiqot ishlari 2025-yilning bahor mavsumida
Qashgadaryo viloyati hududida olib borilgan. Viloyatning Koson, Chiroqgchi, Nishon,
G‘uzor, Yakkabog‘, Shahrisabz va Qarshi tumanlaridan 130 (bosh va nusxa) hayvonlar
tekshirildi. Qoramol - 24 bosh, go‘y - 51 bosh, echki - 35 bosh, it - 13 nusxa va tipratikan -
7 nusxada tahlil gilinib, marshrut va statsionar usullar asosida, kanalarning 537 nusxasi
yig‘ib olindi (1-rasm).

Yig‘ilgan kana namunalari 96 %li etil spirti eritmasiga solinib, markerlangan
shisha va oddiy plastik idishlarda saglandi. Kana namunalari O‘zR FA Zoologiya
institutining Umumiy parazitologiya laboratoriyasiga olib kelinib, identifikatsiya qgilindi.
Ixodidae oilasiga mansub kanalarning tur tarkibini aniglash va morfologik xususiyatlarini
o‘rganish ishlari A.R. Walker va b., [11] tadgiqgot ishlari asosida amalga oshirildi.
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Tadqiqot natijalari. Tadgigot olib borilgan hududlardagi gishlog xo‘jaligi va
yovvoyi hayvonlarda Ixodidae oilasiga mansub Hyalomma avlodi kanalarining 3 tur,
Haemaphysalis avlodi 1 tur va Rhipicephalus avlodi kanalarining 2 turi uchrashi gayd
etildi. Jumladan, Hyalomma scupense Schulze, 1919., H. marginatum Koch, 1844., H.
dromedarii Koch, 1844., Haemaphysalis punctata Canestrini & Fanzago, 1878.,
Rhipicephalus sanguineus (Latreille, 1806)., Rh. turanicus Pomerantzev, 1940., turlari
uchrashi aniglandi (1-jadval).

1-jadval.
Qashgadaryo viloyati hududida Ixodidae oilasiga mansub kanalarning hayvonlarda uchrashi

5 g8 § g2 2,
Hyalomma marginatum + + - + -
Hyalomma scupense 4 4 + + +
Hyalomma dromedarii + + - - -
Rhipicephalus sanguineus aF aF + + +
Rhipicephalus turanicus - - + + -

Haemaphysalis punctata - - - - +
Tadqgigot davomida tekshirilgan gishlog xo‘jaligi va yovvoyi hayvonlarning
Ixodidae oilasi kanalari bilan zararlanish ko‘rsatkichlariga ko‘ra, Bos taurus (qoramol) —
8,6%, Ovis aries (qo‘y) — 10,4%, Capra hircus (echki) — 7,7%, Canis lupus familiaris (it) —
6,2%, Hemiechinus auritus (tipratikan) — 2,8% ni namoyon gilishi aniglandi (2- rasm).

12

10

8
6 I |

Bos tanrus Ovis aries Capra hircus Canis lupus Hemiechinus
Samiliaris auritus

IS

)
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2-rasm. Qishlog xo¢jaligi va yovvoyi hayvonlarning Ixodidae oilasi kanalari bilan zararlanish
ko‘rsatkichlari.

Hayvonlardan yig‘ilgan jami Ixodidae oilasi kanalarning turlar kesimida
tagsimlanishiga ko‘ra, Hyalomma scupense 28% ni, Hyalomma marginatum 23%,
Hyalomma dromedarii 15%, Rhipicephalus sanguineus 20%, Rhipicephalus turanicus 9%,
Haemaphysalis punctata esa 5% ni tashkil etishi aniglandi. Umumiy yig‘ilgan kanalarning
28% ni H. scupense turi tashkil etib, son jihatdan ustunlik gilishi gayd etildi (3- rasm).

JKaMmu KaHATap - 537 HycXa

u H. marginatum  m H. scupense w H. dromedarii

Rh. sanguinens — ® Rh. turanicus = H. punctata

3-rasm. Ixodidae oilasi kanalarining turlar kesimida tagsimlanishi.
Qashgadaryo viloyati hududidagi tumanlar kesimida Ixodidae kanalarning
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tagsimlanishiga doir tadgiqot ishlari amalga oshirilib, turlarning xilma-xilligi borasida

Nishon tumanida - 5 tur; Koson - 5 tur; Chiroqchi - 4 tur; Yakkabog* - 3 tur; G‘uzor — 3;

Qamashi - 2 tur va Shahrisabz tumanida - 2 tur kanalar uchrashi kuzatildi (2-jadval).
2-jadval.

Hududlar kesimida Ixodidae oilasi kana turlarining tagsimlanishi

[we}

5 e QO

g g 85 & 2 5

o) SN =
Hyalomma marginatum + + + - - .
Hyalomma scupense + + + + + +
Hyalomma dromedarii + - - - + -
Rhipicephalus sanguineus + + oy 4 + - +
Rhipicephalus turanicus + + + - - - -
Haemaphysalis punctata = 2 + + R _ .

Kamu: 5 4 5 3 3 2 2
Izoh : (+ kanalar uchragan, - uchramagan).

Xulosa. Qashgadaryo viloyati hududida Ixodidae oilasiga mansub 3 ta avlodga
tegishli 6 tur kanalar uchrashi aniglandi. Jumladan, Hyalomma scupense, H marginatum,
H. dromedarii, Rhipicephalus sanguineus, Rh. turanicus, Haemaphysalis punctata turlari
uchrashi qgayd qilinib, goramol, go‘y, echki, it va tipratikanlarda parazitlik qilishi
aniglandi. Hyalomma scupense turi umumiy yig‘ilgan kanalarning 28% ni tashkil etib,
boshga turlarga nisbatan dominantlik qilishi qayd etildi. Ushbu oila vakillari bilan
hayvonlarning ko‘p miqdorda zararlanishi Ovis aries (qo‘y) - 10,4%, kam migdorda
zararlanishi esa Hemiechinus auritus (tipratikan) — 2,8% ekanligi aniglandi.
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Abstract. Representatives of the genus Haemonchus differ significantly from other
trichostrongylids by their relatively large size. The following species of Hemonchus contortus, H.
placei, and H. longistipes have been recorded in ruminants of Uzbekistan.

The development of these species proceeds without the participation of an intermediate
host, i.e. according to the strongylid type. Females lay a large number of eggs, which are released
into the external environment with feces. Studies have shown that hemonchs live on the mucous
surface of the abomasum, while their concentration was greatest in the fundal and cardiac parts.

This self-regulation of strongylate is closely related to the ecology of helminths and their
hosts and, of course, is not always clearly manifested in experiments and may be disrupted in
natural conditions. In the latter case, the hemonch either do not take root in their hosts, or such
parasite—host relationships develop in which animals are excessively overpopulated with hemonch
and become seriously ill.

Currently, 13 species of the considered genus parasitizing the abomasums of ungulate
animals have been recorded. The ungulates of the family of Cervidae (1) Antilocapridae (1),
Giraffidae (1), Bovidae (12) and Camels (2) were recorded as definitive hosts of this parasite.
Individual populations of the Haemonchus species were recorded in Asia, Europe, America, Africa
and Australia. Sex ratio in Haemonchus contortus between females and males is 1:5. One female
lays from 150 to 10.000 eggs per day.

Keywords: Haemonchus, nematodes, parasite—host system, bioecological aspects,
morpho-functional relationships.

PARAZIT-XO‘JAYIN TIZIMIDAGI HAEMONCHUS (COBBOLD, 1898) AVLODI
NEMATODLARINING BIOEKOLOGIK ASPEKTLARI VA MORFO-
FUNKSIONAL ALOQALARI

Annotatsiya. Haemonchus avlodining vakillari nisbatan katta hajmda bo‘lishligi bilan
boshga trichostrongilidlardan sezilarli darajada farq giladi. O‘zbekistonning kavsh gaytaruvchi
hayvonlarida quyidagi turdagi gemonlar gayd etilgan: Haemonchus contortus, H. placei va H.
longistipes.

Ushbu turlarning rivojlanishi oraliq xo‘jayin ishtirokisiz davom etadi, ya’ni strongilid
tipida. Urg‘ochilar ko‘p migdordagi tuxum go‘yadilar, ular najas bilan tashqgi muhitga chiqgariladi.
Tadgiqotlar shuni ko‘rsatdiki, gemonxlar shirdon gorinning shillig gavatida yashaydi, ularning
konsentratsiyasi fundal va kardial gismlarida eng yuqori bo‘lgan.

Ushbu strongilatlar o°zini o‘zi boshqgarishda gelmintlar va ularning Xxo‘jayinlari
ekologiyasi bilan chambarchas bog‘lig, albatta, har doim ham tajribalarda aniq namoyon
bo‘lmaydi va tabiiy sharoitda buzilishi mumkin. Ikkinchi holda, gemonxalar xo‘jayinlarda ildiz
otmaydi yoki bunda parazit-xo‘jayin munosabatlari rivojlanadi, bunda hayvonlar gemonxalar
bilan haddan tashqari ko‘payib, ogir kasal bo‘lib golishadi.

Hozirgi vagtda tuyoqli hayvonlarning oshgozon-ichak tizimida parazitlik giluvchi ushbu
avlodning 13 turi gayd etilgan. Cervidae (1) Antilocapridae (1), Giraffidae (1), Bovidae (12) va
Camels (2) oilasiga mansub tuyoqgli hayvonlar ushbu parazitning aniq xo‘jayini sifatida qayd
etilgan. Haemonchus turlarining alohida populyatsiyalari Osiyo, Yevropa, Amerika, Afrika va
Avstraliyada gayd etilgan. Jinslar o‘rtasidagi Haemonchus contortusdagi jins nisbati 1:5. Bir
urg‘ochi kuniga 150 dan 10 000 tagacha tuxum go‘yadi.
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Kalit so‘zlar: Haemonchus, nematodlar, parazit—xo‘jayin tizimi, bioekologik jihatlar,
morfo-funksional munosabatlar.

Introduction. It is well known that the need to elucidate the mechanisms of
parasite adaptation to changing environmental conditions and functional relationships
between partners is of great interest for optimizing methods and developing disease
prevention tools.

Consequently, knowledge of the mechanisms of formation of helminth faunal
complexes will make it possible to determine the distribution areas of the parasite across
hosts, study the population structure and determine the interaction between hosts and
parasites, and predict the basis for identifying biotic and abiotic determinants of parasite-
host communities. The availability of information on the biological diversity of helminths
is a critical basis for determining responses under the prevailing conditions of ecological
change in the parasite-host system.

In addition, knowledge of the mechanisms of regulation of the number of parasites
is possible mainly at the population level, since the latter is a form of existence of the
species.

Currently, according to the literature data [1,6,7,8,9,10] and materials of our own
research, 13 species of nematodes of the genus Haemonchus Cobbold, 1898, parasitizing
the abomasum of ungulates, are registered in the world fauna. Ungulates of the families
Bovidae (12 species), Cervidae (1 species), Giraffidae (1 species), Antilocapridae (1
species), and Camelidae (2 species) were identified as definitive hosts. Individual
populations of hemonchus species have been recorded in the ecosystems of Asia, Europe,
America, Africa, and Australia.

These nematodes are also widespread in the biogeocenoses of Uzbekistan and are
recognized as the most pathogenic ruminant helminths. The losses caused to animal
husbandry by these parasites are significant [1, 2, 3, 4, 5, 9].

Questions of bioecology and morpho-functional relationships of nematodes of the
genus Haemonchus Cobbold, 1898 in the "parasite-host™ system are still insufficiently
studied.

Materials and methods. When studying the species composition and morphology
of hemonchs, the methods described by K.I. Scriabin et al. and V.M. lvashkin were used.
The size of the body and individual organs of the hemonch was determined according to a
generally accepted method. Before detection, the nematodes were placed for 6-7 hours in a
clarifying mixture consisting of equal parts glycerol and lactic acid. The collected material
was placed in vials, preserved in Barbagallo liquid and 70% ethanol, and labeled for
storage in the collection of General Parasitology at the Institute of Zoology of the
Academy of Sciences of the Republic of Uzbekistan.

In a number of farms and dehkan farms in the republic, caprological studies using
the Berman-Orlov method and sequential rinsing were carried out.

The eggs were obtained from fresh feces from naturally infected animals and
studied using the generally accepted methods of Berman and Orlov. To determine the
degree of infection of ruminants with nematodes, studies were conducted using methods
of complete helminthological autopsies of individual organs according to K.I. Scriabin.

The ML 2000 microscopes with a digital camera, Olympus CX31 and Olympus
CK2 were used in the work. The data analysis and static processing were performed using
Microsoft Office Excel 2003 and BioStat 2007 software. The material was eggs and
sexually mature individuals of Haemonchus contortus from spontaneously infected sheep
in Uzbekistan.

Results. Morphological characteristics of nematodes of the genus Haemonchus
Cobbold, 1898.

The size of nematode eggs, for the most part, depends on the characteristics of
their development. Haemonch eggs do not contain a large amount of nutrient material,
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since they develop only until the larvae of the first stage appear. Egg sizes: length
82.3+0.35 and width 41.9+0.34 microns.

Invasive haemonch larvae are characterized by the following characteristics: the
size of the esophagus, intestines and tail end, the number and shape of intestinal cells.
Larvae are small in size: 0.7-0.8 mm long, with a thread-like tail end. The esophagus is
relatively short and is 0.15-0.17 mm. Intestinal cells 14, triangular in shape. The last two
intestinal cells are of unequal length and spindle-shaped. The excretory opening is located
at the posterior end of the body.

Morphology of males and females of Haemonchus contortus Rudolphi, 1803.

Male. The body length is 20.31+0.43 mm, the maximum width near the base of the
bursa is 351+10.52 microns. The length of the esophagus is 1.82+0.04 microns. The nerve
ring is located at a distance of 261+7.62 microns, and the excretory opening is 301.3+7.47
microns from the anterior end of the body. The length of the left spicule is 509.94+7.95
microns, and the length of the right spicule is 511.5£7.91 microns. Each spicule has in the
tapering part one sharp, like a harpoon, spikelocated at a different distance from the distal
end: in the right spicule 53+0.72 microns, in the left 22.2+0.47 microns. The stem is
brown, slightly lighter than the spicules, shuttle - shaped shuttle-shaped, and 271.7+5.21
microns long (Figure 1).

The female. Female hemonchs, like other nematodes, are characterized by
monotonous morphology. Body length 29.6+0.51 mm, maximum width 647+16.07
microns. The length of the esophagus is 2.2+0.07 mm. The nerve ring is located at a
distance of 285.1+7.88 microns, and the excretory opening is 309.5+5.93 microns from
the anterior end of the body. The vulva is located at a distance of 4.05+0.11 mm from the
posterior end of the body, and is equipped with a powerful lingual valve. The length of the
front funnel is 309.6£14.31 microns, and the length of the rear funnel is 286.34+15.04
microns. The length of the anterior sphincter is 205.9+£10.51 microns, and the length of the
posterior sphincter is 206.2+10.28 microns. The egg thrower is well developed, 398.1+3.6
microns in length. Tail length 449.54+31.12 microns. Egg length 82.3+0.35 microns, width
41.940.34 microns (Figure 3).

Morphology of males and females of Haemonchus placei Place, 1893.

Male. Body length 20.37+£0.35 mm, maximum width (near the base of the bursa)
368.2548.87 microns. The length of the esophagus is 1.89+0.04 microns. The nerve ring is
located at a distance of 282.7+7.42 microns in the anterior part of the body. And the
excretory opening is 310.7+4.97 microns. The length of the knuckle is 243.2447.35
microns. The length of the left spicule is 539.7+6.56 microns, and the length of the right
spicule is 540.2+6.42 microns. Each spicule has a spike. The length of the left spicule
from the hook to its distal end is 29.67+0.74 microns, and the length of the right spicule is
58.94+0.91 microns (Figure 2)

The female. Body length 29.8+0.53 mm, maximum width 644.5+13.1 microns.

The length of the esophagus is 2.244+0.06 mm. The nerve ring is located at a distance of
282.25+7.89 microns, and the excretory opening is 325+7.78 microns from the anterior
end of the body. The vulva is located at a distance of 6.5+0.09 mm from the posterior end
of the body. The length of the front funnel is 334.8+15.71 microns, and the length of the
rear funnel is 272.2+10.2 microns. The length of the anterior sphincter is 219.4+8.56
microns, and the length of the posterior sphincter is 220.2+8.33 microns. The length of the
egg thrower is 540+7.63 microns. The tail length is 416+4.15 microns. Egg length
82.140.32 microns, width 41.6+0.36 microns (Figure 4).

Investigating the morphological features of hemonchs, we found that in H. placei
the spicules are curved slightly to the right, and its outer edge from the hook to the tip of
the left spicule is convex, whereas in H. contortus the spicules are straight, and the outer
side from the hook to the tip of the left spicule is concave. As for females, H. placei has
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the majority of individuals with a hemispherical outgrowth on the side of the vulva, while
H. contortus has females with a tongue-shaped valve. Other types of females are also
found, as in H..placei. In H. placei females, compared to H. contortus females mnuanee ,
the ovipositor is 540+7.63 microns longer (= ovipositor reservoir with sphincters) and the
vulva and anus are located further from the caudal end of the body. Thus, we state these
two types as independ

Figure 1 and 3. Tail ends of males: H. contortus Rudolphi, 1803 and H. placei Place, 1893:
k— knuckle, es - end of the spicule, s—spicules;
Figure 2. and 4. Tail ends of females (vulva area): H. contortus and H. placei:
as—anterior sphincter, af—-anterior funnel, sf-posterior funnel, ps—posterior sphincter, v-vulva;
(eyepiece 10, lens 40, original)

Studies have shown that hemonchs live on the entire mucosal surface of the
abomasum of sheep. At the same time, the majority of Haemonchus contortus individuals
were concentrated in the fundal and cardiac parts Haemonchus of the abomasum. To study
the sex ratio, the sex index (SE) was determined, i.e. the ratio of the number of females to
males of the studied species over a certain period of time. In common, less prolific
species, IP changed more significantly by season. In April-June, August-October, and
later, the IP of H. contortus increased to 2.0-3.0, fluctuating from 0.3 to 2.8 during the
year. In H. contortus, the number of females during the year is 3 times greater than that of
males. This ratio of females to males is 1: 5.

Thus, the sex index is high in populations with a significant number of individuals
of both sexes. In H. contortus, it is often higher than 2.5 and is maximal in the seasons
when the environment has the most favorable conditions for the development of free-
living forms of hemonch, and their abundance in the hosts reaches maximum values. It
should be noted that the higher the fecundity of females, the lower its sex index and vice
versa.

The fecundity of hemonchs can be judged by the number of eggs laid by one
female per day, or by the number of eggs that are found in 1 g of animal feces per
individual or female of the species. When examining animals for the presence of intestinal
strongylates, it was found that the most prolific are hemonchs. One female lays 150 to
10,000 eggs per day.

The above data indicate that the fecundity of hemonchs varies significantly. 30-45
eggs were found in 1 g of animal feces per female.

When calculating the ratio of the number of sexually mature individuals of H.
contortus and the number of their eggs in one ball of sheep feces weighing 0.3-0.5 g, it
turned out to be 1: 1.2.

According to our observations, H. contortus females lay 6-8 times more eggs than
Trichostrongylus spp. or Ostertagia spp.

The fluctuations in the fecundity of hemonchs noted by us and many other
researchers depended on a number of reasons, among which, first of all, we should
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highlight the factors that determine the season of the year. The leading ones, apparently,
are the temperature and humidity of the environment, because in the season when these
climatic factors were most favorable for the development of free-living hemonch larvae.
The latter, having reached sexual maturity, laid a large number of eggs. This is confirmed
to a certain extent by our studies on the seasonal dynamics of hemonchs and special
experiments.

Studies have shown that the fecundity of hemonchs is correlated with the body size
and age of female nematodes.

The fecundity of females undoubtedly depended on age. Females of H. contortus
begin to lay the maximum number of eggs in 30-40 days after infection of animals. This
rise depends on the type of helminth, the intensity of immunological reactions caused by it
in the host, and many other reasons that are not always clear and lasts from 6-9 days to 1-2
months. After that, the number of eggs gradually decreases and, finally, their allocation
completely stops.

We noted a sharp increase in the fecundity of hemonchs in spring, after sheep eat
young grasses.

Thus, it can be assumed that the daily egg production of hemonchs varies
seasonally, which depends on the reproductive activity of nematodes.

Hemonchae develop without intermediate hosts, i.e. they belong to monoxene
helminths. Larvae emerging from eggs develop in the external environment. They are not
very resistant to drying. In the biogeocenoses of Uzbekistan, they survive for 2-3 days in
summer, up to 65 days in spring, and up to 5 months in autumn and winter, when the air
and soil temperature are low and humidity is high. (Figure 5)

Discussion. Highly productive strongilates, i.e. hemonchs, either survive relatively
short in their hosts, or their embryos are weakly resistant to environmental factors and do
not last long here than the same embryos of low-fruited strongilates. At the same time,
gemonkhs theoretically have the same chances of getting into the host and populating
them to such an extent that it does not pose a threat to the animal and, ultimately, to the
gemonkhs themselves. Hemonches are self-regulating organisms in which, as already
noted, even the sex ratio is directly proportional to the fecundity of their females.

The above-mentioned self -regulation of strongylates is closely related to the
ecology of helminths and their hosts and, of course, is not always clearly manifested in
experiments and can be disturbed in natural conditions. In the latter case, hemonchs either
do not take root in their hosts, or such parasite-host relations develop, in which animals
are excessively overpopulated with hemonchs and become seriously ill.

In this regard, we believe that any anti-helminthic measures should begin with an
ecological analysis of a specific parasitological situation and, first of all, with the
identification and elimination of the causes that cause disruption of hemonch self -
regulation in ecosystems that also include these nematodes.

irc
up age 3

Figure 5. Development cycle of nematodes of the genus Haemonchus Cobbold, 1898 (original)
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Monitoring of the epizootic process in sheep hemonchosis. One of the
components of the epizootic process is the seasonal and age dynamics of sheep
hemonchoz in the biogeocenoses of Uzbekistan. The first appearance of eggs and mature
hemonchs in lambs under the age of one year was observed in October. At the same time,
the extensiveness of the invasion was 8% at this time. By the end of autumn, the extent of
the infestation increased to 20% and peaked in March (52%).

In April, hemonch eggs were found in 16% of the lambs examined, in May-in
12%. In the following months, the percentage of lambs infected with hemonha decreased
to 4%. In July, August and September, no hemonch eggs were found in lambs.

In adult sheep, an increase in hemonchosis is also observed in the spring. The
maximum extent of infestation is significantly lower in them (34-36%) than in lambs
(52%).

Based on the conducted studies, it was established that in the foothill zone, lambs’
eggs and mature hemonchs appear for the first time in October, as well as in lambs in the
desert zone. The infection rate is 6.7%.

It should also be noted that the intensity of infestation in adult sheep with
hemonchs during this period is also high. As the results of the autopsy of rennet showed, it
was estimated in thousands of copies. During this period, up to 1000 hemonch specimens
were found in the abomasum of one sheep. Starting from the second half of April, the
extensiveness and intensity of the invasion of sheep by hemonchs decreases and in the
summer months it drops to zero. In the autumn and especially in the winter periods of the
year the hemonhoz infestation increases again in young animals located in the foothill
zone of Uzbekistan.

Seasonal dynamics of hemonchosis in adult sheep is also characterized by a spring
rise. When the extensiveness of the invasion reaches up to 56%, and the maximum
intensity is 3972 instances. In May, there is a decrease in infestations (32%) and in the
summer months it reaches zero. In autumn, there is a gradual increase in infestation (6-16.
7%).

As for the clinical signs of hemonchiasis, it turnedout that it manifests itself in
sheep of the foothill and semi-desert zones at different times. In the semidesert zone, the
mass disease and death of sheep from hemonkhoz is observed in March, and in the foothill
zone - in April.

The dynamics of sheep hemonkhoz is directly dependent on the climaticand
geographical conditions of pasture areas and on those external factors (temperature,
humidity, etc.) that either inhibit or contribute to the development and preservation of
invasive elements in the external environment.

The high infestation of sheep with hemonch in the spring period is due to the high
saturation of the external environment (pasture) with invasive larvae, which creates
favorable conditions for mass infection of animals. Mass infection of sheep during this
period also contributes to the low resistance of animals to reinvasion.

The degree of invasiveness of different age groups of sheep varies widely.
Apparently, this depends on the age-related and acquired immunity. The decrease in the
extensiveness and intensity of invasion in the summer period is explained by the fact that
animals, using rich pastures, acquire sufficient fatness and become more resistant to
reinvasion. In addition, in the hot summer of Uzbekistan, hemonch larvae do not develop
to the invasive stage and die under the influence of sunlight.

Comparison of the dynamics of sheep hemonchosis by year in both the desert and
foothill zones of Uzbekistan indicates a constant trend of parasitization of hemonch in
sheep in the autumn-winter and spring periods, with a single-peak peak in spring (March,
April).

In order to prevent and eliminate sheep hemonchosis in farms, it is necessary to
carry out a complex of organizational and economic, veterinary and sanitary and special
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medical and preventive measures, taking into account the peculiarities of epizootology in
specific regions.
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Annotatsiya. Mazkur maqolada Melolontha avlodiga mansub bo‘lgan go‘ng‘izlarning
Xorazm viloyati Xiva tumanidagi bug‘doy dalalarida targalishining o‘rtacha sutkalik temperatura
asosida o‘zgarishi keltirilgan. Tadgiqotlar turli mexanik tarkibli tuprogga ega bo‘lgan dalalarda
olib borilgan. Qo‘ng‘izlar va lichinkalar morfologik jihatdan laboratoriya sharoitida mikroskopda
o‘rganilgan bo‘lib, natijalar asosida bu tur Melolontha melolontha deb topilgan. Mexanik tarkibi
gumoq bo‘lgan tuproglarda og‘ir mexanik tarkibli tuproglarga nisbatan qo‘ng‘iz lichinkalari soni
yuqgori bo‘lishi aniglandi. Ularning uchib chigishi 2022-yilda mart oyining oxirida boshlanganligi
kuzatildi. Lichinkalar soni har ikkala tuproq turida ham may oyida maksimal darajaga yetgani va
iyul oyida eng past ko‘rsatkichga tushgani kuzatilgan. Bug‘doy dalalarida lichinkalar tomonidan
o‘simliklar ko‘proq zararlanishini hisobga olganda, may oyida Melolontha avlodiga mansub
go‘ng‘izlar tomonidan bug‘doy ko‘prog zarar ko‘radi. Bu boshoglash yoki donning pishish
fazalariga to“g‘ri kelganligi sababli hosil va uning sifatiga salbiy ta’sir gilish ehtimoli juda yugori.

Kalit so‘zlar: qo‘ng‘iz, tuprog, mexanik tarkib, sutkalik temperatura, lichinkalar.
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DISTRIBUTION OF BEETLES BELONGING TO THE GENUS
MELOLONTHA IN WHEAT FIELDS OF KHOREZM REGION
Abstract. This article presents the dynamics of the distribution of beetles belonging to the
genus Melolontha in wheat fields of the Khiva district, Khorezm region, in relation to average
daily temperature. The study was conducted on fields with soils of varying mechanical
composition. Adult beetles and their larvae were examined morphologically under laboratory
conditions using microscopy, and the specimens were identified as Melolontha melolontha. It was
found that larval abundance was higher in loamy soils compared to soils with heavier mechanical
composition. The emergence of adult beetles was first observed at the end of March 2022. The
larval population peaked in May and reached its lowest level in July in both soil types.
Considering that larval feeding causes significant plant damage in wheat fields, it is likely that
wheat crops suffer the greatest harm from Melolontha spp. in May. Since this period coincides
with the heading or grain-filling stages of wheat, the potential negative impact on both yield and
grain quality is considered to be very high.
Keywords: beetle, soil, mechanical composition, daily temperature, larvae.

Kirish. Bug‘doy — O‘zbekistonda asosiy ozig-ovgat mahsuloti bo‘lib, aholining
kunlik non, un va boshga mahsulotlar bilan ta’minlanishida markaziy o‘rin tutadi. Har yili
Oc<zbekiston aholisi o‘rtacha 7-8 million tonna bug‘doyga ehtiyoj sezadi, shuning uchun
uning uzluksiz yetishtirilishi davlat xavfsizligi darajasida nazorat gilinadi.[1] Bug‘doy
hosildorligini oshirish va ichki bozorda uni sotish yuzasidan qgator davlat hujjatlari gabul
gilingan. “Gc‘alla yetishtirish va sotishda bozor tamoyilini joriy etishning qo‘shimcha
chora-tadbirlari” yuzasidan 2022-yil 30-maydagi garorga binoan bug‘doy yetishtirish va
savdosini liberallashtirish, bozor ragobatini rag‘batlantirish nazarda tutilgan. Don va
hosildorlikni aniglash uslubini standartlashtirish yuzasidan 2019-yil 26-apreldagi Ne 357-
son garor gabul gilingan. Ushbu garor orgali dala hosildorligi va umumiy hosilni baholash
uchun yagona nizom joriy gilingan. Qabul gilingan garorlar bug‘doydan yugori va sifatli
hosil yetishtirish dolzarb masalalardan biri ekanligini ko‘rsatadi. Yuqori va sifatli hosil
yetishtirish ~ uchun  bug‘doy dalasidagi  hasharotlarni  o‘rganish,  bug‘doyni
zararkunandalardan ekologik toza usulda yetishtirish imkonini beradi.[4]

Bug‘doy dalalarida aniqlangan hasharotlar soni dalaning geografik joylashuvi,
igqlimi, tuproq sharoiti va ekin almashinuvi tizimiga bog‘liq.[2,3] O‘zbekistonda va
umuman Markaziy Osiyoda o‘tkazilgan entomologik tadqiqotlar asosida, bug‘doy
dalalarida 50 dan ortiq turdagi hasharotlar aniglangan.[2] Ular orasida tuprogda yashovchi
zararkunanda hasharotlar va ildizga zarar yetkazuvchilar: Melolontha melolontha, Zabrus
tenebrioides, Tanymecus dilaticollis, Agriotes spp., Scarabaeidae lichinkalari; poyaga va
bargga zarar yetkazuvchilar: Eurygaster integriceps, Lema melanopa, Aelia spp.,
Chlorops pumilionis, Aphididae spp., Thrips tabaci; boshoqga zarar yetkazuvchilar:
Sitophilus granarius, Cephus pygmaeus, Oscinella frit; foydali entomofauna: yirtgich va
parasitoidlar: Coccinellidae (shiralar bilan oziglanadi), Chrysopidae, Syrphidae,
Ichneumonidae, Braconidae; changlatuvchi yoki neytral hasharotlar: Apis mellifera,
Halictidae, Andrenidae, Formicidae.[2,10,11]

Tadgigot metodologiyasi. Bug‘doy dalasida izlanishlar 2023-yilda Xiva
tumanida, Pahlavon Mahmud qishlog‘ida 40 gektar og‘ir va qumoq tuproqgli bug‘doy
dalalarida olib borildi. Lichinkalar sonini aniglash uchun dalada 25x25 sm yoki 50%50 sm
o‘lchamdagi, chuqurligi 25-30 sm bo‘lgan namunaviy chuqurchalar qazildi. Har bir
chuqurdan lichinkalar soni aniglandi. Odatda 10-20 ta nuqtada namunalar olinadi.
O‘rtacha son 1 m? ga keltirib hisoblanadi. Maxsus yorug‘lik manbali moslamalar (lampa,
LED UV) kechki vaqtda dalada o‘rnatilib, oq matoga kelib tushgan qo‘ng‘izlar sanalib,
cksgauzer yordamida yig‘ib olindi. Morfologik kuzatishlar ADF-5645 stereoskopi
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yordamida o‘rganildi. [8,9,11] Tuprogning mexanik tarkibini aniglashda Plat-forma.uz
saytidagi Germaniyaning ZEF Bonn universiteti ma’lumotlari asosida tayyorlangan
Urganch davlat universitetining ma’lumotlar bazasidan foydalanildi. Atmosfera havosi va
tuproq temperaturasi MODIS sun’iy yo‘ldosh bazasidan olindi.[5,6,7]

Natijalar va muhokama. Bug‘doy dalalaridan topilgan lichinkalar morfologik
jihatdan tahlil qilindi:[1-jadval]

1-jadval. Topilgan lichinkalarning morfologik belgilari

Tana qismi Tavsifi

Uzunligi 30-50 mm gacha.

Rangi Oq yoki sarg‘ish rangli, yarim shaffof

Bosh Yassi, qattiq jigarrang, kuchli chaynash apparati bilan
Tana shakli Egilgan “C” harfiga o‘xshash, segmentli

Oyoglar 3 juft ko‘krak oyoqglari mavjud

Orga qismi (anal segment) | xitin o‘simtali

Yashash muhiti Tuproq ichida, asosan ildizlar bilan oziglanadi

Tuproq tarkibidan topilgan hasharotlar orasida yirikroq qo‘ng‘izlar ham uchradi,
ular morfologik jihatdan o‘rganildi[2-jadval]. Olingan natijalarga asoslanib, bu lichinkalar
Melolontha melolontha turiga mansub deb topildi. Melolontha melolontha turiga mansub
may qo‘ng‘izlari galalashish (ya’ni, imago shaklidagi faollashish) davrida eng ko‘p
yorug‘likka intiluvchan bo‘ladi. Bu holat aynan ularning biologik ritmlari, haroratga
moslanishi va ko‘payish sikli bilan bevosita bog*liqdir.

2-jadval.

Tana gismi Tavsifi
Uzunligi 20-30 mm
Rangi Jigarrang, ganot gopgog‘i och-jigarrang yoki sarg‘ish-jigarrang
Bosh Katta, quyuq rangda, ustida Kichik nugtachalar (grooving) mavjud
Antennalar Yelmogli shaklda, 7-11 bo‘g‘imli; erkaklarda kengrog, yelpig‘ichsimon
Ko‘zlar Yaxshi rivojlangan, harakatchan
Ko‘krak (toraks) | Yassi, jigarrang, usti no‘xatdek o‘simtali yoki girrali bo‘lishi mumkin
(Qalobggmen) 8-9 segmentli, yumalog shaklda
Qanotlar 2 juft: yuqori ganotlar (elytra) gattiq va rangli; pastki ganotlar — uchish uchun
Ovoglar Qazyvqhi tipda, (xususan,

yoq oldingi oyoqlar), tuproq kovlashga moslashgan

2022-yilgi kuzatuv natijalariga ko‘ra, aprel oyida Xorazm viloyatida harorat o‘rtacha
+12.5°C atrofida bo‘lgan. [3-jadval] Bu harorat go‘ng‘izlarning tuprogdan chigib, faol
harakatlana boshlashi uchun qulay mikroiglim sharoitini yaratadi. Yorug‘lik tutgichlariga
bir kecha davomida 40-38 dona qo‘ng‘iz tushgani gayd etilgan. Bu ko‘rsatkich shuni
anglatadiki, aprel — faollikning boshlanish bosgichi bo‘lib, aynan shu vaqtda qo‘ng‘izlar
yer yuzasiga chigadi, erkaklar urg‘ochilarni izlay boshlaydi va galalashish boshlanadi.
Melolontha go‘ng‘izlarining eng yuqori faollik davri may oyiga to‘g‘ri keladi. Xususan,
harorat +22.6 °C bo‘lgan. Tutgichlarda 92 va 89 ta qo‘ng‘iz aniglangan. Bu — cho‘qqi
galalashish davri bo‘lib, biologik jihatdan quyidagi jarayonlar faol kechadi: urg‘ochilar va
erkaklar juftlashadi, ko‘payish sodir bo‘ladi, tuxumlar tuprogga qo‘yiladi, o‘simlik
barglarida oziglanish avjiga chigadi. Bu vaqtda Melolontha’ning entomofaunadagi
ekologik ta’siri eng kuchli bo‘ladi. Aynan shu bosgichda zararkunandalarga garshi kurash
choralarini faol go‘llash uchun magbul davr hisoblanadi.

3-jadval.
oy O‘rtacha Qo‘r_1g‘izlar (1 Qo‘r_1g‘izlar (1
harorat (°C) tutqich/kecha) tutqgich/kecha)
Mart +4.4 5 3
Aprel +12.5 40 38
May +22.6 92 89
lyun +26.5 60 o7
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Iyul +28.3 35 33
Avgust +25.5 6 S
Sentyabr +17.9 2 2
Oktyabr +11.3 0 0

Iyul oyida harorat yuqori (+28.3°C) bo‘lishiga garamay, go‘ngizlar soni
kamaymoqda. Sabablari quyidagicha: imagolarning ko‘pchiligi allagachon juftlashib,
nobud bo‘lgan, tuxum qo‘yish tugagan, tunda haroratning keskin pasayishi ularning
harakatini cheklaydi, ozig manbalari (yangi barglar) kamaygan. Shu sababli bu davr
faollikning pasayish bosgichi hisoblanadi, lekin hali ham monitoring davom ettirilishi
kerak. Avgust oyida faollik keskin kamayadi (6-5 ta qo‘ng‘iz), sentyabrda esa deyarli
nolga tushadi. Oktyabrda harorat +11 °C atrofida bo‘lib, imago shakli butunlay yo‘qoladi.
Bu vaqgtda go‘ng‘izlar tuprogga gaytadi, lichinkalar shaklida rivojlanish davom etadi,
yangi siklga tayyorgarlik boshlanadi.

Quyidagi jadvalda bug‘doyning vegetatsiya davri (mart—iyul) davomida og‘ir
mexanik tarkibli tuproglar (masalan, loyqa yoki gil tuproglar) va qumoq tuproqglarda 1 m?
maydonda uchraydigan Melolontha lichinkalari sonining o‘zgarishi ko‘rsatilgan.[4-jadval]
Har bir oyda lichinkalar sonining farqi ularning biologik faolligi, tuproq tarkibi, namlik
migdori va ozuga zaxirasiga bog‘lig. Mart oyida og‘ir tuproglarda lichinkalar soni
o‘rtacha 2 ta bo‘lsa, qumoq tuproglarda bu ko‘rsatkich 5 taga yetadi. Bu farg, aynigsa
qumoq tuproglarning yaxshiroq aeratsiyaga ega bo‘lishi, tuproq haroratining nisbatan tez
ko‘tarilishi va o‘simlik ildizlarining erta rivojlanishi bilan bog‘lig. Aprel oyida lichinkalar
soni og‘ir tuproglarda 3 taga, qumoq tuproglarda esa 7 taga yetadi.

4-jadval.
Turli mexanik tarkibli bug‘doy dalalarida Melolontha avlodiga mansub hasharotlarning targalishi
Bug‘doy Og‘ir mexanik Qumoq tuproglarda 1z0hlar
fazasi tarkibli (1 m?) (1 m?)
Loyga tuproqda oziga va
20. mart 2ta 5ta namlik ko“p
20. aprel 3ta 7ta Ildiz o‘sishi boshlanadi
Lichinkalar ildizga yaqin
20. may 4ta 10ta joyda faol harakat giladi
. Oziga kamaygani uchun
20. yun 3t 6ta harakat kamayadi
. Ko“pchilik lichinkalar
20. iyul lta 3t chuqurroq gatlamga tushadi

Bu davrda bug‘doy ildiz tizimi kengayishni boshlaydi va lichinkalar ozuga izlab
ildiz tomon harakatlanadi. Aynigsa qumoq tuproglarda bu jarayon faolroq kechadi. May
oyida lichinkalar soni maksimal darajaga yetadi — og‘ir tuproglarda 4 ta, qumoq
tuproglarda esa 10 tagacha. Bu davrda lichinkalar bug‘doy ildizlariga jiddiy zarar
yetkazishi mumkin. lyun oyida lichinkalar soni pasayadi — og‘ir tuproglarda 3 ta, qumoq
tuproglarda esa 6 ta. lyul oyida esa eng past darajaga tushadi — og‘ir tuproglarda 1 ta,
qumoq tuproglarda 3 taga yaqin.

Xulosa va takliflar. Xulosa gilib aytganda, Xorazm viloyati bug‘doy dalalarida
Melolontha melolontha turi keng targalgan. Ularning lichinkalari soni bug‘doy dalalarida
may oyida maksimal darajaga yetib, undan keyin kamayib borishi aniglandi. Lichinkalar
soni bug‘doy dalalarida mexanik tarkibga bog‘liq bo‘lib, loyga tuproglarda kamroq,
qumoq tuproglarda ko‘prog uchrashi gayd etildi. Melolontha avlodiga mansub bo‘lgan
go‘ng‘izlar tuproq tarkibiga va iglimning o‘zgarishiga bog‘lig holda turli davrlarda uchib
chigishi mumkin. Olingan natijalarga asoslanib, biz bug‘doy dalalarida mexanik tarkibi
qumoq bo‘lgan dalalarda birinchi navbatda kurash tadbirlarini olib borish zarur ekanligini
tavsiya gilamiz.

134



QarDU xabarlari BIOLOGIYA 2025 3(2)

Foydalanilgan adabiyotlar

1. Babaxolov Sh., Kim K.-R., Lee S. H. (2018). Agricultural Transition and Technical Efficiency: An
Empirical Analysis of Wheat-Cultivating Farms in Samarkand Region, Uzbekistan. Sustainability, 10(9): 3232.
https://doi.org/10.3390/su10093232

2. G‘aybullayev G. S., Bolbekov M. A., Tuygunov R. B. (2020). Wheat Breeding Research in the
Zarafshan Oasis of the Republic of Uzbekistan. The American Journal of Agriculture and Biomedical
Engineering, October 28, 2(10): 27-37. https://doi.org/10.37547/tajabe/\VVolume02lssue10-06

3. Ahmadjonova S. Sh. (2025). Pacnpocmpanenue u 6uonocuseckas akmusHOCMb MAUCKO20 IHCYKA
(Melolontha melolontha L.) 6 ycnosusx @epeanckoi doaunsi. Economy and Innovation, 60.
https://gospodarkainnowacije.pl

4.  Lex.Uz.

5. Wan Z. (1999). MODIS Land-Surface Temperature Algorithm Theoretical Basis Document (LST
ATBD), Version 3.3, pp. 48-57.

6. Mao K., Qin Z., Shi J., Gong P. (2005). A practical split-window algorithm for retrieving land-
surface temperature from MODIS data. International Journal of Remote Sensing, 26(15): 3181-3204.

7. Liz-L., Tang B.-H., Wu H., Ren H., Yan G., Wan Z., Trigo I. F., Sobrino J. A. (2013). Satellite-
derived land surface temperature: Current status and perspectives. Remote Sensing of Environment, 131: 14-37.

8. Kuznetsov V. A., Alba L. D., Andreichev A. V. va boshq. (2014). Metody polevykh
zoologicheskikh issledovaniy [Poley tadgigotlar metodikasi]. Saran: Mordov universiteti nashriyoti. 236 bet.

9. Hubble D. S. (2012). Keys to the Adults of Seed and Leaf Beetles of Britain and Ireland.
https://www.researchgate.net/publication/256371667_Keys_to_the Adults_of Seed_and_Leaf Beetles_of Britai
n_and_lreland

10. Santos J. C., Fernandes G. W. (2020). Measuring Arthropod Biodiversity: A Handbook of Sampling
Methods. Springer. https://doi.org/10.1007/978-3-030-53226-0

11. Belyachenko A. V., Shlyakhtin G. V., Filipychev A. O., Mosolova E. Yu., Melnikov E. Yu.,
Ermokhin M. V., Tabachishin V. G. (2014). Meroasl KOAMYECTBEHHOro yuéra M MOPQOIOTHUECKUX
HCCIIeOBaHN Ha3eMHBIX TI03BOHOYHBIX )KHUBOTHBIX Saratov universiteti nashriyoti. 148 bet.

XORAZM VOHASI PIYOZ AGROSENOZIDA UCHROVCHI FITOFAG
HASHAROTLAR

H.O¢.Jumanazarov

Xorazm Ma’mun akademiyasi, katta ilmiy xodim
hasanjumanazarov3l@gmail.com

ORCID 0009-0002-6338-9220

UDK 574.3:595.

Annotatsiya. Ushbu magolada Xorazm vohasi piyoz agrosenozida oldin gayd gilinmagan
Agriotes mancus, Melolontha hippocastani, Melolontha furicicauda, Euborellia annulipes, Fannia
canicularis kabi piyoz o‘simligiga zarar keltiruvchi fitofaglar hagida ma’lumotlar berilgan. Piyoz
o‘simligining dorivorlik xususyati hamda inson hayotidagi ahamyati yuqgori ekanligini inobatga
olgan holda, piyoz agrosenozining entomokompleks tur tarkibi o‘rganilgan. Xususan, piyoz
o‘simligida uchrovchi zararkunanda fitofaglarning bioekologik xususyatlarini o‘rganish natijasida
piyoz o‘simligining qaysi bosgichlarida zazarkunanda hasharotlar bilan zararlanishi hamda
fitofaglar qay darajada o‘simlikka zarar yetkazishi keltirib o‘tilgan. Tadgiqot ishlari davomida
hasharotlarning sistematik o‘rnini aniglashda sohaga oid gator aniglagichlar va ilmiy manbalardan
foydalanilgan. Jumladan, O<zbekistonda uchrovchi hasharotlar bo‘yicha F.A.G‘afforov va b,
Sh.T. Xo‘jayev va M.J. Medetov N.N. Vinokurov va b., pardaganotlilar bo‘yicha B. Jumanov
ishlaridan foydalanilgan.

Kalit so‘zlar: Ceutorrhynchus rapae, Ceuthorrhynchus jakovlevi, Agriotes lineatus,
Agriotes mancus, Melolontha hippocastani, Melolontha furicicauda, Euborellia annulipes, Fannia
canicularis, Fannia scalaris, Fannia leucosticta, Fannia manicat, Muscina assimilis, Muscina
stabulans, Aulacorthum solani, Nezara viridula, Acrolepia sapporensis, Acrolepia asiatica.

PHYTOPHAGOUS INSECTS FOUND IN THE ONION AGROCOENOSIS OF
THE KHOREZM OASIS

Abstract. This article discusses previously unrecorded phytophages in the agrocoenosis of
onion crops in the Khorezm oasis, including Agriotes mancus, Melolontha hippocastani,
Melolontha furcicanda, Euborellia annulipes, and Fannia canicularis, which damage onion plants.
Given the high medicinal properties of onions and their importance in human life, the
entomocomplex species composition of the onion agrocoenosis has been studied. In particular,
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research on the bioecological characteristics of phytophagous pests found in onion plants has
revealed the growth stages at which the crop is most vulnerable to insect damage and the extent of
harm caused by these pests.During the research, taxonomic identification of insects was carried out
using relevant identification keys and scientific literature. Notably, works by F.A. G‘opporov et
al., Sh.T. Khojaev and M.J. Medetov, N.N. Vinokurov et al. on insects found in Uzbekistan, as
well as B. Jumanov’s studies on Hymenoptera, were referenced.

Keywords: Ceutorhynchus rapae, Ceuthorrhynchus jakovlevi, Agriotes lineatus, Agriotes
mancus, Melolontha hippocastani, Melolontha furcicanda, Euborellia annulipes, Fannia
canicularis, Fannia scalaris, Fannia leucosticta, Fannia manicata, Muscina assimilis, Muscina
stabulans, Aulacorthum solani, Nezara viridula, Acrolepia sapporensis, Acrolepia asiatica.

Kirish. Piyoz agrosenozi hasharotlari alohida ahamiyatga ega bo‘lib, ular piyoz
mahsuldorlining kamayishida, trofik oziqlanishda o‘ziga xos xususiyatlarga ega. Bugungi
kunda piyoz va sarimsoq piyoz o‘simligining dorivorlik xususyati hamda inson hayotidagi
ahamyati yuqori ekanligi olimlar tamonidan isbotlangan. Qishlog xo‘jaligining asosiy
tarmoglaridan bo‘lgan piyoz ekinlari yetishtirishda va hosildorlikni oshirishda fitofag
hasharotlarga garshi kurash tadgiqotlari olib borish muhim ro‘l o‘ynaydi. Hisob-kitoblarga
ko‘ra, hasharotlar zarari va kasalliklari tufayli har yili piyoz hosildorligining yo‘qolishi
50-90% ni tashkil giladi [1;2]. Fitofaglar o‘simlik to‘gimalaridan suyuglikni so‘rib,
barglarda dog‘lar hosil gilish va pigmentlarning parchalanishiga sabab bo‘ladi. Piyoz
vegetatsiyasining turli bosqgichlarida, jumladan, ko‘chat, piyoz boshlash va gullash
davrlarida trips, hasharotlar lichinka va qurtlari, simqurtlar, shira, qo‘ng‘iz kabi
zararkunanda hasharotlar hujumga uchraydi. Bunda asosan trips, yani tamaki tripsi bilan
zararlanish holatlari ko‘proq kuzatiladi.

Shuningdek, piyoz boshga zararkunandalardan ham ko‘proq zarar ko‘radi. Bunday
zararkunandalarga burga go‘ng‘iz, uzunburun qo‘ng‘iz, quloqgazar, piyoz pashshasi,
meva pashshasi, axlat pashshasi, shira va boshgalarni misol gilish mumkin. Polifag
zararkunandalardan burga qo‘ng‘izi, kartoshka skrabidi, chigirtkalar, chirildoglar,
shilligqurtlar piyoz bargi bilan oziglansa, buzogboshlar, tunlam qurtlari, bug‘doy simquirti,
soxtasimqurt lichinkalari piyozning yerostki gismiga zarar yetkazadi.

Markaziy Osiyo mamlakatlarida oddiy piyoz ekinlari zararkunandalari to‘g‘risida
ma’lumotlarni dastlab V.V. Yaxontov o‘zining tadgigotlarida ko‘rsatib o‘tadi. U
piyozdosh zararkunandalari sifatida Anguillina pratensis va Aphelenchus avenae
nematodalarini, piyoz kanasini, buzogboshlarning 3 turini, dala chirildog‘ini, qir
chigirtkalarini, tamaki tripsini, simqurt va soxta simqurtlarni, o‘simta pashshasini,
karadrinani, kuzgi, undov va yovvoyi tunlamlarni sanab o‘tgan [3; 9] ma’lumotlariga
ko‘ra, K.P. Sidorov va A.P. Shapova o‘simta pashshasi, vizildoq pashsha, piyoz kanasi,
tamaki tripsi, piyoz pashshasi, piyoz ildiz kanasi, T.N. Nurmuratov va G.X. Shex tamaki
tripsi, vizildog pashsha, piyoz pashshasi, yashirin xartumli qo‘ng‘iz, piyozpoya
nemotodasi kabi zararkunandalar uchrashi to‘g‘risida ma’lumotlar Kkeltirganlar.
Qozog‘istonda piyozlar tamaki tripsi, piyoz yashirin xartumli go‘ng‘iz, piyoz vizildog
pashshasi, beda tunlami kabi fitifaglar bilan zararlanishi gayd gilingan [4].

Faunistik sistematik tahlil natijalari Markaziy Farg‘onaning sabzavot-poliz
ekinlarida 7 turkum, 32 oilaninig 113 urug‘ga mansub 148 tur va 7 kenja turdan iborat
fitofag hasharotlar uchrashini gayd etgan [5;8]. Piyoz va sarimsoq piyozga bir gancha
zararkunda hasharotlar zarar keltiradi. Shulardan keng targalgani tripslar hisoblanadi.
Trips to‘g‘ridan to‘gri yoki bilvosita virus yugishiga va rentabillikning 30-50% gacha
pasayishiga olib kelishi aniglangan. Shulardan kelib chiggan holda Xorazm vohasi,
qolaversa, Shimoli-g‘arbiy O‘zbekiston mintagasida piyoz zararkunandalarning bugungi
taksonomik holatni tahlil qilish muhim ahamyatga ega.

Tadqgigot metodologiyasi. Foydali va zararli hasharotlarni muntazam monitoring
gilish tadgiqotlari kuzatuv va belgilangan uslublar asosida amalga oshirildi. Entomofaglar
statsionar uchastkalardan va marshrut izlanishlari jarayonida yig‘ildi. Yig‘ilgan materiallar
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laboratoriya sharoitida aniglanib, sistematik holga keltirildi hamda ayrim entomofaglar
imago oldi fazalaridan voyaga yetgan hasharot chiqqunga gadar laboratoriya sharoitida
parvarish gilindi.

Hasharotlarning sistematik o‘rnini aniglashda sohaga oid gator aniglagichlar va
ilmiy manbalardan foydalanildi. Jumladan, O°zbekistonda uchrovchi hasharotlar bo‘yicha
F.A.G‘opporov va b, Sh.T.Xo‘jayev va M.J. Medetov, N.N.Vinokurov va b.,
pardaganotlilar bo‘yicha B.Jumanov tadgigot natijalari hasharotlar tur tarkibini
aniglashga yordam berdi. Zarur hollarda turlarni aniglashda onlayn-aniglagichlardan ham
foydalanildi .

Tadgiqotlar davomida yig‘ilgan hasharotlar 70 %li etil spirtida saglanib borildi va
Xorazm Ma’mun akademiyasi laboratoriyasida turlar identifikatsiya qilindi. Piyoz
zarakunandalarining turli bosgichlarida biologik, fenologik rivojlanishi va dinamik
miqdorini aniglash tadgiqotlari G.Ye. Osmolovskiy, B.V. Dobrovolskiy, L.P. Berger, V.N.
Burov uslublari, hasharotlar ekologiyasining aspektlari V.V. Yaxontov uslublari asosida
amalga oshirildi.

Tahlil va natijalar. Ilmiy kuzatishlar davomida Xorazm vohasi, qolaversa,
Shimoli-g‘arbiy O‘zbekiston mintagasida piyoz zararkunandalarning bugungi taksonomik
holatni tahlil qilish magsadida mavjud ma’lumotlar va tadqiqotlarimizdan olingan
ma’lumotlar asosida qiyosiy solishtirish o‘tkazdik. O°‘zbekiston piyoz agrosenozi
zararkunandalari xilmaxilligining 2024-yil holatiga, ya’ni V.V.Yaxontov (1962),
A.Sh. Hamrayev (1991), D.Azimov va boshq. (1993), X.Kimsanboyev (2001),
M.I. Rashidov (2001), B.A. Sulaymanov (2008), D. Obidjonov va boshq. (2009),
Sh.T.Xo‘jayev (2010), A.I. Marupov (2014), Hakimov va boshq. (2017) ma’lumotlariga
ko‘ra, fitofaglarning bir qancha turlari bo‘yicha ma’lumotlar berilgan. [6;7;10].

Adabiyot manbalarida ko‘rsatilgan va bizning tadqiqotlarimiz natijalari, jumladan,
1035 dan ortiq hasharotlar namunalari tahliliga ko‘ra, Xorazm vohasi piyoz agrosenozida
uchrovchi  zararkunandalarining 12 oila, 12 avlodga mansub 23 ta turi gayd etildi.
Tadqiqot natijalarining qiyosiy tahlili yuqorida qayd etilgan mualliflar ma’lumotlari va
boshqga manbalar asosida ko‘rsatib o‘tildi.

Olib borilgan tadqiqot natijalarimizga ko‘ra 23 ta tur Ceutorrhynchus rapae Gyllenhal,
1837, Ceuthorrhynchus jakovlevi Schultze, 1902, Agriotes lineatus (Linnaeus, 1767),
Agriotes mancus (Say, 1823), Melolontha hippocastani Fabricius, 1801, Melolontha
furicicauda (Ancey, 1881), Euborellia annulipes (Lucas, 1847), Fannia canicularis
(Linnaeus, 1761), Fannia scalaris (Fabricius, 1794), Fannia leucosticta (Meigen, 1838),
Fannia manicata (Meigen, 1826), Muscina assimilis Fallen, 1823, Muscina stabulans
Fallen, 1817, Aulacorthum solani (Kaltenbach, 1843), Nezara viridula (Linnaeus, 1758),
Acrolepia sapporensis (Matsumura, 1931), Acrolepia asiatica (Gaedike, 1971),
Spodoptera exigua (Hubner, 1808), Spodoptera litura (Fabricius, 1775), Chrysodeixis
chalcites (Esper, 1789), Chrysodeixis eriosoma (Doubleday, 1843), Euxoa nigricans
(Linnaeus, 1761), Euxoa tritici (Linnaeus, 1761) Xorazm vohasi piyoz agrosenozida

yangi qayd qilingan fitofaglar ro‘yxati shakllantirildi (1-  jadvalga
qarang).
1- jadval.
Xorazm vohasi piyoz agrosenozida yangi qayd qilingan fitofaglar ro‘yxati
Oila Avlod Tur

Ceutorrhynchus rapae
Chrysomelidae Ceuthorrhynchus  |Gyllenhal, 1837

Latreille, 1802 (Champion,1907)  |Ceuthorrhynchus jakovlevi
Schultze, 1902

Elateridae Agriotes \griotes lineatus (Linnaeus, 1767)
Leach, 1815 Eschscholtz, 1829  |Agriotes mancus (Say, 1823)
Scarabaeidae Melolontha \WMelolontha hippocastani

Latreille, 1802 [Fabricius, 1775 [Fabricius, 1801
WMelolontha furicicauda Ancey, 1881
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Forficulidae [Euborellia Euborellia annulipes (Lucas, 1847)
Latreille, 1810 Burr, 1909
Fannia canicularis (Linnaeus, 1761)
Fanniidae Fannia Fannia scalaris (Fabricius, 1794)
Schnabl, 1911 R.Desvoidy, 1830 |24 leucosticte (Meigen, 1838)
Fannia manicata (Meigen, 1826)
Muscidae Muscina Muscina assimilis Fallen, 1823
Latreille, 1802 R.Desvoidy, 1830 |17, <cina stabulans Fallen, 1817
Aphididae ulacorthum lAulacorthum solani Kaltenbach, 1843
Latreille, 1802 Mordvilko, 1914
Pentatomidae Nezara Nezara viridula (Linnaeus, 1758)
Leach, 1815 Servlle, 1843
Glyphipterigidae |Acrolepia Acrolepia sapporensis (Matsumura,
Stainton, 1854 Curtis, 1838 1931)
Acrolepia asiatica (Gaedike, 1971)
ISpodoptera ISpodoptera exigua (Hubner, 1808)
Guenée, 1852 ISpodoptera litura (Fabricius, 1775)
Noctuidae Chrysodeixis Chrysodeixis chalcites (Esper, 1789)
Latreille, 1809 Hiibner 1821 Chrysodeixis eriosoma (Doub, 1843)
Euxoa [Fuxoa nigricans (Linnaeus, 1761)
Hiibner, 1821 [Fuxoa tritici (Linnaeus, 1761)

Aniqglangan 10 ta oilaga mansub 23 turdan Noctuidae oilasiga mansub 3 ta avlod va
6 tur (26.2%) (l-rasm), Fanniidae oilasiga mansub 1 avloddan 4 ta tur (17.4%),
Glyphipterigidae oilasiga mansub 1 avloddan 2 ta tur (8.7%), Chrysomelidae oilasiga
mansub 1 avloddan 2 tur (8.7%), Elateridae oilasidan 2 ta tur (8.7%),Scarabacidae
oilasidan 2 tur (8.7%), Muscidae oilasidan 2 tur (8.7%), aniqlangan bo‘lsa, Forficulidae
oilasi 1 ta avlodiga mansub 1 tur (4.3%), Aphididae oilasidan 1 ta tur (4.3%),
Pentatomidae oilasidan 1 ‘ta‘tpr (4.3%) uchrashi %yd etildi (2-jadvalga garang).

S 3= ol

1-rasm: Noctuidae oilasi Spodoptera litura turining imogo va g‘umbagi

2-jadval:
Xorazm vohasi piyoz agrosenozi fitofaglari taksonomik tarkibi
Ne Oilalar Avlodlar Turlar
sonda | foizda | sonda foizda

1 Noctuidae Latreille, 1809 3 25 6 26.2
2 Fanniidae Schnabl, 1911 1 8,3 4 17.4
3 Glyphipterigidae Stainton, 1854 1 8,3 2 8.7
4 Chrysomelidae Latreille, 1802 1 8,3 2 8.7
5 Elateridae Leach, 1815 1 8,3 2 8.7
6 Scarabaeidae Latreille, 1802 1 8,3 2 8.7
7 Muscidae Latreille, 1802 1 8,3 2 8.7
8 Forficulidae Latreille, 1810 1 8,3 1 43
9 Aphididae Latreille, 1802 1 8,3 1 43
10 Pentatomidae Leach, 1815 1 8.3 1 43

JAMI 12 100 23 100
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Xulosa va takliflar. Xulosa o‘rnida shuni aytish mumkunki, hozirgi kunda
Xorazm vohasi piyoz agrosenozida uchrovchi zararkunandalarining 12 oila, 12 avlodga
mansub 23 ta turi piyoz o‘simligining turli vegetatsiya davirlarida zarar keltirishi
o‘rganildi. Oldin gayt gilinmagan turlarning ko‘pchilgi jumladan Melolontha avlodiga
mansub, Melolontha melolontha, Melolontha hippocastani, Melolontha furicicauda
qo‘ng‘izning 1 yoshdagi qurtlari erta bahorda piyoz ko‘chatlarida ildiz atrofida ba’zan
poyasining tuproq ostidagi qismida uchrashi aniglandi. Tadqiqotimizda bu qurtlar bevosita
piyoz a’zolari bilan oziglanmasada, piyozning zararlanishiga, kasallanishiga va boshqga
hasharotlarni zararlanishiga imkon yaratishi asoslandi. Shuningdek bunday xususiyatlar
Pentodon, Euborellia, Drosophila, Fannia, Mamestra kabi avlodlarga mansub
hasharotlarda ham kuzatilishi o‘rganildi. Olib borilgan tadqiqotlarimiz shuni ko‘rsatadiki,
piyoz bahor oyining ilk kunlarida ekilishi sabab, issiq kunlarda erta uyg‘ongan
fitofaglarning turli tabaqalari piyozning vegetative a’zolariga ta’sir ko‘rsatishi, keyin esa,
boshqa asosiy ho‘jayinlariga o‘tishi asoslandi.
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LoMV (BCMV) BILAN KASALLANGAN LOVIYA(PHASEOLUS VULGARIS L)
NAVLARI BARGIDAGI PIGMENT MIQDORINI ANIQLASH
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Annotatsiya. O‘zbekiston Respublikasi mintagasining iglim sharoitlari dukkakli don
mahsuloti, ya’ni loviya o‘simligi ekinini yetishtirish uchun juda qulay. 2023-yil hosili uchun
respublikamiz hududlarida 330,5 ming gektardan ortig maydonlarga dukkakli don ekinlari ekilgan
bo‘lib, shundan 35,8 ming gektari loviya ekini ulushiga to‘g‘ri keladi. So‘nggi yillarda
respublikamizning ko‘pgina viloyatlari gishloq xo‘jalik ekinlarini loviya mozaika virusi (BCMV)
bilan kasallanib, hosildorlikni pasaytirish bilan bir gatorda mahsulot sifatini ham yomonlashuviga
olib keldi. Loviya (Phaseolus vulgaris) o‘simligi barglarida Loviya oddiy mozaikasi virusi
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(BCMV) bilan zararlanishi natijasida yuzaga keladigan fotosintetik pigmentlar migdoridagi
o‘zgarishlar tahlil qilindi. Asosiy pigmentlar — xlorofill a, xlorofill b va Kkarotinoidlar
kontsentratsiyasi spektrofotometrik usulda aniglanib, sog‘lom namunalar bilan solishtirildi.
Tadgiqot natijalariga ko‘ra, virus infeksiyasi pigmentlar migdorini sezilarli darajada kamaytirishi
aniglanib, bu holat o‘simlikdagi fotosintez jarayonining buzilishi va umumiy fiziologik holatning
yomonlashuviga sabab bo‘lishi mumkinligi gayd etildi. Olingan ma’lumotlar LoMV virusining
o‘simlikka salbiy ta’sirini aniglash, stressga chidamli navlarni tanlash va kasallikka gqarshi
seleksiya ishlarini olib borishda muhim ahamiyatga ega. Shu bilan birga, pigment miqdori
monitoringi o‘simlik sog‘lig‘ini baholashda ishonchli biomarker sifatida go‘llanilishi mumkin.

Kalit so‘zlar: loviya oddiy mozaika virusi, pigment, transpiratsiya, fotosintez, xlorofill,
karotinoid, stress, infeksiya, LOMV

DETERMINATION OF PIGMENT CONTENT IN LEAVES OF BEAN
(PHASEOLUS VULGARIS L) VARIETIES INFECTED WITH LoMV
(BCMV)

Abstract. The climatic conditions of the regions of the Republic of Uzbekistan are highly
favorable for cultivating leguminous crops, particularly the common bean (Phaseolus vulgaris L).
In 2023, leguminous crops were sown on more than 330.5 thousand hectares across the country,
with 35.8 thousand hectares specifically allocated to bean cultivation. In recent years, many
regions have reported the spread of Bean Common Mosaic Virus (BCMV), which not only
reduces crop yield but also adversely affects the quality of the harvested product. This study
investigated the changes in photosynthetic pigment concentrations in the leaves of Phaseolus
vulgaris L plants infected with BCMV. The concentrations of key pigments chlorophyll a,
chlorophyll b, and carotenoids were determined using spectrophotometric methods and compared
with healthy plant samples. The findings revealed that viral infection significantly reduces pigment
levels, indicating disruption of the photosynthetic process and deterioration of the plant's overall
physiological state. The data obtained are valuable for identifying the negative effects of BCMV
infection on plant health, selecting stress-tolerant varieties, and supporting breeding programs
aimed at disease resistance. Furthermore, monitoring pigment concentrations may serve as a
reliable biomarker for assessing plant health under viral stress conditions.

Keywords: Bean common mosaic Vvirus, pigment, transpiration, photosynthesis,
chlorophyll, carotenoids, stress, infection, BCMV

Kirish. Loviya (Phaseolus vulgaris L.) — dunyo migyosida oziglanish uchun
muhim ogsil manbai bo‘lgan dukkakli ekinlardan biridir. FAO 2023-yil hisobotiga ko‘ra,
respublikamiz hududlarida 330,5 ming gektardan ortiqg maydonlarga dukkakli don ekinlari
ekilgan bo‘lib, shundan 35,8 ming gektari loviya ekini ulushiga to‘g‘ri keladi. Loviya
asosiy ekin sifatida 5,1 ming gektar va takroriy ekin sifatida 24,5 ming gektar
maydonlarga hamda 6,1 ming gektar bog* qator oralariga ekib yetishtiriladi. FAO 2023-yil
hisobotiga ko‘ra, loviya global yetishtirish maydonlari va hosil darajasi bo‘yicha yetakchi
o‘rinlarni egallaydi. Biroq ushbu ekinning agro-ekologik samaradorligini virusli
kasalliklar, xususan, loviya oddiy mozaikasi virusi (LoMV) keskin kamaytiradi. Jones va
Bos tadgiqotlarida LoMV barglarda xloroz, nekroz va mozaik tus hosil qilishi gayd
etilgan, bu esa pigment kontsentratsiyasiga salbiy ta’sir ko‘rsatadi. Xlorofill a va b,
shuningdek, karotinoidlar miqdori kamayganda fotosintetik faoliyat pasayib, o‘simlikning
energetik salohiyati zaiflashadi [3,5,6] Lichtenthaler esa fotosintetik pigmentlarning
miqgdori o°sishni boshgaruvchi asosiy omil ekanini ta’kidlagan.

So‘nggi yillarda virusli stressni tahlil gilishda spektrofotometrik usullar keng
go‘llanilmoqgda. Masalan: Jovliyeva D.T P. kartoshka barglaridagi xlorofill darajasini
analiz gilgan, infeksiyalangan o‘simliklardagi pigment migdorining sezilarli pasayishini
aniglagan[7]. Mhlanga va hamkasblarining tadgiqotida LoMV (BCMYV) bilan zararlanish
ogganot va shira bitlari orgali uzatilishi tahlil gilingan bo‘lsa-da, ularning ishlari virusning
fiziologik ta’siri doirasiga muhim ma’lumotlar beradi. Amezulan E. A tadgiqotlari
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pigment o‘zgarishi orgali virus bilan bog‘liq fotosintetik buzilishlarni aniglashda xlorofill
fluoresensiyasi parametrlari imkoniyatlarini kengaytirgan[2].

Bundan tashgari, genetik tadgiqotlar pigment va kasallikka chidamlilik o‘rtasidagi
bog‘liglikni tasdiglaydi. Masalan, Gvas. Y. F usulida olib borilgan izlanishlarda
Phvul.002G324100 (I geni) antitsianin sintezi va potyviruslarga nisbatan immunitetda
muhim rol o‘ynashi aniglangan[6].

Viruslar — bu hujayra ichi parazitlari hisoblanib, barcha tirik organizmlarga turli
darajada zarar keltiradi, ko‘pgina hollarda ularda kechadigan fizologik jarayonlarni, yani
mahsuldorlikning pasayishiga va o‘sib-rivojlanishining sekinlashuviga olib keladi[9,10].

Buning uchun patogen jarayonida virusning o‘smlikdagi ba’zi fiziologik
jarayonlarga, shaxsiy fotosintez jarayonini ta’minlovchi xlorofill miqgdoriga ta’sir
darajasini o‘rganish muhim masalalardan biri hisoblanadi[13,15].

Ushbu tadgiqotda LoMV bilan zararlangan va sog‘lom loviya (P.vulgaris)
namunalarining barg pigment kontsentratsiyalari (xlorofill a, xlorofill b va karotinoidlar)
spektrofotometrik usulda aniglanadi. Bu usul orgali virus infeksiyasining fotosintetik
jarayonlarga ta’siri hamda o‘simlik stressiga reaksiyasi tahlil etilib, murakkab gen-
fenotipik alogalar aniglanishi ko‘zda tutilgan.

Tadqgigot materiallari va usullar. Ushbu tadgiqotda Loviya oddiy mozaikasi
virusi (LOMV) bilan mexanik yugtirilgan Phaseolus vulgaris L. navlarida fotosintetik
pigmentlar — xlorofill a, xlorofill b va karotinoidlar migdorining o‘zgarishini baholash
magsad gilingan. Tadgiqot uchun quyidagi mahalliy va xorijiy navlar tanlab olindi: Qora
ko ‘z, Turkiya VIR, Kalipso, Oq loviya, Mahsuldor, va Ravot navlari.

Navlar Chirchiq davlat pedagogika universiteti genetika kafedrasi tajriba
maydonida vegetatsiya davri mobaynida o‘stirildi. Har bir nav uch martadan takrorlangan
holda 5 ta o‘simlikdan iborat namunalar asosida o‘rganildi. O‘simliklarga LoMV virusi
mexanik inokulyatsiya usuli orgali 2-3 ta haqiqgiy barg hosil bo‘lgan davrda yuqtirildi.
Loviya keng targalgan mozaika virusi sezgir navlarga yugtirganda, sarig va Yyashil
mozaikaning aralashib kelishi kabi kasallik alomatlarini namoyon qildi. Barglarning rangi
o‘zgarishi, odatda, burishish, gabariq, buzilish, pastga garab burishish va bargning
buralishi kabilar bilan keladi. Inokulyatsiyadan 10-14 kun o‘tib, virus alomatlari namoyon
bo‘lgach, fitoviruslarning o‘simlik bargidagi pigment migdoriga ta’sir darajasini aniglash
uchun virus bilan turli (kuchli, kuchsiz va o ‘rtacha) darajada kasallangan hamda sog‘lom
(nazorat) o‘simlik bargidan 0.05 g dan olib, probirkalarga solinadi, uning ustiga 5 ml
96%-1i etil spirti solinib, 15 dagiga davomida tindirildi. Hosil bo‘lgan suyuqglik
spektrofotometr (Agilent Cary 60 UV-Vis, Ger.) qurilmasi yordamida o‘rganib chiqildi.
Bunda har bir pigmentning nur yutish ko‘rsatkichi e’tiborga olindi, jumladan: xlorofill “a”
— 664 nm, xlorofill “b” — 649 nm, karotinoidlar esa 470 nm to‘lgin uzunligida o‘Ichandi va
uch gaytarishda o‘Ichandi hamda natijalar yozib olindi va grafik ko‘rinishi yaratildi(rasm).
O‘simlik barg namunasi tarkibidagi pigment miqdori N.K. Lichtentaller metodikasi

yordamida aniglandi[8]. Tenglama quyida keltirilgan:

Chl-a (mg/l)=13,36*A664—5,19* Asa9

Chl-b (mg/I)=27,43* A649-8,12* Asss

C x+c= (1000 As70-2,13C4-97,63 Cr,)/209
F(mg/gr)=(V*C)/P
Formuladagi: F-o‘simlik bargi tarkibidagi pigment migdori (mg/gr); V-suyuglik hajmi (ml); C-
pigment konsentratsiyasi (mg/l); P-o‘simlik to‘gimasi og‘irligi.
Tadgiqot natijalari va ularning muhokamasi. O‘tkazilgan tadgiqotlar Loviya
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oddiy mozaikasi virusi (LOMV) bilan zararlanishning loviya o‘simligining pigment
tizimiga salbiy ta’sir ko‘rsatishini aniq ifodalab berdi. Har xil navlarga mansub loviya
namunalarida xlorofill a, xlorofill b va karotinoidlar migdorining kamayish dinamikasi
kasallikning kuchayish darajasiga mutanosib tarzda o‘zgarib bordi. Bu esa o‘simlik
barglaridagi fotosintetik faoliyatning virus ta’sirida jiddiy susayishini ko‘rsatadi.
Fotosintetik  pigmentlar  darajasining  kamayishi  o‘simlik  hujayralarida
plastidlarning degradatsiyasi, tilakoid membranalarning parchalanishi va fotooksidlovchi
stress kuchayishi bilan bog‘lig bo‘lib, bu holatlar ilgari ham bir gator o‘simlik viruslari
ta’sirida qayd etilgan. Ushbu holat LOMYV virusi bilan zararlangan loviya navlarida ham
yuzaga kelgani, aynigsa, pigmentlar parchalanishining kasallik darajasiga bevosita bog‘liq
m Nazorat m Kuchsiz k=sh m O'rta k-sh m Kuchli k-sh

ekanini ko‘rsatadi.
1-rasm. LoMV bilan kasallantirilgan loviya navlaridagi

g
=
QO O'Z VIR NAVI KALIPSO OQ LOVIYA MAHSULDOR RAVOT
xlorofill (a) migdori.

Oc‘rganilgan barcha loviya navlarida Loviya oddiy mozaikasi virusi (LOMYV) bilan
zararlanish xlorofill a pigmenti miqdorining sezilarli darajada kamayishiga olib keldi.
Tahlillar shuni ko‘rsatdiki, kasallanish darajasining ortishi bilan pigment miqdori
pasayishi bilan namoyon bo‘ldi. 1-rasmdagi diagrammaga asosan har bir nav bo‘yicha
olingan xlorofill a migdorlari dinamikasi natijalari quyidagicha izohlanadi.

Qora ko z navida nazorat namunada xlorofill a migdori 11.05 mg/g bo‘lgan bo‘lsa,
kuchsiz kasallangan o‘simliklarda bu miqgdor 9.08 mg/g gacha tushgan. O‘rta darajada
kasallangan namunalarda bu ko‘rsatkich 7.96 mg/g, kuchli kasallanganda esa atigi 2.31
mg/g ni tashkil etdi. Bu navda kuchli kasallanish natijasida xlorofill a pigmenti deyarli
79.1% ga kamaydi.

Turkiya VIR navida ham shunga o‘xshash holat kuzatildi: nazoratda 11.08 mg/g
bo‘lgan pigment miqdori kuchli kasallik holatida 5.08 mg/g gacha tushdi. Bu 54.1%
kamayish kuzatilgan.

Kalipso navida nazoratdagi xlorofill a miqdori 11.25 mg/g bo‘lib, kuchli
zararlanganda 5.96 mg/g ni tashkil etdi. Bu esa 47% atrofidagi kamayishni anglatadi.

Oq loviya navida esa pigment miqdori nazoratda 11.53 mg/g bo‘lgan bo‘lsa, kuchli
zararlanishda bu ko‘rsatkich 4.09 mg/g gacha kamaydi, bu esa 64.5% ga pasayish
kuzatildi.

Mahsuldor navida ham LOMYV ta’siri aniq sezildi: nazoratda 11.45 mg/g, kuchli
kasallikda esa 5.37 mg/g bo‘ldi (kamayish 53.1%).

Ravot navida nazoratdagi pigment miqgdori 11.09 mg/g bo‘lib, kuchli kasallik
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holatida 5.6 mg/g ga tushdi (50% dan ortiq kamayish).

Ushbu natijalar shuni ko‘rsatadiki, LOMV virusi loviya o‘simligining xlorofill a
sinteziga salbiy ta’sir ko‘rsatib, fotosintez jarayonining sezilarli darajada susayishiga olib
keladi. Aynigsa, Qora ko‘z navida pigment miqdorining eng keskin kamayishi kuzatildi,
bu navni virusga nishatan kamroq chidamli deb baholash mumkin. Aksincha, Kalipso va
Ravot navlarida pigment miqgdori nisbatan yugori saglanib qolganligi, ularning LOMV
ta’siriga nisbatan biroz bardoshliligi haqida fikr yuritishga asos beradi.

m Nazorat Kuchsiz k Y rta m Kuchli k-sh

10,89
10,45 10,67
10,13 10,09 10,11

Oq lo

2-rasm. LoMV bilan kasallantirilgan loviya navlaridagi
xlorofill (b) migdori.

2-rasmda keltirigan ragamlarga asosan tadgiqot natijalari shuni ko‘rsatdiki, Loviya
oddiy mozaikasi virusi (LOMV) bilan zararlangandan so‘ng barcha o‘rganilgan navlarda
xlorofill b migdori kamaydi. Virus ta’siri o‘simlikdagi plastid tizimining izdan chigishiga
olib kelib, barg to‘gimalarida fotosintetik pigmentlar sintezining susayishiga sabab
bo‘lgan.

Qora ko z navida virus zarari pigment tizimiga eng kuchli ta’sir ko‘rsatgan.
Nazorat namunalarida xlorofill b pigmenti miqdori 10.13 mg/g ni tashkil etgan bo‘lsa,
kuchsiz darajadagi zararlanishda bu ko‘rsatkich 7.30 mg/g gacha kamaydi, ya’ni 27.9% ga
gisgardi. O‘rta darajada kasallanganda esa pigment miqdori 5.75 mg/g bo‘lib, bu holatda
43.2% ga pasayish gayd etildi. Kuchli zararlanishda esa xlorofill b migdori atigi 2.02 mg/g
ni tashkil etib, 80.1% gacha kamaydi. Bu holat ushbu navning LOMV virusiga nisbatan
juda zaif ekanligidan dalolat beradi.

Turkiya VIR navida xlorofill b pigmentining kamayish tendensiyasi ancha izchil
ko‘rinishda bo‘ldi. Nazoratda 10.45 mg/g bo‘lgan pigment miqdori, kuchsiz kasallangan
barglarda 8.40 mg/g ni tashkil etdi (19.6% kamayish). O‘rta kasallik darajasida 6.09 mg/g
(41.7% kamayish) va kuchli zararlanishda 4.21 mg/g (59.7% kamayish) darajasigacha
pasaygani aniglandi. Bu nav virusga o‘rtacha darajada sezuvchan hisoblanadi.

Kalipso navida pigmentlar kamayishi nisbatan sekin bo‘ldi. Nazorat namunalarida
10.09 mg/g bo‘lgan xlorofill b miqgdori, kuchsiz zararlanishda 8.88 mg/g (11.9%
kamayish), o‘rta zararlanishda 6.84 mg/g (32.2% kamayish), va kuchli kasallik holatida
esa 5.86 mg/g (41.9% kamayish) darajasida saglanib qoldi. Bu holat Kalipso navining
LOMV virusiga nisbatan chidamli ekanligini ko‘rsatadi.

Oq loviya navida xlorofill b pigmentining kamayishi bosgichma-bosgich sodir
boldi. Nazoratdagi ko‘rsatkich 10.11 mg/g bo‘lsa, kuchsiz zararlanishda 7.53 mg/g
(25.5% kamayish), o‘rtacha zararlanishda 6.26 mg/g (38.1% kamayish) va kuchli
zararlanishda esa 4.90 mg/g (51.6% kamayish) bo‘ldi. Bu nav o‘rtacha sezuvchanlikka ega
bo‘lib, kuchli kasallanishda sezilarli pigment yo‘qotishi yuz berdi.

Mahsuldor navida ham pigmentlar miqdori keskin kamaygan. Nazoratda 10.89
mg/g bo‘lgan xlorofill b pigmenti, kuchsiz zararlanishda 8.21 mg/g (24.6% kamayish),
o‘rta darajada 6.19 mg/g (43.1% kamayish) va kuchli zararlanishda 5.71 mg/g (47.5%

e
143




QarDU xabarlari BIOLOGIYA 2025 3(2)

kamayish) gacha tushdi. Bu navda pigment sintezi virus ta’sirida ancha susaygan bo‘lib,
o‘rtacha sezuvchanlikka ega ekani aniglandi.

Ravot navida xlorofill b pigmenti nisbatan yaxshi saglanib qolgan. Nazorat
namunalarida bu pigment miqgdori 10.67 mg/g bo‘lgan. Kuchsiz kasallangan barglarda u
8.17 mg/g (23.4% kamayish), o‘rtacha darajada 6.34 mg/g (40.6% kamayish) va kuchli
kasallikda 5.40 mg/g (49.4% kamayish) bo‘lib, boshga navlarga nisbatan barqgarorlik
saglangan.

Fotosintetik pigmentlarning kamayishi o‘simliklarda metabolik stress holatining
kuchayishi, hosildorlikning pasayishi va fiziologik faoliyatning buzilishi bilan bog‘liq
bo‘lib, olingan natijalar loviya navlarining LOMV virusiga chidamlilik darajasini
baholashda muhim mezon bo‘lib xizmat giladi[12,14].

Xulosa. Tahlil natijalariga ko‘ra, LOMV virusi barcha navlarda xlorofill b
pigmenti sinteziga salbiy ta’sir ko‘rsatdi. Qora ko‘z navida pigmentning 80% dan ortiq
kamaygani ushbu navning virusga eng zaif ekanini ko‘rsatadi. Aksincha, Kalipso va Ravot
navlari pigment migdorini nisbatan yaxshi saglab golgan bo‘lib, virusga nisbatan chidamli
ekani gayd etildi. Bu o‘zgarishlar fotosintetik faoliyatga bevosita ta’sir ko‘rsatib,
o‘simlikning o‘sishi va mahsuldorligini pasaytiradi.

Shu sababli, pigmentlar miqdoridagi bunday o‘zgarishlar seleksiya ishlari uchun
fiziologik marker sifatida katta amaliy ahamiyatga ega bo‘lib, virusga chidamli navlarni
saralashda qo‘llanilishi mumkin.Bu jarayonning asosiy mexanizmi, virus o‘simlik
hujayrasiga kirgandan so‘ng, o‘zining gismlarini ishlab chigara boshlaydi. Bu virus RNK
tutuvchi virus hisoblanib, uning o‘z-o‘zini sintezlashi teskari transkriptaza fermentining
faoliyatiga bog‘liqdir. Bu fermentning tarkibi uchun esa Mg elementi zarur bo‘lib, bu
element xlorofillning markaziy elementi bo‘ladi. Xlorofilldan bu elementning bo‘lishi
pigmentning yemirilishiga sabab bo‘ladi. Natijada barg rangning sarg‘ayishi va och
xususiyatlari kabi ko‘rinishga olib keladi.

Bu jarayonni chuqurroq o‘rganish uchun yanada kengrog ko‘lamda ilmiy ishlar
olib borilishini talab giladi. Bu o°z navbatiada virus konsentratsiyasini boshqgarish va unga
garshi kurashni ishlab chigishda yordam beradi.
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Annotatsiya. Magqolada Katta va Kichik O‘radaryolar havzasi florasida tarqalgan
fanerofitlarning tadqiqotlar olib borgan olimlarni O‘zbekiston Milliy gerbariysi (TASH) fondida
saglanayotgan va dala tadgiqotlarimizda terilgan gerbariy namunalari asosida tahlili keltirilgan.
Shuningdek, gerbariyning qo‘llanilishi va o‘simliklarning biologik xilma-xilligini saglashdagi
ahamiyati gisgacha tavsiflab berilgan. Tadgigot natijasida xudud florasining fanerofitlari uchun ilk
marotaba shakllantirilgan ro‘yxatga muvofiq 25 oila 43 turkumga mansub 111 turning 890 ta
gerbariy namunasini o‘z ichiga oladi. Mazku turlarning 29 turi daraxt va 82 turi buta hayotiy
shakliga ega.

Bulardan, “Ozbekiston Respublikasi Qizil kitobi” (2019) asosida shakllantirilgan
ro’yxatga muvofig, 2 oila 3 turkum 3 tur mavjud bo’lib, Xalgaro “Qizil kitob”ga esa 2 oila 4
turkum 4 turni tashkil etdi. Endem fanerofitlarining tahlilini gilganimzda esa 2 oila 2 turkum 2 turi
borligi ma’lum bo’ldi.

Kalit so‘zlar: Katta va Kichik O’radaryo, hudud, havza, flora, hayotiy shakl, fanerofit,
Qizil kitob, endem, oila, turkum, tur, gerbariy namuna.

PHANEROPHYTES OF THE GREAT AND SMALL ORADARIA BASINS

Abstract. The article presents an analysis of the phanerophytes distributed in the flora of
the Katta and Kichik O’radarya basins based on the herbarium specimens collected during our
field research and stored in the National Herbarium of Uzbekistan (TASH) fund. The use of
herbariums and their importance in preserving plant biodiversity are also briefly described. As a
result of the study, the first list of phanerophytes of the region's flora includes 890 herbarium
specimens of 111 species belonging to 25 families and 43 genera. 29 species of these species have
a tree and 82 species have a shrub life form.

Of these, according to the list formed on the basis of the "Red Book of the Republic of
Uzbekistan™ (2019), there are 2 families, 3 genera, 3 species, and 2 families, 4 genera, 4 species,
according to the International "Red Book". When we analyzed endemic phanerophytes, it turned
out that there are 2 families, 2 orders, and 2 species.

Keywords: Great and Small O’radarya, territory, basin, flora, life form, phanerophyte,
Red Book, endemic, family, order, species, herbarium specimen.
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Kirish. Dunyoda antropogen omillarning tabiiy ekotizimlarga bo‘lgan ta’sir
ko‘lamining keskin oshishi biologik xilma-xillikning gisgarishi va uning ingirozini keltirib
chigarmoqda. Salbiy ta’sirlarga moyil bo‘lgan flora obyektlarini muhofazalashning
samarador yechimlarini ishlab chigishda ular to‘g‘risidagi zamonaviy axborotlarni
shakllantirish muhim sanaladi. Shunga ko‘ra, milliy floralar tarkibini inventarizatsiyalash,
endem va kamayib borayotgan turlarning zamonaviy holatini baholash va ularni saglab
qolish bo‘yicha chora-tadbirlar ishlab chigish ilmiy-amaliy ahamiyatga ega.

Katta va Kichik O’radaryo havzasi o‘zining noyob florasi bilan G‘arbiy Hisor
okrugida muhim o‘rin tutadi. Havzada respublikamiz florasi uchun aniqlangan endem va
O’zbekiston “Qizil kitobi” (2019) ga kiritilgan turlarni mavjudligi mazkur havza florasini
yetarli darajada o‘rganilmaganligini ko‘rsatdi.

O‘zbekistonning botanik-geografik rayonlashtirish sxemasiga ko‘ra Katta va
Kichik O’radaryo havzasi Qashqgadaryo botanik-geografik rayoni tarkibidagi Qashgadaryo
havzasida joylashgan. [1; 1105-1132-5],

Katta va Kichik O‘radaryo hududida Janubi-G‘arbiy Hisor ushun xos bo‘lgan ola
jinsli tuproqlar tarqalgan bo‘lib, hududning katta qismini egallaydi. Ma’lumotlarga ko‘ra
Qashqgadaryo havzasida yuksak o‘simliklarni 1184 turi tarqalgan. [2; 31-b.]. Tadgiqot
hududi dengiz sathidan 654-2875 m. balandlik chegaralarini o‘z ichiga olib, maydoni
17,265 km? ga teng. Uning maydoni sharqdan-g‘arbga 63,32 km. shimoldan-janubga
tomon 52,63 km. ga sho‘zilgan. Eng past nuqtasi Dehqonobod tumanining Bozortepa
qishlog’t (dengiz sathidan 654 m.) ga to’gri kelsa, eng baland nuqtasi esa Qamashi
tumanining Qiziltom qishlog’i va Maydanak observatoriyasi, Xon-taxti hududi (dengiz
sathidan 2875 m.) ni gamrab oladi.

Katta O‘radaryo G‘uzordaryoning o‘ng irmog‘l, Hisor tizmasining g‘arbiy
gismidagi Harkush dovonidan (3448 m.) boshlanadi. Uzunligi 113 km, havzasi 1410 km?2,
Kichik O‘radaryo G‘uzordaryoning chap irmog‘i hisoblanadi. Hisor tizmasining g‘arbiy
gismidagi O‘lmas tog‘idan (2500-2700 m.) boshlanadi. Uzunligi 93 km, havzasining
maydoni 1588 m? [3; 47-247-b.]. (1-rasm)

Katta va Kichik O’radaryolar suv resurslaridan samarali foydalanish maqsadida
ularning oqimida o‘tgan asrning 80-yillarida Pachkamar suv omborini barpo etilishi ushbu
daryolar suvini G‘uzordaryoga quyilishini chekladi. Bu esa G*uzordaryo havzasi florasiga
o‘zining salbiy ta’sirini ko‘rsatdi. [4; 167].
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1-rasm. Tadgigot hududi.
Adabiyotlar tahlili va metodologiyasi. Kamyoblilik darajalari, endem turlar
haqidagi ma’lumotlar O’zbekiston Respublikasi “Qizil kitobi” (2019) nashri bo’yicha
olindi. [5; 329].

146



QarDU xabarlari BIOLOGIYA 2025 3(2)

Madgolada keltirilgan materiallar tadgigot hududi va unga yondosh hududlarda olib
borilgan tadgiqotlar natijalari, bajarilgan dissertatsiyalar hamda ilmiy maqolalarga tayanib
olindi. Shu bilan birga 11 jildli “Onpenenutens pactenuit Cpenneit Azuun.” [6], 6 jildli
“@nopa Y36ekucrtana” [7] hamda 30 jildlidan iborat “®mopa CCCP” [8] materiallaridan
foydalanib yozildi. Mazkur maqola O°zbekiston Milliy gerbariysi (TASH) fondida
saglananib kelayotgan gerbariy va dala tadgigotlarimizda terilgan gerbariy namunalariga
asoslanib tayyorlandi.

Tadgiqot hududi florasi konspektini shakllantirishda va ularning tahlillarini amalga
oshirishda, qariyib 130 yil davomida kollektorlar tomonidan yig’ilgan turlarning gerbariy
namunalari tahlil qgilindi (1-jadval). Milliy gerbariy fondida saglanib kelayotgan gerbariy
materiallari tahlili shuni ko‘rsatdiki, O‘tgan vaqt mobaynida Katta va Kichik O‘radaryolar
havzasida bir gancha botanik tadgiqotlar olib borilgan.

O‘zbekiston Milliy gerbariy ma’lumotlariga asoslanib, shuni aytish mumkinki,
hudud bo‘yicha dastlab V.I. Lipskiy (1897) va so‘nggi O.T.Turginov (2022) lar tomonidan
tadqiqotlar olib borilgan. To‘plangan ma’lumotlarga ko‘ra gerbariy namunalarini ulushi
A Pyatayeva (1942-1980) 201 tur 495 ta namuna, E.Korotkova (1935-1972) 85 tur 143
namuna, A.Arnold (1942) 85 tur 114 namuna, S.N.Kudryashev (1935-941) 53 tur 67
namuna, M.G.Popov (1914-1916) 49 tur 62 namuna, A. Gnezdillo (1935) 42 tur 61
namuna, A. Li, B. Niyazov (1950-1959) 39 tur 62 namuna, N.Koshurnikova (1941-1956)
37 tur 43 namuna, O.Turginov (2011-2022) tomonidan terilgan 28 turga mansub 42 ta

2-rasm. G‘arbiy Hisor botanik-geografik chegarasi (Vasilchenko I.T., Vasilyeva L.1.1985) [10].
Natija va muhokama. Katta va Kichik O’radaryo havzasi fanerofitlari bo‘yicha
to‘plangan ma’lumotlar (1897-2022) va hozirda olib borayotgan tadgigotlarimiz davomida
terilgan gerbariy namunalari mazkur hududdan fanerofitlarning 100 dan ortiq turining 900
ga yaqin namunasi yig‘ilganligini ko‘rsatdi (1-jadval).

1-jadval
Tadgigot hududidan terilgan fanerofitlarning kollektorlar bo’yicha tahlili :

Ne Kollektor Yillar Tursoni | Gerbariy soni

1 | M.Popov 1912-1916 4 5

2 | A.Butkov 1933-1937 5 12

3 | A.Granitov 1935 13 18

4 | V.Bochansev, A.Butkov 1936 8 13

5 | N.Koshurnikov 1941 8 13

6 | A.Arnoldi 1942 5 6

7 | E.Korotkova 1947-1959 7 15

8 | A.Pyatayeva 1954-1956 28 74

9 | O.Omonov 2022-2025 72 608
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Milliy va Xalgaro gerbariy fondlarida saglanayotgan gerbariy namunalari bo’yicha
turlarning keltirilgan ro‘yxatida Katta va Kichik O‘radaryo havzacu uchun 256 turkum 55
oilaga mansub 606 turni o‘z ichiga oladi. ushbu hududdan aniglangan barcha o‘simlik
turlari ro‘yxatga kiritilgan. Bunda har bir o‘simlik turi uchun kamida bitta yorliq
namunasidagi qabul qilingan nomlar (IPNI bo‘yicha) va gerbariy raqamlari kiritilgan.
Polimorf oilalar yetakchi uchligi Asteraceae (78), Fabaceae (73), Apiaceae (58) oilalariga
to’g’ri keladi. Keyingi o‘rinlarda Poaceae (50), Lamiaceae (38), Boraginaceae (35),
Liliaceae (19), Plantaginaceae (17), Amaryllidaceae (16), Brassicaceae (16),
Ranunculaceae (16), Caprifoliaceae (15) egallaydi [11; 185-195].

Katta va Kichik O‘radaryolar havzasi florasidan fanerofitlarning 25 oila, 43
turkumga mansub 111 turning 890 ta gerbariy namunasi mavjud bo‘lib, bu esa hozirga
qadar umumiy floraning 7,94 %ni tashkil etadi. Fanerofit turlarning oilalar bo‘yicha
turkum va turlarning soni 2-jadvalda keltirilgan.

2-jadval
Oilalardagi fanerofit turkum va turlar soni
Ne | Oila Tur- | %da | Tu Ne | Oila Tur- | %da | Tu | %da
kum r | %da kum r

1 Rosaceae 7 16,28 | 30 | 27,02 14 | Berberidaceae 1 2,32 2 1,8

2 | Fabaceae 7 16,28 | 19 | 17,11 15 | Cannabaceae 1 2,32 2 |18

3 | Tamaricaceae 2 4,65 11 | 10 16 | Ulmaceae 1 2,32 2 1,8

4 | Salicaceae 2 4,65 5 | 445 17 | Cornaceae 1 2,32 1 109

5 Ephedraceae 1 2,32 5 4,45 18 | Santalaceae 1 2,32 1 0,9

6 | Rhamnaceae 3 6,98 4 |36 19 | Ranunculaceae 1 2,32 1 109

7 | Polygonaceae 1 2,32 4 3,6 20 | Betulaceae 1 2,32 1 0,9

8 | Sapindaceae 1 2,32 4 |36 21 | Vitaceae 1 2,32 1 109

9 | Oleaceae 2 4,65 3 2,7 22 | Zygophyllaceae 1 2,32 1 0,9
10 | Caprifoliaceae 1 2,32 3 |27 23 | Grossulariaceae 1 2,32 1 109
11 | Cupressaceae 1 2,32 3 2,7 24 Amaranthaceae 1 2,32 1 0,9
12 | Solanaceae 1 2,32 3 |27 25 | Anacardiaceae 1 2,32 1 109
13 | Elaeagnaceae 2 4,65 2 1,8 Kamu: 43 100 | 111 | 100

Fanerofit turkum va turlarining oilalar bo‘yicha keltirilgan tahliliga ko‘ra,
Rosaceae oilasi 7 turkum (16,28%), 30 tur (27,02%), Fabaceae 7 turkum (16,28%), 19 tur
(17,11%) va Tamaricaceae oilalari 2 turkum (4,65%), 11 tur (10%) bilan yetakchilik
qilayotgan bo’lsa, Cornaceae, Santalaceae, Ranunculaceae, Betulaceae, Vitaceae,
Zygophyllaceae, Grossulariaceae, Amaranthaceae va Anacardiaceae oilalarini esa 1
turkum (2,32%), 1 tur (0,9%) bilan quyi pog’onada ko’rishimiz mumkin.

Tadqiqot hududining bir gismi bo‘lgan Xontaxti tog‘ tizmasi dendroflorasini
o‘rganish bo‘yicha olib borgan tadqiqotlarimiz natijasida mazkur hududda 19 oila 29
turkumga mansub 66 turdan iboratligini, ularning 26 tasi daraxt, 40 tasi buta hayotiy
shakliga mansubligini qayd qilgan edik. Unga ko‘ra Rosaceae oilasiga mansub turlar 23
tani tashkil etib, umumiy dendrofloraning 35 % ni tashkil etadi. Keyingi o‘rinlarda
Ephedraceac Dumort, Caprifoliaceae va Salicaceae oilalarida 4 tadan tur bo‘lsa,
Cannabaceae, Vitaceae va Betulaceae oilalarida esa 1 tadan tur mavjudligi gayd gilingan.
Unga ko‘ra Qashqadaryo botanik-geografik rayoni janubi-g‘arbiy qismi dendroflorasi tur
tarkibi, targalishi, yashash muhiti tahlil gilinganda, mazkur hududda janubi-g‘arbiy Hisor
florasiga xos bo‘lgan turlarni shakllanishi va tarqalishi hamda dendroflorani saqlanib
qolishi uchun qulay sharoit mavjudligini ko‘rsatgan [12; 15-17.].

O’zbekiston Respublikasi “Qizil kitobi” (2019) ga kiritilgan fanerofit turlarni tahlil
qilganimizda Katta va Kichik O’radaryo havzalasi florasiga mansub 2 oila 3 turkum 3 tur
mavjud bo’lib, fanerofitlarning 2,7%, Xalqaro “Qizil kitob”ga esa 2 oila 4 turkum 4 tur
ya’ni fanerofitlarning 3,6% ni tashkil etishi qayd qilindi (3-jadval).
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3-jadval.
Hudud florasi fanerofitlarining kamyoblilik darajalari bo’yicha tahlili
Ne Oila Turkum Tur Magomi Hayotiy
shakli
“O’zbekiston Respublikasi Qizil kitobi” (2019)
1. | Fabaceae Chesneya Chesneya tribuloides 3 Buta
Fabaceae Eversmannia | Eversmannia botschantzevii 2 Buta
3. | Rhamnaceae | Zizyphus Ziziphus jujuba 2 Buta
Xalgaro Qizil kitob (IUCN)
4. | Betulaceae Betula Betula tianschanica IUCN Red List EN | Daraxt
A2ac B2ah(ii,iii
5. | Rosaceae Pyrus Pyrus korshinskyi IUCN Red List CR | Daraxt
B2ab(iii,v)
6. | Rosaceae Malus Malus domestica IUCN Red List VU | Daraxt
(=M.sieversii) A2cde
7. | Rosaceae Prunus Prunus bucharica IUCN Red List VU | Daraxt
(=Amygdalus bucharica) B2ab(iii,v)

O’radaryo havzalari florasi endem fanerofitlarini tahlilini qilganimzda 2 oila 2
turkum 2 turi borligi ma’lum bo’ldi, bu esa xudud florasidagi mavjud 52 tur endemning
3,8%ni, umumiy floradagi ulushi juda kam (0,15%) ekanligini ko’rsatdi.

4-jadval
Katta va Kichik O’radaryolar havzasi endem fanerofitlari tahlili
Ne Oila Turkum Tur Hayotiy
shakli
1. Amaranthaceae Hammada Hammada eriantha Buta
2. Rosaceae Rosa Rosa sumneviczii Buta

B.Baysunov (2024) ma’lumotlarida Janubiy O‘zbekiston hududi uchun dendroflora
tarkibidagi endemlarning dastlabki ro‘yxati (39 tur) keltirilgan bo‘lib ularning aksariyati
xamefitlar ulushiga to‘g‘ri kelishi qayd qilingan [13; 46-b.].

Quyida Katta va Kichik O’radaryo havzasi florasida tarqalgan Qashqadaryo
endemi haqida ma’lumotlarni keltirib o’tamiz.

Rosa sumneviczii Korotkova. (Rosaceae) Katta O’radaryo endemi.

Dastlabki gerbariy namunasi terilgan joyi. 3anamueiii I[Tamupo-Aunaii. Otporu
3epaBmanckoro xpedta. Bepxopesa p. Karra-Ypy-Zlapes, B 12 kM 10ro-BOCTOYHEE OT K.
Ax-Kuninak, MeIK03eMHCThIE CKJIOHBI yIIenbsi. ECTh MATHa BBIXOJIOB IECTPOIBETHBIX
mopoJ, Beicota 1900 m. 14.08.1937, I'panutos, Jlonrux (508) (67,086319 38,672239;
h=1900).

Yangi o’sish joylari. Dala tadqiqotlari davomida Katta O’radaryo havzasida yangi
o‘sish joylari aniqlandi (Qamashi tumani Qo'shko'l gishlog'idan 3-4 km. shimoli-shargda
(N 38,655149 E 67,040456). 08.06.2024, h=2074 m., Dehgonobod tumani Ox KHIUIOK,
Shaxshar-soy, Qaynarbulog hududi (N 38,64371, E 67,108879) 09.06.2024, h=1659 m.)
dan gerbariy namunalari terildi va TASH fondiga topshirildi [4; 167.].
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. Rosa sumneviczii (Korotkova E. Katra-Ypa-/lapbsa k. Ak-Kumiak (chapda)), Qamashi
tumani Qo’shko’l gishlog’i, Gavaz-ota (o’ngda)) [4; 170-b.].
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Xulosa. Katta va Kichik O’radaryo havzalari florasi fanerofitlari 25 oila 43 turkumga
mansub 111 ta turni tashkil etadi. Ulardan 29 turi daraxt va 82 turi buta hayotiy shakliga
ega. Shundan “Ozbekiston Respublikasi Qizil kitobi” (2019) ga 2 oila 3 turkum mansub 3
tur kiritilgan. Bu tadqiqot hududi fanerofitlarning 2,7%ini tashkil qiladi. Xalgaro “Qizil
kitob”ga esa 2 oila 4 turkumga mansub 4 ta tur kiritilgan bo‘lib, bu hududdagi barcha
fanerofitlarning 3,6%ini tashkil giladi. O‘rganilgan fanerofitlar ichida 2 oila 2 turkumga
mansub 2 ta endem tur mavjud bo‘lib, bu esa hudud florasidagi mavjud 52 tur endemning
[4; 166-173-b.] 3,8% ni tashkil etadi.
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CTPYKTYPHBIE IIOKA3ATEJIM KOXYPbI 3PEJIBIX CEMAH
HEKOTOPBIX BUJIOB 1 BHYTPUBUIOBBIX PASHOOBPA3HUI
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AHHOTAamMs. B  maHHOW cTaThe  paccMaTpUBAIOTCA  MPOOJEMBI  HCCIICIOBAHUS
MHTPOAYIIMPOBAHHOTO XJIOMMUATHHKA B Y30ekuctane. OHOM U3 HUX SIBIIICTCSI KOPPENALUS MEKIY
CTPYKTYPHBIMH TIOKa3aTeIIIMUA KOXKYPBI 3pEJIOr0 CEMEHH M 00pa30oBaHHEM IOPOKA «KOXKHIIA C
BOJIOKHOM», TO €CTh 3aCOpEHHOrO BOJOKHA. IIpoBenéHHBIE aHATOMHYECKHE UCCICIOBAHUS
MO3BOJIMJIM BBISBUTH PAa3liMiMs B CTPYKTYPHBIX XapaKTEPUCTHKAX, OKAa3bIBAIOIIUX BJIHMSHUE Ha
MoKa3aTellb 3aCOPEHHOCTH XJIOMKa-chipra. Cpenn WM3y4YeHHBIX 7 TpEICTaBUTENEeH 5 HMET
KaMEHHCTYI0 KOXypy 3peioro ceMmenw, 3a wuckmouennem G. barbadense ssp. vitifolium f.
brasilense u G. barbadense ssp. ruderale f. pisco. ¥V Bcex uccre0BaHHBIX 00Opa3IOB TOJIIWHA
KOXYpHI B XaJa3aJbHOM 9acTu He mpesbiaeT 600 MKM, a pa3HUIIA TONIIMHBI KOKYPHI B CpelHEHN 1
xanazalipHOM wyacTsax He mpeBblmaeT 400 mxM. CrnemoBarenbHO, Yy OSTHUX IpeAcTaBUTENEH
BEPOSITHOCTD TMOSIBJICHUS MIOPOKA «KOKUIIA C BOJIOKHOMY SIBJISICTCS HU3KOM.

Karouesbie ciioBa. GOSSYpium, BO3yXOHOCHAS TTOJIOCTh, KOXKYpPa CEMEHH, KAMEHHCTOCTD,
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SMUACPMA, MAPpCHXNUMA, HHTCTYMCHT.

Annotatsiya. Ushbu maqolada O°‘zbekistonda introduksiyalangan paxtani o‘rganish
muammolari ochib berilgan bo‘lib, ulardan biri etuk chigit po‘stlog‘ining strukturaviy
ko‘rsatkichlarining o‘zaro bog‘ligligi va “po‘stlog‘ining tola bilan” nugsoni, ya’ni ifloslangan tola
hosil bo‘lishidir. Anatomik tadgigot o‘tkazildi, natijada paxta Xxomashyosining ifloslanish
darajasiga ta’sir giluvchi tarkibiy ko‘rsatkichlardagi farglar aniglandi. 7 ta o‘rganilgan vakillar
orasida 5 tasi etuk urug‘ning toshli qobig‘iga ega, G. barbadense ssp bundan mustasno. vitifolim f.
brasilense va G. barbadense ssp. ruderale f. pisco. Barcha o‘rganilgan vakillar orasida chalazal
gismida po‘stlog‘ining galinligi 600 mkm dan oshmaydi va o‘rta va chalazal gismlarida
po‘stlog‘ining galinligi fargi 400 mkm dan oshmaydi, shuning uchun bu vakillarda "tolali teri"
nugsonining paydo bo‘lish ehtimoli past.

Kalit so‘zlar. Gossypium, havo saqlovchi bo‘shlig‘i, urug‘ kobig‘i, toshsimonlik,
epiderma, parenxima, integument.

AKTyanbHOCTb. CeMeHHasi KO)Kypa LIBETKOBBIX PACTCHUH Ha MPOTSHKEHUU OoJiee cTa
JIET TPUBJICKAeT BHUMaHWE OOTAaHMKOB pa3jIMYHBIX HAmpaBiIeHU U TpoduUieH, SBISACH
00BEKTOM KaK MPUKIIAJHBIX, TaK U PyHIaMEHTaIbHBIX HCCIIe0OBaHUN. B Hay4HOM uTepaType
HAKOIUIEHO 3HAYUTEJIbHOE 4YMCIO paboT OTEYeCTBEHHBIX M 3apyOeXHBIX aBTOPOB,
MOCBSIIEHHBIX U3YUYEHHUIO CTPYKTYPhl CEMEHHOM KOXKYPBI y Pa3IMYHbIX BUI0B PACTEHUM.

Ananu3 nuTepaTypbl IOKa3all, YTO Y LIBETKOBBIX PAacCTEHHMH OHAa pPa3BUBAETCS U3
WHTETYMEHTOB CEMS3a4aTKOB M TOJBEPraeTcsl pa3jiMYHbIM CTPYKTYPHBIM HM3MEHEHUSAM, B
3aBUCHUMOCTH OT TaKCOHOMHMYECKOTO IIOJIOKEHUS M SKOJormueckux ycmosuit [1, 2, 3].
ITpu3Haku MOP(OIOrHYECKOTO U aHATOMUYECKOTO CTPOEHUSI CEMEHHON KOXYpPBI 10CTaTOYHO
IIMPOKO HCHOJB3YIOTCSI YYEHBIMM B KAaueCTBE TAKCOHOMMYECKUX M TPUBIEKAIOTCSA IS
pElIeHUs] CIIOPHBIX BOIMPOCOB CHUCTEMATHKH W (unoreHuH. VIMEHHO 3TH NpHU3HAKU HUMEIOT
MHOIZIa pelIalollee 3HaueHHe, Ha OCHOBAHUM KOTOPBIX BHUJBI OTHOCAT K OINpPEIeICHHBIM
Tpubam, ceMeiicTBaM U pojaM. MHTepec oTedecTBEHHBIX M 3apyOeXHbIX HCClleoBaTeNel K
aHAaTOMMHU 3peJIbIX CEMsH He ociabeBaeT U B nocienHue pecsatuinetus. Mmeercs pan pabor,
MOCBSIICHHBIX ~HW3YyYEHUIO CIEPMOJEPMBI M  YJIBTPACTPYKTYPbl TMOBEPXHOCTH CEMSH
IIpeJCTaBUTENICH pa3IMUHbIX CEMENUCTB, NPEICTABUTENEN TAKCOHOB PA3JINYHOIO paHra B CBSI3U
C UX cucTeMaTHkod u ¢unorenueid. [lo cTpykType ceMEHHOI KOXypbl MOXKHO CyIUTh H 00
YPOBHE 3BOJTIOLMOHHOM MPOJBUHYTOCTH TOM MJIM MHOM cucTeMaTHYecKou rpynisl [4, 5, 6, 7].

B nuteparype mo XJIOMYAaTHUKY OYEHb Majl0 CBEAEHHUI O TEMIE pocTa U Pa3BUTHUS
TKaHEeH, ClaraloluX MHTEryMEHThl cems3adaTkoB [8, 9, 10], u oco0eHHO y KyJIbTypHBIX
coproB. He ompeneneHsl Npu3HAKM CXOACTBA M PA3IUYUM, HE BBIIBIEHbl OCOOEHHOCTH
(hOopMHUPOBaHUS ¥ 3aKOHOMEPHOCTH Pa3BUTHSI KOXKYPBI CEMSTH TMKOPACTYIIIUX MPEACTaBUTEICH
U KYJIBTYPHBIX COPTOB JUIUIONIHBIX U TETPAILIOUIHBIX BUIOB poaa Gossypium. OTcyTCTBYrOT
JaHHBIE O JIMHAMUKE pOCTa CEMsI3a4aTKOB M 3aBs3€i, KOJIMYECTBE CEMI3a4aTKOB B
Pa3HOBO3PACTHBIX 3aBA3SIX.

Henpto  uccrnenoBaHus — SBISJIOCH — YCTAHOBJCHHMS — KOPPENSIHUU  pa3MepoB
BO3/TyXOHOCHOM IMOJIOCTU U XO35UCTBEHHO-LIEHHBIX MPU3HAKOB Y JUKUX BUJOB XJIOMYATHUKA.

Metoabl m matepuanbl. OnbiTel npoBoawuck ¢ 2018 no 2021 rr. CemenHoi
MaTepuall MOJYYeH M3 KOJUIEKIMU TeHO(OHIA XJIOMYaTHUKA JTA0OPATOPUH CHCTEMATUKU U
WHTPOAYKLMM XJIOMYAaTHUKA. V3BECTHO, YTO KOXypa CEMsH JAMKUX BHJIOB KAaMEHHUCTas.
[TosTOoMy ceMeHa IpopaluBaiK B TepMocTaTe npu Temmneparype 25-27° C B wamkax Ilerpu,
IpeIBapUTENLHO MOIPe3aach MUKPOIUISIPHAs 4YacTh CEMSIH, 3aT€M CeMeHa 00padaThIBAIIUCH
B ciaboM pacTBOpe NepMaHraHata Kajlus W ONOJIACKUBAINCH B JUCTHIUIMPOBAHHON BOjIE.
[Ipopociue cemeHa BbICaXKHBAJIN B CTAKAHUYUKH C 3eMJISTHOM CMeChIo (1ouBa-1 4acTh, Iecok-2
yactu). [IpopocTku, oOpa3zoBaBiire 2-3 HACTOSAIIMX JIMCTOYKOB, NEPECAKUBAIUCH B COCYIbI
Barnepa. M3yuanu no 10 pacteHuii ka)xxioro BuAa, BbIpAlIEHHBIX B cocyaax Barmepa B
TEIUIMYHBIX YCJIOBUSX MU TOJ (OTONEPUOTUYESCKHMHU BaroHUYMKamu. B mepuon Bererauu
MPOBOJWIIM ATUKETUPOBAHKE, (PEHOIIOTUYECKUE HAOIIOACHUS, Y4eThl. J[JI1 aHaTOMUYECKOro
aHanmm3a mpoBoawnack ¢ukcammsa (B 50% dTaHONE) 3penbIX ceMsH. AHATOMHYECKHUE
MCCJIEI0BaHMsI BBIIIOJIHEHBI COTJIACHO MPUHATON MeToauku bapsikunoit P.I1. (2000) [11]. Tlpu
MPOBEICHUN  HCCIEOBAaHUI  HMCIONB30BaNUCh ~ MHKpockombl  «CEIS».  M3mepenus
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CTPYKTYPHBIX 3JIEMEHTOB MHTETYMEHTOB CEMSI3a4aTKOB U KOXYPbI 3pEJIbIX CEMSIH TPOBOAMIH
C TMOMOIIIbIO BUHTOBOTO OKYJIsIp MUKpoMmeTpa MOB-15.

B kauectBe 0OBEKTa HCCIENOBAHUS TOCTYXKWIH 7 JUKUX TPEACTABUTEIN pojia
Gossypium L.: G. mustelinum, G. hirsutum ssp. glabrum f. mary galante, G. hirsutum ssp.
mexicanum var. microcarpum palmeri, G. hirsutum ssp. mexicanum var. nervosum, G.
barbadense ssp. vitifolim f. brasilense, G. barbadense ssp. ruderale f. pisco, G. darwinii.

PesyabTaThl U o0cy:xkaeHne. [Iopok «KOXKHUIA C BOJOKHOM» SIBISIETCSI OJIHUM H3
HanOoJIee 3JI0CTHBIX MMOPOKOB BOJIOKHA, 00pa3yIOIIMXCs MPU MEepBUYHON 00paboTKe XJIOMKa,
IPEJCTABISIOT COOON YaCTUIBI KOKYpBI CEMSIH XJIOMUYATHHUKA C IPsIKaMU BOJIOKHA Pa3HOM
JJINHBI. K IMOPOKaM «KOXHUIBI C BOJIOKHOM)» OTHOCATCS MCIKHUE N0 2 MM2 JacCTUIIbI KOXKYPEI C
BOJIOKHOM Hu Ooiee KPYINHBIC YaCTUIbl KOXYPbBI C BOJIOKHOM, HMCHYIOHIUECA «OUTBIM
CEMEHEM.

OTH MOPOKU BBUY UJIEHTHYHOCTH C BOJIOKHOM TPYTHO BBIJEJISIOTCS U3 OOIIEH MacChl
B TEXHOJIOTMYECKUX Ipoleccax MEepBUYHON OOpabOTKH U MpSJICHHS, MEPEXOASAT B MPSDKY U
TKaHb, 06p33y51 YCPHLIC HCOKPAIICHHBIC TOYKHW Ha IMOBEPXHOCTHU TKAHU, CHHIKAIOT BbIXOJ
BOJIOKHA, BBIXO/J XOJICTOB U yecaJbHOH JICHTHI B MnpaaeHuu, yBCJINIUBaOT O6pI)IBHOCTI).

OTH TOPOKH 00pa3yloTCsi B pe3ylbTaTe MEXaHHYECKOTO TOBPEXKICHUS CEMSH TpH
coope u mepepaboTKe XJomKa, APOOJIeHHs yitoKa U, OCOOEHHO, TPU OTCIOCHUH KOXKHIIBI C
XaJa3aJbHOM 4acTH CEMSIH OTACJIbHBIX COPTOB XJIOIMYAaTHHKA. Bce CCJICKIIMOHHBIC COpTa IpHU
MEPBUYHON 00paboTKe 00pa3yroT «KOXHILy C BOJIOKHOM» U «Outoe cemsi». I[lpu stom
BEJTMYMHA TTOPOKOB 3aBUCUT OT OHOJOTMYECKHX OCOOCHHOCTEH CEJeKIIMOHHBIX COPTOB
XJIOMTYAaTHUKA U U3MEHsIeTCs B IMpoKkuX npenenax ot 0,4 no 3,0 u 6o1ee mpoleHTOB.

J1n1s1 BO3MOKHOCTH XapaKTEPUCTHKU CEJIEKIIMOHHBIX COPTOB IO CTENIEHU 00pa30BaHUsA
MOPOKOB «KOXKUI[A C BOJOKHOM» U «OUTOE CEeMs» MO MalblM M EIWHUYHBIM MpoOaM
CYLIECTBYET CIOCOOBI OLIEHKH, OCHOBAaHHBIE Ha aBTOpPCKUX cBuaerenabcTBax Ne 907092 ot
21.10.1981 [12]. ILX. YpmanoBa u 3.A. KamxkapoBoit «Croco0 omnpeaeneHus: 0KUIaeMOro
COZIepP)KaHMSI TIOPOKAa «KOXHI[A C BOJOKHOM» B BOJIOKHE NpU TEPBUYHON IepepadoTKe
xyonka» U Ne 622882 ot 15.05.1978 [13]. «Cniocob oLieHKH HpPeApacrooKeHHOCTH CEMSH
XJIOMYaTHHKA K TOPOKOOOPA30BAHUIO.»

[IpenpacronokeHHOCTh KOXYpBHl CEMsSH XJIOMYaTHHKA K TOPOKOOOpPa30BaHHIO
OLICHUBACTCA JABYMA B3aMMOCBA3aHHBIMU q)aKTOpaMI/I — TOHHIHHOﬁ KOXYpPbl Xajla3dbl H
Pa3HOCTBIO TOJIIIMH CEMEHHON KOXKYPBI Ha Y4aCcTKaX «Xayia3a» v «00K».

Cornacno meroauku H1.X. YpmanoBa u 3.A. KamkapoBoii, ecnu B o0memM o0beme
KOJIMYECTBO CEMSH B MpobOe ¢ TOMIIMHON KOXypbl Xxanazbl 600 mxm u Beime a0 40%, ToO
BeJIMUYMHA (QPaKIUN «KOXKHIA C BOJIOKHOM» U «OUTOE ceMsaH» cocTtaBisgeT He bonee 30%, ot
o0I1Ieli BEIMYMHBI COJICPKAHNUS TIOPOKOB M COPHBIX MpuMeceid. Eciu B mpode umeercs 1o 50%
CEMSIH C KPUTHYECKON TOIIIMWHON KOXKYpbhl Xana3sl (600 MKM U BBIIIE), TO BEIMYUHA MOPOKA
BO3pacTaeT, HO oOmiee coJep)kaHWe IOPOKOB M COPHBIX IpHUMecei B BOJOKHE OyJer
cooTBeTcTBOBaTh TpeboBanusaM ['OCTa 3272-76. Ecnu e ykazaHHBIX ceMsiH Oyzer cBblie 50
%, TO COIEep AaHUE MMOPOKOB U COPHBIX mpumecer mpeBbicuT HopMbl ['OCTa u3-3a BEICOKOTO
COJIepKaHUs B BOJIOKHE TMMOPOKOB «KOKHUIIA C BOJIOKHOM» H «OHTOE ceMs». BmecTe ¢ Tem, uem
Oounblie cpeaHeapudMeTHuecKast pa3HOCTh TOJIIIMHBI Xalla3adbHOW U OOKOBOI MOBEPXHOCTH,
TEM BBIIIE BEPOSITHOCTh OOpa30BaHUS MOPOKOB «KOXKHUIIA C BOJOKHOM» U «OHTOE CeMs» B
BOJIOKHE NIPH MIEPBUYHOM NepepaboTKe OMpeIeIEHHOTO COpTa XJIOMYaTHHKA.

[lpu ananu3e BceX H3YUYCHHBIX IPEACTaBUTENCH MOXHO CHENAaTh BBIBOA, YTO BCE
ceMeHa HMMEIOT OoJiee TOHKYIO KOXYpy B XajazajabHOM uacth (puc. 1). MakcumanbHBIM
3HaueHueM paszHocTu cuutaerca 400 mxm. Ecnu sta Benmnumna menbiie 400 MKM, TO
Cofiep’KaHHEe TOPOKOB M COPHBIX NpHMeceld B BOJOKHE OyleT, HIKE WM B HOpPME, eCiH
pasHocTh Bbie 400 MKM — coJepiKaHUE MOPOKOB M COPHBIX NMPUMECEl B BOJOKHE Oyaer
MPEBHIIATH HOPMBL. Y BCeX pa3HOCTh He mpeBbimaet 100 mkm (Tabdm. 1).

[TpeanonoXuUTenbHO MOXHO CKa3aTh [0 TOBOJY BO3AYXOHOCHOHM IOJOCTH, YTO €€
OTCYTCTBHE — 3TO NPHU3HAK HCKOHHO IMKUX HpejacTaBuTened Buga. Uem Oojblie pazmep
BO3/lyXOHOCHOI MOJOCTH, TeM Oosiee MPOABHHYTHIA MpeacTaBUTENb. TakuM o00pa3oM Bce
U3y4YCHHBIC TPEICTABUTEIM HMMEIOT BO3AYXOHOCHYIO MOJOCTh HE OONBIIMX pa3MEpoB, 3a
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uckmodenneM G. darwinii, y Hero BooOIlle OTCYTCTBYEeT BO3AyXOHOCHAs MojocTh. Cpeau
WM3YYCHHBIX BHJIOM HauOoJiee BBIIEISICTCS pa3MepaMu BO3AyXOHOCHOW monoctu G.
mustelinum (527,3+19,4 Mkm).

BOHU +———
Bo3su. nonocts

HOHH

preenc i HOBU
a 0 \\
[1BU
PHCyllOK 1. CDpaI‘MCHTbl OCHOBHBIX DJICMCHTOB KO)Kypr 3pCJIOFO CEMCHH

a— cpe3 KOXKypbl B Xasla3aubHOM yacTu cemenu 10-TH Kp.yB.
0 — koxypa cemenn 40-ka Kp.yB.

B — Kokypa cemenu 100 kp.ys.

Tabnuuya 1.
Pa3zmepvl HeKOMOPBIX CIMPYKMYP KOHCYPBL 3De1020 CeMeHU
Ne BhICOTa KOKYPHI
HBHU [MHU BOHU Ulnpuna
BO3JIyXOHOCHO# .
MOJIOCTH B Xajase B cpeHen Paznocts
B xanaze 4acTH

1 | 35,742,1 64,5+8.3 | 18,3+1,2 | 527,3+19,4 297,1£18,3 | 367,2+22,2 | 70,1£1,3
2 |36,0£1,1 | 20,0+0,8 | 15,8+0,6 | 131,2+14,5 239,6+24,1 | 295,6+3,6 | 56,7+1,1
3 |32,87+£3,5 | 16,8+£1,4 | 15,3+1,5 | 111,7+16,1 251,2426,7 | 278,1+£26,2 | 26,9+0,9
4 | 357£29 | 38,743,2 | 19,7£1,9 | 148,2+14,7 265,5+19,1 | 314,5+24,8 | 49,0+1,3
5 |40,4+52 | 25,1£2,6 | 45,7+£5,3 | 70,9+4,6 238,1+£22,6 | 232,1+24,7 | 8,1+0,3
6 | 80,3£7,9 | 35,4£3,1 | 55,4+5,1 | 131,4+13,0 263,4+18,3 | 366,4+25,8 | 100,3+4,7
7 | 42,3£2,6 | 35,9+1,6 | 18,1£0,9 | - 249,7+15,3 | 307,5+4,9 | 57,842,5

1. G. mustelinum

2. G. hirsutum ssp. glabrum f. mary galante

3. G. hirsutum ssp. mexicanum var. microcarpum palmeri
4. G. hirsutum ssp. mexicanum var. nervosum

5. G. barbadense ssp. vitifolim f. brasilense

6. G. barbadense ssp. ruderale f. pisco

7. G. darwinii

Takxke MOKHO CKa3aTb, YTO, YEM MEHBUIE PA3HOCTb MEXAY pa3MepaMM IIHPUHBI
(TONIIMHBI) KOKYpPbI CEMEHU B CpEJIHEN M Xajla3aJbHOW 4acTH, TEM 00Jiee «KaMEHUCTOE»
cems. Ecnum pasHOCTh y JAMKHMX HpeicTaBuTenell OyneT COOTBETCTBOBATH 3HAYCHUIO
0<x>60 MKM, TO cemst OyneT «kaMeHHCcToe». CpaBHUBAs AUKUE BUIBI KKAMEHHCTOE)» CEMSs
umeroT G. darwinii, G. hirsutum ssp. mexicanum var. microcarpum palmeri, G. hirsutum
ssp. mexicanum var. nervosum. Taxke MOXHO cKa3aTbh, 4YTO YeM OOJIbILIE BBIIIE yKa3aHHAs
Pa3HOCTh TOJNIIUH, TeM OoJiee MPOJABUHYTHIA MPEICTaBUTENb. TakuMm 00pa3oM, MOXKHO
CKa3aTh, YTO HAJIMYHME WIM OTCYTCTBUE BO3AYXOHOCHOM IOJOCTH €CTh AMArHOCTHUYECKUX
3HAYMMBbIA npu3HaK. Yem OoJblle ee pa3Mepsbl, TeM 0ojiee MPOJIBUHYTHINA MPEICTAaBUTEb.
YeM MeHblIE Pa3HOCTh Pa3MEPOB TOJIIIMHBI KOKYPBI 3pPEJIOr0 CEMEHHU B CpelHEN 4acTu U
XaJla3aJIbHOM, TEM TBEPXKE KOKYpa CEMEHH.

BoiBoabl. Cpenn U3y4eHHBIX 7 MPEACTABUTENEH 5 MMEIOT KAMEHUCTYIO KOXYpPY
3penoro cemeHu, 3a uckimouenuem G. barbadense ssp. vitifolim f. brasilense u G.
barbadense ssp. ruderale f. pisco. Cpeau Bcex M3y4eHHBIX MPEACTABUTENICH TONIIMHA
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KOXYpbl B XaJla3aJibHOM uyactu He mnpesbimiaeT 600 MKM, a Takke pa3HOCTb TOJILUH
KOXKYpBI B CpeHEH M Xaja3ajibHON yacTsax He npesbimaeT 400 MKM, CIe0BaTENbHO, Y
3TUX IPEJICTAaBUTENEH BEPOATHOCTD MOSIBJIEHUS [IOPOKOB «KOKUIA C BOJIOKHOM) HHU3Kasl.
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XORAZM VILOYATI TUPROQ-IQLIM SHAROITIDA KANAKUNJUT
NAVLARI BARGLARIDA TRANSPIRATSIYA JADALLIGI
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Annotatsiya. Kanakunjut (Ricinus Communis L.) o‘simligi Xorazm viloyatida birmuncha
yangi ekin hisoblanganligi sababli, viloyat tuprog-iglim sharoitida yetishtirish texnologiyasi,
fiziologik xususiyatlari va biokimyoviy tarkibi, shuningdek, go‘llash imkoniyatlari kam
o‘rganilgan. Shu boisdan ham ushbu magolada kanakunjutning Zanzibarskaya, Gibsona, Impala va
Xersonskaya-10 navlarining transpiratsiya jadalligi hagida ma’lumotlar keltirilgan. O‘tkazilgan
ilmiy tadgiqot ishlari bo‘yicha shunday xulosalarga kelish mumkin, o‘rganilayotgan kanakunjut
navlarining 4 ta navida ham, ya’ni Zanzibarskaya, Gibsona, Impala va Xersonskaya-10 navlarida
rivojlanish fazalarining barcha bosqgichlarida transpiratsiya jadalligining ikki marta oshib
kamayganligi kuzatildi. O‘tkazilgan ko‘p yillik tajribalar natijalariga ko‘ra, Xorazm viloyatining
o‘rtacha sho‘rlangan va sug‘oriladigan o‘tlogi — allyuvial tuproglari sharoitida kanakunjutning,
Impala va Gibsona navlari ekin maydonlarini kengaytirish va katta plantatsiyalarga ekish
magsadga muvofiqdir.

Kalit so‘zlar. Kanakunjut, nav, suv almashinish xususiyatlari, transpiratsiya jadalligi,
fotosintez.
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THE INTENSITY OF TRANSPIRATION IN THE LEAVES OF SESAME
VARIETIES UNDER THE SOIL AND CLIMATIC CONDITIONS OF THE
KHOREZM REGION

Abstract. Since the castor plant (Ricinus Communis L.) is considered a relatively new
crop in the Khorezm region, its cultivation technology, physiological characteristics, biochemical
composition, and application potential have not been thoroughly studied under the soil and
climatic conditions of the region. Therefore, this article provides data on the transpiration intensity
of the Zanzibarskaya, Gibsona, Impala, and Khersonskaya-10 varieties of castor. Based on the
conducted scientific research, it can be concluded that in all four studied varieties —
Zanzibarskaya, Gibsona, Impala, and Khersonskaya-10 — transpiration intensity doubled and
decreased twice during all stages of development. According to the results of many years of
experiments, it is advisable to expand the cultivation areas and plant large plantations of the
Impala and Gibsona varieties of castor in the moderately saline, irrigated meadow-alluvial soils of
the Khorezm region.

Keywords. Sesame, variety, water exchange characteristics, transpiration intensity,
photosynthesis.

Kirish. Ma’lumki, transpiratsiya jadalligi — bu o‘simlikning barglari orgali suvni
bug‘latish tezligining o‘lchovidir. Transpiratsiya jadalligi atrof-muhit sharoitlari,
o‘simlikdagi barglar soni, barglardagi labchalar soni, barg og‘izchalaridagi tuklarning
ko‘p yoki ozligi, karbonat angidrid moddasining yutilish miqgdori, shuningdek, aynan
mazkur o‘simlik turining vegetatsion rivojlanish bosgichlari kabi turli omillarga garab
o‘zgaradi. U vaqt birligi (soat) asosida barg maydonining sathi bilan (kvadrat detsimetrda)
bug‘langan suv miqdori (grammda) bilan o‘Ichanadi [1].

Keyingi yillarda olimlar tomonidan o‘simliklarning noqulay tuproq-iglim sharoitlari
va turli xil stress omillar ta’siriga chidamliligini oshirish maqgsadida ularda kechadigan
fiziologik va biokimyoviy jarayonlarni tadqiq gilishga gizigish ortib bormogda [5].

Barcha fiziologik jarayonlar yig‘indisining ajralmas ko‘rsatkichi bo‘lgan
o‘simliklarning mahsuldorligi uning suv rejimlari bilan chambarchas bog‘liqdir.
O‘simliklarda suv almashinuvini tartibga solishda transpiratsiya jarayoni muhim rol
o‘ynaydi [7].

O‘simliklarning suv rejimi umumiy metabolik jarayonning bir qismi bo‘lib, ular
o‘simlik organizmida suv rejimini tartibga solishning eng muhim usullaridan biri
transpiratsiya hisoblanadi [10].

Odatda, transpiratsiya jadalligi kunduzi 15 dan 250 g/m?/soatgacha o‘zgarib turadi,
kechasi esa 7-20 g/m?/soatgacha kamayishi mumkin. Transpiratsiya jadalligi ko‘plab ichki
va tashgi omillarga (tuprogdagi suv miqgdori, atmosferaning suv bug‘lari bilan
to‘yinganligi, shamol tezligi, havo harorati va boshqalar) bog‘liq [2].

Suv almashinuvi xususiyatlari gaz almashinuvi kabi o‘simliklar hayotida muhim
o‘rin tutadi. O‘simliklardagi deyarli barcha fiziologik va biokimyoviy jarayonlar suv
ishtirokida sodir bo‘ladi. Suv almashinuv  xususiyatlarini tasvirlovchi asosiy
ko‘rsatkichlarga o‘simlik barglaridagi transpiratsiya jadalligi, suv tangisligi hamda suv
saglash qobiliyati kiradi. Shuning uchun ham bu ko‘rsatkichning giymatiga garab,
o‘simliklarning qurg‘oqgchilik va sho‘rlanishga chidamliligini aniglashda keng foydalanish
mumkin [3].

Ushbu jarayonning yuqori jadalligi bilan ajralib turadigan o‘simlik genotiplari hosil
elementlarining maksimal darajada ko‘pligi va yuqori sifatli hosil to‘plashi bilan
xarakterlanadi. Transpiratsiya jadalligi o‘simlik organizmidagi boshqa sifat va miqdoriy
belgilar kabi genetik jihatidan diterminantlangan va uning fenotipligi bo‘yicha o‘zini
namoyon (qilishi genotip bilan bir qator enzogen va endogen omillarning o‘zaro
ta’sirlashishiga bog‘liq ravishda o‘zgarib turadi [6].

Tuprogning sho‘rlanganlik darajasi oshgan sayin transpiratsiya jadalligi va o‘simlik
namligining bug‘lanish miqdori keskin pasayadi. Sho‘rlangan tuproqlarda tuproq
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namligining oshishi o‘simlikning suv bilan ta’minlanganlik darajasini yaxshilaydi.
Demak, sho‘rlangan tuproglarda o‘sadigan of‘simliklar hujayra shirasining
konsentratsiyasini normal holatda saqlash uchun suv sarfini mo‘tadillashtiradi [9].

Tadgigot metodologiyasi. Bizning ilmiy tadgigotlarimizda biologik talablar asosida
Xorazm viloyati tuprog-iqlim sharoitida kanakunjut (Ricinus communis L.) o‘simligining
navlarini yetishtirish jarayonida uning ekologik-biologik xususiyatlarini o‘rganish,
xususan, kanakunjutning Zanzibarskaya, Gibsona, Impala va Xersonskaya-10 navlarini
transpiratsiya jadalligini tadqiq gilish magsad gilingan.

Tajriba dalalarining tuproglari asosan o‘tlogi-allyuvial tuproglar hisoblanadi.
Ushbu turdagi tuproglar Amudaryoning quyi ogqimidagi yerlarni egallab, Xorazm
viloyatidagi ekin maydonlarining 34,2 foizini tashkil giladi. Ular Amudaryoning hozirgi
delta sharoitida shakllangan. Yerosti suvlari minerallashgan va 1-3 m chuqurlikda
joylashgan. Agrokimyoviy xossalari bo‘yicha tajriba maydoni tuproglari karbonatlashgan,
kam strukturali, chirindi migdorining kamligi va sho‘rlanishga moyilligi bilan ajralib
turadi. Tajriba tuproglari asosan o‘rtacha sho‘rlangan bo‘lib, xlorid-sulfatli tipga mansub.

Mazkur dorivor o‘simlik respublikamizning boshga hududlarida o‘rganilgan
bo‘lishiga garamay, Xorazm viloyati sharoitida suv almashinuv xususiyatlari to‘g‘risidagi
ma’lumotlar umuman yo‘q. llmiy izlanishlar Xorazm viloyati Xiva tumani hududida
joylashgan O‘rmon xo‘jaligi ilmiy-tadgiqot institutiga garashli Qoraqum ilmiy tajriba
stansiyasining tajriba dalalarida amalga oshirildi.

Fenologik kuzatuv ma’lumotlariga ishlov berish V.N. Nilov usuli [8]. bo‘yicha
go‘shimchalarni inobatga olgan holda amalga oshirildi.

Fenologik kuzatishlar urug‘lar unib chiggandan to pishib yetilgunga gadar amalga
oshirildi. Rivojlanish fazasining boshlanishi o‘simliklarning — 10 foizida namoyon
bo‘lganda, to‘liq fazada esa — 75 foiz kuzatilgan vaqtda deb gabul gilindi [4].

Kanakunjut navlarida o‘sish va rivojlanish dinamikasi ikkita chegaradosh
bo‘Imagan takroriyliklardagi maydonchalarning diagonali bo‘yicha 50 ta o‘simliklarni
o‘lchash orgali hisoblandi. O‘lchashlar har bir tajriba maydonchasining 10 ta nuqtasida
o‘tkazildi.

O‘rganilgan o‘simliklarning qurg‘oqchilikka bargarorlik darajasining ilmiy asosi
sifatida transpiratsiya jadalligi o‘rganildi. Transpiratsiya jadalligi torzion tarozida
barglarning tezlik bilan tortib olish usuli bo‘yicha aniglandi [8].Tajriba kuniga 7 marta,
ertalab soat 8 dan kech soat 20 gacha 3 karra takrorlik asosida olib borildi.

Natijalar va muhokama. O°‘zbekiston sharoitida introduksiya gilinayotgan
o‘simliklarni o‘rganishda ko‘pgina omillarga e’tibor berish zarur. Bulardan asosiylari
tuprogdagi namlik va havo haroratidir. Shunday ekan, namlikning tanqisligi va yuqori
harorat shu sharoitda o‘suvchi o‘simliklarning o‘sishi va rivojlanishini muayyan darajada
belgilovchi omillardan bo‘lganligi bois, ularning suv rejimini o‘rganishni talab giladi.

Ko‘pchilikka ma’lumki, barglardagi suvning intensiv bug‘lanishi ham ularning
hujayralarida suv potensialining pasayishiga va ularga poya va ildizdan suv kirishiga olib
keladi. Transpiratsiya natijasida suvning o‘simlik bo‘ylab harakatlanishi transpiratsiya
ogimi deb ataladi. Ildiz bosimi, suv molekulalari orasidagi yopishish va transpiratsiya
kuchlarining kombinatsiyasi tufayli suv o‘simlik bo‘ylab o‘nlab metrlarga ko‘tarilishi
mumkin (daraxt turlarida bu jarayonda tirik ildiz hujayralari muhim rol o‘ynaydi).
Suvning o‘simlik tanasida harakatlanish tezligi kunduzi ayniqsa yuqori bo‘ladi [11].

Tajribalarda kanakunjutning Zanzibarskaya, Gibsona, Impala va Xersonskaya-10
navlarida vegetatsiya jarayonining chinbarg chigarish, to‘pgul hosil gilish, gullash va
pishish fazalarida suv almashinuvi xususiyatlaridan transpiratsiya jadalligi o‘rganildi.

Kanakunjut o‘simligi navlari vegetatsiyasining boshida, ya’ni ikkinchi haqigiy
chinbarg hosil bo‘lish fazasida Zanzibarskaya navida o‘rtacha, 4,03 mg/soat/dm? ni tashkil
gilgan bo‘lsa, Gibsona navida 3,59 mg/soat/dm?, Impala navida 2,90 mg/soat/dm? hamda
kanakunjutning Xersonskaya-10 navida 4,07 mg/soat/dm? ekanligi aniglandi.
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To‘rtinchi va beshinchi chinbarg hosil bo‘lish fazasida esa transpiratsiya jadalligi
mos ravishda o‘rtacha 4,46 mg/soat/dm?; 3,21 mg/soat/dm?; 2,92 mg/soat/dm? va 4,02
mg/soat/ dm? ekanligi gayd gilindi (1-diagramma)

Kanakunjut navlari barglarining transpiratsiya
jadalligi, mg/soat/dm.kvadrat, xo‘l og‘irlik hisobiga
6,48 586

;
5.3

6 3,59 22 495 ”1

S 4,03 4,07 44 3,80 3.5
4,02 4,24 %79 3,8

4 3?1

-f!
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Ikkinchi To‘rtinchi va To‘pgul hosil Gullash fazasi Pishish fazasi
haqiqiy beshinchi  bo‘lish fazasi

chinbarg hosil chinbarg hosil

bo‘lish fazasi bo‘lish fazasi

m Zanzibarskaya mGibsona Impala = Xersonskaya-10

1-diagramma. Kanakunjut navlari barglarining transpiratsiya jadalligi,
mg/soat/dm.kvadrat, xo¢l og‘irlik hisobiga

Vegetatsiya davrining o‘rtalariga kelib, ya’ni to‘pgul hosil bo‘lish fazasida
transpiratsiya jadalligi Zanzibarskaya navida o‘rtacha 4,96 mg/soat/dm? ekanligi
kuzatilgan bo‘lsa, Gibsona navida ushbu ko‘rsatkich 4,68 mg/soat/dm? ni tashkil gildi.
Kanakunjutning Impala navi barglarida transpiratsiya jadalligi tadqiq gilinganida esa 3,89
mg/soat/dm? va nazorat nav, ya’ni Xersonskaya- 10 navida 4,24 mg/soat/dm? ekanligi
kuzatildi (1-jadval).

1-jadval
Kanakunjut navlari barglarining transpiratsiya jadalligi, mg/soat/dm. kvadrat, ho‘l og‘irlik
hisobiga
Kanakunjut navlari Soat Kunlik

g0o0 1000 1200 1400 16% 1800 2000 o‘rtacha

Ikkinchi hagigiy chinbarg hosil bo‘lish fazasi

Zanzibarskaya 3,07 3,75 | 4,26 | 461 | 492 | 4,09 | 3,56 4,03
Gibsona 2,97 3,22 | 3,67 | 397 |425 |39 |311 3,59
Impala 2,28 2,51 | 293 | 317 | 3,66 | 3,12 | 2,64 2,90

Xersonskaya -10 3,39 391 | 4,19 | 445 | 4,78 | 420 | 3,58 4,07
To‘rtinchi va beshinchi chinbarg hosil bo‘lish fazasi

Zanzibarskaya 3,64 4,17 | 459 | 493 | 527 | 452 |4]11 4,46
Gibsona 2,54 2,84 | 3,17 | 3,48 | 3,77 | 3,52 | 3,18 3,21
Impala 2,28 2,49 | 281 |3,03 | 353 |324 | 3,06 2,92

Xersonskaya -10 3,57 3,84 | 4,05 | 436 | 466 |4,01 |371 4,02
To‘pgul hosil bo‘lish fazasi

Zanzibarskaya 4,05 442 | 4,87 |536 | 573 |526 |5,05 4,96
Gibsona 3,82 4,09 | 446 | 498 | 547 | 517 | 4,78 4,68
Impala 3,08 341 | 3,89 | 412 | 463 | 415 | 4,00 3,89

Xersonskaya -10 366 |391 415 [452 |479 |454 413 |[424
Gullash fazasi
Zanzibarskaya \ 5,78 \ 6,18 \ 6,52 ] 6,83 \ 7,06 \ 6,71 \ 6,33 \ 6,48
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Gibsona 5,04 559 | 584 |619 |6,44 | 6,11 | 5,87 5,86
Impala 4,48 4,85 | 526 | 5,67 | 6,11 | 563 |5,22 5,31
Xersonskaya -10 5,36 568 | 597 | 643 | 6,74 | 6,33 | 6,07 6,08
Pishish fazasi

Zanzibarskaya 3,32 3,69 | 3,91 | 4,13 | 4,37 | 3,76 | 3,39 3,79
Gibsona 2,86 3,14 | 3,62 | 397 | 423 |361 |312 3,50
Impala 2,56 2,86 | 3,16 | 3,35 | 3,68 | 3,23 | 2,98 2,34

Xersonskaya -10 3,11 3,48 | 3,83 | 4,05 |4,40 | 4,01 | 381 3,81

Kanakunjut navlarining gullash fazasida transpiratsiya jadalligi o‘rtacha
ko‘rsatkichi mos ravishda 6,48 mg/soat/dm? (Zanzibarskaya navi), 5,86 mg/soat/dm?
(Gibsona navi), 5,31 mg/soat/dm? (Impala navi) hamda 6,08 mg/soat/dm? ni (Xersonskaya
-10 navi) tashkil qildi.

Tajribalarda o‘rganilayotgan kanakunjut navlari vegetatsiya davrining oxiriga
kelib, ya’ni pishish fazasida transpiratsiya jadalligining o‘rtacha ko‘rsatkichi
Zanzibarskaya navida 3,79 mg/soat/dm? ni tashkil gilgan bo‘lsa, Gibsona navida 3,50
mg/soat/dm?, Impala navida 2,34 mg/soat/dm? hamda kanakunjutning Xersonskaya-10
navida 3,81 mg/soat/dm? ekanligi aniglandi (1-jadval).

Tajribalarda sinalayotgan kanakunjut navlarining 4 ta navida ham, ya’ni
Zanzibarskaya, Gibsona, Impala va nazorat nav — Xersonskaya-10 navlarida rivojlanish
fazalarining barcha bosqgichlarida transpiratsiya jadalligi kuniga ikki marta oshib
kamayganligi kuzatildi.

Xulosa va takliflar. Oc‘tkazilgan ko‘p vyillik tajribalar natijalariga ko‘ra,
respublikamizdagi dorivor o‘simliklarga ixtisoslashgan klasterlarga farmatsevtika sanoati
uchun xomashyo tayyorlash va dorivor o‘simliklarni xorijga eksport gilish magsadida
Xorazm viloyatining o‘rtacha sho‘rlangan va sug‘oriladigan o‘tlogi — allyuvial
tuproglarida sharoitida kanakunjutning Impala va Gibsona navlarining ekin maydonlarini
kengaytirish va katta plantatsiyalarga ekish magsadga muvofiqdir.
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Annotatsiya. Maqolada O‘zbekiston sharoitidagi quyonlarga bug‘doy, arpa va makka kabi
don turlarining maysa holida berilishining qiyosiy ta’siri asoslangan. Bunda, iglim shart
sharoyitlariga bog‘liq bo‘lmagan holda yil davomida va yetarli miqdorda yashil gidroponik oziqa
yetishtirish imkonining yaratilishi, gidropon ozigalar o‘zlarining vitaminlar va mineral moddalarni
saqlashiga har xil o‘tlar va donli oziqalardan ustunligi aniglangan. Xususan, gidropon ko ‘katda
meyoriy organik moddalar tarkibining doimiy ravishda saglanishi va bunday ozigalar ham alohida
oziqa turi ham qo‘shimcha oziqa sifatida quyonlar organizmini to‘yimli, vitaminli va mineral
moddalarga bo‘lgan talabini barqaror ta’minlashi, shuningdek, sanitar — gigiyenik va ekologik
omillarning quyonlar organizmiga ko‘rsatadigan salbiy ta’sirlari oqibatida vujudga keladigan
patologik holatlarini bartaraf etishi va natijada quyonlar mahsuldorligini 20-30 % ga oshirishi
evaziga katta igtisodiy samara berishi giyosiy jihatdan ilmiy asoslangan.

Kalit so‘zlar: Quyonlarning mahsuldorligi, klinik-fiziologik ko‘rsatkichlari. Alimentar va
ekologo-gigiyenik tabiatli kasalliklar. Gidroponika. O‘stirilgan bug‘doy, arpa va makkajo‘xori
maysalari. Gidropon ko‘katining tarkibiy xususiyatlari.

USING HYDROPONICS GROWN FORAGE IN FEEDING RABBITS

Abstract. In this article the effect of hydroponic greens made from wheat, barley and corn
seeds on the organism of rabbits is differentiated. It is also noted that such feed for rabbits can be
prepared all year round, regardless of the meteorological conditions of the area, and in sufficient
quantities. It is established that hydroponic greens in comparison with other plant and grain feeds
differ sharply in the clothing of vitamin-mineral substances, thus the constancy of organic
substances in the composition of hydroponic feeds contributes to providing the organism of rabbits
with the necessary nutrients and vitamin-mineral substances. In addition, such feeds prevent the
negative effects of pathological phenomena arising as a result of violation of sanitary and hygienic
and environmental violations when keeping rabbits, as a result of which the productivity of rabbits
increases by 20-30%, which ensures high efficiency in the rabbit breeding industry.

Keywords: Productivity and clinical-physiological indices. Diseases of alimentary,
ecological-hygienic nature of rabbits. Hydroponics grown from wheat, barley and corn. Structural
features of hydroponic greenery.

Kirish. Respublikamiz fermer xo‘jaliklari va aholi xonadonlarida quyonchilikni
rivojlantirishdagi mavjud ekologo-gigiyenik va oziglantirish bo‘yicha mavjud to‘siglarni
bartaraf etish quyonlardan olinadigan parhezbop go‘sht mahsulotining oshishiga,
shuningdek, 30 ga yaqin halq iste’moliga kirib kelayotgan quyonchilik mahsulotlarini
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yetishtirishda so‘zsiz o°zining ijobiy samara berishi tadgigotlarda aniglangan[1, 2, 3, 6].
Respublikamizga chet mamlakatlardan kirib kelayotgan quyon zotlarida Respublikamiz
sharoitlariga moslashtirish masalasi bugungi kunda o‘zining ilmiy yechimini kutayotgan
asosiy muammolardan biri hisoblanadi. Shu boisdan, quyon zotlarini iglimlashtirish,
yugqumli va invazion kasalliklariga garshi kurashish, vitamin va mineral moddalar
almashinuvi buzilishlarini o‘z vaqtida aniqglash va oldini olish chora-tadbirldarini ishlab
chigish bugungi kunda veterinariya, zooinjeneriya amaliyotidagi dolzarb muammolardan
biri hisoblanadi[4, 7, 10, 12].

Quyonlar ozigasida kalsiy, fosfor, mis, kobalt, marganets, yod kabi mineral
moddalar va turli xildagi vitaminlar yetishmovchiligi kuzatilgan paytlarda quyonlar
oziqasiga qo‘shimcha ravishda gidroponika usulida o‘stirilgan donli oziqalar maysalarini
berish quyonlarning mahsuldorligining oshishi va ayni paytda ularning kasalliklarga
nisbatan bardoshining oshishiga olib kelishi tadgiqotlarda aniglangan[5,8, 9, 11].

Respublikamiz sharoitida parvarishlanayotgan quyonlar organizmiga bir vagtning
o‘zida ham ekologik, ham mikroigqlim va ham oziqlantirishning ta’siri va noqulay
ta’sirlari paytlarida quyonlar organizmida vujudga keladigan klinik-fizologik hamda
morfologo-biokimyoviy o‘zgarishlar va kasalliklarning tabiati bizgacha o‘rganilmagan.

Tadgigotning magqgsadi. O’zbekiston Respublikasining o’ziga xos tabiiy- iglim
sharoitlarida quyonlar organizmiga noqo’lay ekologik, mikroiqlim va oziglantirish
sharoitlarining ta’sirini  klinik hamda fiziologik, biokimyoviy, immunologik va
veteinariya-sanitariya jihatlaridan baholash, ta’sir oqibatlarining oldini olishning
kompleks chora-tadbirlarini ishlab chigishdan iborat.

Tadqiqotning vazifalari. O’zbekiston Respublikasining hayvonlar uchun nisbatan
adekvat hisoblangan Samargand viloyati va nisbatan ekstremal hisoblangan
Qoragalpog iston respublikasining tabiiy- iglim sharoitlarida xikol, velikan va mahalliy
shinshilla zotli quyonlar organizmiga noqo’lay ekologik omillar (tashqi muhit harorati va
atmosfera havosining ifloslanishi) ta’sirini klinik hamda fiziologik, biokimyoviy va
immunologik jihatlardan baholash; adekvat hamda ekstremal tabiiy-iglim sharoitlarida
quyonlar organizmiga noqo’lay mikroiglim sharoitlarining ta’sirini Klinik hamda
fiziologik, biokimyoviy va immunologik jihatlardan baholash; quyonlar organizmiga turli
rasion tiplari va to’yimlilik darajasida oziglantirishning ta’sirini klinik hamda fiziologik,
biokimyoviy va immunologik jihatlardan baholash; quyonlarda noqo’lay ekologik,
mikroiqlim va oziqlantirish sharoitlari ta’sirida paydo bo’ladigan kasalliklarni aniqglash va
ularga ertachi tashxis qo’yish hamda ulardan olingan go’sht va go’sht mahsulotlarini
veterinariya-saniaiya ekspertizasidan o’tkazish usullarini ishlab chigish; quyonlarni
noqo’lay ekologik omillar ta’siridan himoyalash, quyonxonalar uchun zarur mikroiglim
parametrlarini ishlab chigish, barcha yosh va fiziologik davrlardagi quyonlar uchun yangi
oziga turlarini yaratish va yangi probiotik hamda vitaminli-mineralli qo’shimcha oziqa
aralashmalaridan foydalanish asosida quyonlarning mahsuldorlik, pushtdorlik va rezistentlik
ko’rsatkichlarini yaxshilash va kasalliklarining oldini olish bo’yicha tavsiyanoma ishlab
chigish va amaliyotga tadbiq etish.

Tadgiqotning obyekti va uslublari. Bug‘doy maysasini o‘stirish texnologiyasini
takomillashtirish va uni quyonlarni oziqlantirishda qo‘llashga qaratilgan tajribalar 2016-2025
— yillar davomida Samarqand va Navoiy viloyatlari hamda Qoraqalpog‘iston Respublikasining
quyonchilik fermalarida, Samargand davlat veterinariya meditsinasi, chorvachilik va
biotexnologiyalar universiteti “Hayvonlarni oziqlantirish va zoogigiyena” kafedrasi qoshidagi
“Oziqalarning kimyoviy tarkibini tahlil qilish” o‘quv laboratoriyasida “Mega loyiha”
doirasida olib borildi.

Tajribalar davomida umumgabul qilingan usullar yordamida gidropon usulda
tayyorlangan bug‘doy maysasining vitaminli va mineralli tarkibi, shuningdek, tajribadagi
quyonlarning klinik va fiziologik ko‘rsatkichlari, ulardan olingan qon namunalarining
morfologik hamda biokimviy ko‘rsatkichlari aniqlab borildi. Tarozida o‘lchash orgali
quyonlarning tana vazni nazorat gilib borildi.
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Tadqgiqot natijalari. Tajribalarda  gidropon ko‘kati  yetishtirish  uchun
SamDVMCHBU ning Xayvonlarni oziglantirish texnologniyasi va zoogigiyena kafedrasini
“Oziqalarni kimyoviy tarkibini taxlil qilish” o‘quv laboratoriyasida maxsus oyna vanna
uskuna yasaldi. Bu uskuna eniga 80 sm, bo‘yiga 2 m bo‘lib, 5 qator qilib urug‘lar
o‘ndiriladigan patnislar uchun tokcha yasalib, yorug‘lik shiftga va devorlarga yo‘naltirildi.
Urug‘lar ertalab va kechkurun qo‘lda suv sepish yo‘li bilan rejim asosida namlab turiladi.

Tadqiqotlarda aniqlanishicha urug‘lar unib chiqganda ularda keskin biologik
o‘zgarishlar sodir bo‘ladi, xususan kraxmal — solod shakariga, ogsillar — aminokislotalarga,
yog‘lar — yog* kislotalariga aylanadi, oshqozonda ovqat hazm qilishi jarayonlari faollashadi,
golaversa, unda vitaminlar va boshga foydali unsurlar sintezlanadi, quvvat jamlanadi va
modda almashinuviiga barcha kuchlar safarbar etiladi.

Quyonlarni o‘ndirilgan urug‘lar bilan boqish ozuqa yem sifatining mutloqo yangi
standarti hisoblanadi. Tarkibida oqgsil moddasi ko‘p bo‘lgan o‘ndirilgan urug‘lar ozuqa
yemning asosiy manbai sifatida ham, yoki amaldagi ratsionga qo‘shimcha sifatida ham
qo‘llanishi mumkin. Bunday usulning qo‘llanishi ozuqa yemini tayyorlash uchun ketadigan
xarajatlarni keskin kisqartiradi, chunki o‘ndirilgan urug‘lar kuruq dag‘al yem-xashakka
nisbatan bir muncha yaxshi, qullanishi oddiy, moliyaviy jihatdan tejamli va ko‘plab foydali
moddalardan tarkib topgan bo‘ladi, o‘rug‘lar maxsus jixozlangan xonalarda yetishtirilsada va
alohida parvarish uchun mehnat talab etmaydi. Gidropon ko‘kat yetishtiriladigan xonalarda
haroratning + 23 0S da barkaror ushlab turilishi, urug‘lik ta’minoti va sifatli montaj qilingan
avtomatik rejimda ishlovchi tuman hosil gilish tizimning mavjudligi zarur. Bunday xonalarda
bug‘doy, arpa, suli, no‘xat, yasmiq, loviya, kungabogqar, grechixa va qovoq donlarini o‘ndirish
mumkin. Urug‘lar 2-3 kunidayok unib chigadi va undan 6-7 kundan boshlab oziga sifatida
foydalaniladi.

Quyonlarni tekshirish natejalarini jurnalga gayd etish va quyonlarga gidrapon ozigalarni ulchash
jarayoni
Urug‘lar uchun patnislarni 60 x 40 sm hajmli ruxlangan tunukadan chekka
devorlarini 5 sm balandlikda qgilib yasaldi. Javon tokchalari besh gavatdan iborat, bu har
bir qavat haftaning muayyan kuniga mo‘jallanganligini bildiradi. Binobarin, patnislarni
yettinchi kuni tokchadan olib, undagi ko‘katlar olinib bogilayotgan quyonga berish
mumkin. U yoki bu kavatdagi tayyor mahsulot olinganidan keyin, shu zahotiyoq
undiriladigan yangi urug‘lar sepib qo‘yiladi, bu amaliyot xammasi bo‘lib 30-40 dagiga
vaqtni oladi va jarayon uzluksiz davom etaveradi.

Biz oynali javonning har bir gavatiga har ikki tarafdan 5 tadan 5 dona ana shunday
patnis joylashtirdik. Patnislarni umumiy miqdori 5 dona, urug‘ sifatida arpa,
makkajo‘horidan foydalandik va har bir patnisga 2 kg dan urug® solib undirdik. Urug‘lar
uchinchi kuni unib chiga boshladi va yettinchi kuni maysalarning bo‘yi 8-12 sm ga yetdi.
Bunda tayyor mahsulotning og‘irligi 9 kg ga teng bo‘lib, dastlabki og‘irligiga nisbatan 6
barobar ortdi.

Laboratoriya tahlili natijalariga ko‘ra, bunday usulda tayyorlab berilayotga yem
tarkibida ogsillar migdori 50-60 % tashkil etdi. Ushbu yashil massa asosiy yem sifatida
ham, har kunlik ratsionga qo‘shimcha sifatida ham ishlatib ko‘rildi. Har ikki holda xam
quyonlar 30 gr galma-galdan iste’mol gilingan yemning miqdoriga bog‘liq ravishda 20-30
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% ko‘shimcha tana vazn bilan o°sish, shuningdek yashil barra bug‘doy, arpa, makkajuxori
maysalari 2 oylik quyon bolalari uchun eng ma’qul oziqa ekanligi ilmiy tadqiqotlarimiz
jarayonida aniglandi.

N Ges
Quyonxonalardagi mikroiglim sharoitini aniglash
Xulosa. 1. Gidropon ko‘katda meyoriy organik moddalar tarkibi doimiy ravishda
saglanadi va bunday oziqalar ham alohida oziqa turi ham qo‘shimcha oziga sifatida
quyonlar organizmini to‘yimli, vitaminli va mineral moddalarga bo‘lgan talabini barqaror
ta’minlashda muhim rol o‘ynaydi va ratsionga gidropon oziqalarning Kkiritilishi
quyonlarning bunday moddalarga bo‘lgan ehtiyojini 60-70% gacha qondiradi.

2. Quyonlarni oziglantirishda gidropon usulida tayyorlangan yashil maysadan
foydalanish sanitar — gigiyenik va ekologik omillarning quyonlar organizmiga
ko‘rsatadigan salbiy ta’sirlari ogibatida vujudga keladigan patologik holatlarni bartaraf
etishda ustuvor ahamiyatga ega bo‘lgan texnologiyalardan biri hisoblanadi va quyonlar
mahsuldorligini 20-30 % ga oshirish imkoniyatini yaratadi.

1. Gidropon ozigalar qgator afzalliklarga egaligi, xussan, iglim shart sharoitlariga
bog‘lig bo‘lmagan holda yil davomida va yetarli miqdorda yashil ularni yetishtirishning
mumkinligi va ayni paytda ularning tarkibida boshqa oziqalardagiga garaganda ko‘p
miqdorda to‘yimli, vitaminli va mineral moddalarning saqlanishi tufayli oziqglantirishda
ulardan foydalanish quyonlarning mahsuldorligini 20-30%ga oshirish hamda ularning
saglash va oziglantirish bilan bevosita bog‘liq holda paydo bo‘ladigan kasalliklarini to‘liq
profilaktika gilish imkonini beradi.
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BUG‘DOY MAYSASI QUYONLARNI OZIQLANTIRISHDA ENG MA’QUL
OZIQA
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Annotatsiya. Maqolada bug‘doy doni maysasini gidropon usulda o‘stirish, uning yuqori
ozugaviy giymatga egaligi, 7-10 kun ichida o‘sib yetilishi, so‘ng 10-kunida undagi maysalar
yig‘ilib, mo‘tadil haroratda maydalanishi, shu sababli undagi ozugaviy moddalarning parchalanib
ketmasligi aniglangan. Bunday bug‘doy maysasi o‘zining hidi, rangi va barcha yeng zarur
xususiyatlarini saglab qolishi va oziqa sifati bo‘yicha quyon oziqalari orasida ustivor ahamiyat
kasb etishi, shuningdek, bunday yashil gidroponik oziga iqlim sharoitlariga bog‘liq bo‘lmagan
holda yil davomida va yetarli migdorda yetishtirish imkonining mavjudligi, ularning qulay
sharoitda to‘yimli eritmalardan foydalangan holda yetishtirilishi tarkibidagi vitaminlar migdorlari
bo‘yicha boshqa ot va donli oziqalardan ustunligi aniqlangan. Quyonlarning 2 oylik davridan
boshlab ratsionga bunday oziganing Kiritilishi quyonlar organizmining klinik va fiziologik
ko‘rsatkichlarining mo‘tadillashishi hamda quyonlarning vitaminlarga bo‘lgan extiyojini 60-70%
gacha gondirishi va maxsuldorlikni 20-30% ga oshirishi aniglangan.

Kalit so‘zlar: Quyon, bug‘doy maysasi, xlorofill moddalar, Gemoglobin, Vitaminlar,
to‘yimli moddalar. Mineral moddalar, aminokislotalar.

WHEAT GRASS IS THE MOST SUITABLE FOOD FOR FEEDING
RABBITS

Abstract. The article describes the hydroponic cultivation of wheatgrass, its high
nutritional value, its growth within 7-10 days, then on the 10th day the grass is collected and
ground at a moderate temperature, due to which the nutrients in it do not decompose. It was found
that such wheatgrass retains its aroma, color and all the most necessary properties and is a priority
among rabbit feeds in terms of nutritional quality, as well as the possibility of growing such green
hydroponic feed throughout the year and in sufficient quantities, regardless of climatic conditions,
and its cultivation under favorable conditions using nutrient solutions, which is superior to other
grass and grain feeds in terms of the amount of vitamins in its composition. The introduction of
such food into the diet of rabbits from the age of 2 months has been found to moderate the clinical
and physiological indicators of the rabbit's body, to satisfy the rabbit's need for vitamins by 60-
70%, and to increase productivity by 20-30%.

Key words: Rabbit, wheat, chlorophyll substances, hemoglobin, vitamins, nutrients.
Minerals, amino acids.

Kirish. Respublikamizda quyonchilik sohasi eng istigobolli soha hisoblanadi va ushbu
sohani rivojlantirishda arzon va yuqori sifat hamda to‘yimlilik ko‘rsatkichlarga ega bo‘lgan
yangi oziga vositalarini izlab topish, aynigsa, noadekvat geo-ekologik, endemik va gigiyenik
sharoitlarda muhim hisoblanadi [1, 2, 3, 6, 8].

Bug‘doy maysasining iste’mol axamiyatini ta’kidlab zamonaviy tabobat asoschisi
Gippokrat “Yegulik dormonga aylansin”, deb juda to‘g‘ri aytgan. 1915 — yilda shifokor
Rixard Vilshatter xrolofillni ixtiro gilganligi uchun Nobel mukofotini ko‘lga kiritgan. 1930 —
yilda esa gemoglobinning kimyoviy tuzilmasini kashf gilgan shifokor Xans Fisher uning
xlorofillga deyarli o‘xshashligini isbotladi. Xlorofill qonga tushganida gemoglobinning
tuzilmasini oshirib, uni tiklaydi. Shuningdek, u organizm bo‘yicha kislorod yetkazib berishini
ta’minlab, turli xildagi yaralarning bitishiga hamda to‘qimalarning tiklanishiga yordam beradi
[4,5, 7]

Xlorofill — “yashil qon” deb atalib, yerdagi hayotning asosi hisoblanadi. Xususan,
o‘simliklarning yashil pigmenti quyosh nurini o‘ziga singdirib, uni organik moddalar
quvvatiga aylantiradi. Shu tarzda u butun tirik mavjudotni quyosh nuri bilan ta’minlab, har bir
hujayrani ushbu quvvat bilan to‘yintiradi[9, 12].
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Gemoglobin — hayvon gonining asosi bo‘lib, organizmni kislorod blan ta’minlaydi.
Hayvon qonining temir mavjud bo‘lgan qizil pigmenti kislorodni nafas olish a’zosi (o‘pka)dan
organizm to‘qimalariga yetkazib beradi. Ikki molekulaning o‘xshashligidan olimlar xlorofillni
“yashil qon” deb atashgan. Doktor Yenn Uigmor (1909-1994) tadgiqotlariga ko‘ra, bug‘doy
maysasining betakror davolovchi xususiyatlari aniqlandi. Shu tarzda bug‘doy maysasi
“yerdagi tabib” nomini olishga sazovor bo‘lgan [9,10].

Tadqgiqotning magqgsadi. Gidropon usulda yetishtirilgan bug‘doy maysasining
quyonlar organizmining klinik va fiziologik hamda gematologik kzrsatkichlariga ta’sirini
aniglash.

Tadgigotning vazifalari.

- quyonlar uchun gidropon usulida bug‘doy maysasi yaratish texnologiyasini ishlab
chigishga garatilgan tajribalar o‘tkazish;

- yetishtirilgan gidropon ko‘katning tarkibiy xususiyatlarini aniqlash;

- gidropon usulda yetishtirilgan bug‘doy maysasining quyonlarning klinik va
fiziologik ko‘rsatkichlariga ta’sirini aniqlash;

- gidropon usulda yetishtirilgan bug‘doy maysasining quyonlarning gematologik
ko‘rsatkichlariga ta’sirini aniqlash;

- gidropon usulda yetishtirilgan bug‘doy maysasining quyonlarning mahsuldorlik
ko‘rsatkichlariga ta’sirini aniqlash.

Tadqiqotning obyekti va uslublari. Bug‘doy maysasini o‘stirish texnologiyasini
takomillashtirish va uni quyonlarni oziqlantirishda qo‘llashga qaratilgan tajribalar 2016-2025
— yillar davomida Samarqand va Navoiy viloyatlari hamda Qoraqgalpog‘iston Respublikasining
quyonchilik fermalarida, Samargand davlat veterinariya meditsinasi, chorvachilik va
biotexnologiyalar universiteti “Hayvonlarni oziqlantirish va zoogigiyena” kafedrasi qoshidagi
“Oziqalarning kimyoviy tarkibini tahlil qilish” o‘quv  laboratoriyasida “Mega loyiha”
doirasida olib borildi.

Tajribalar davomida umumgabul qgilingan usullar yordamida gidropon usulda
tayyorlangan bug‘doy maysasining vitaminli va mineralli tarkibi, shuningdek, tajribadagi
quyonlarning klinik va fiziologik ko‘rsatkichlari, ulardan olingan qon namunalarining
morfologik hamda biokimviy ko‘rsatkichlari aniglab borildi. Tarozida o‘lchash orqali
quyonlarning tana vazni nazorat gilib borildi[1,11].

Tadqgiqotning natijalari. Tadqgiqotlar bug‘doy donini gidropon usulda
parvarishlashning 6-7 kunida maysa quyonlar uchun oziqga sifatida berish uchun tayyor bo‘lish
boshlanadi va 9-10 kunlarida to‘liq yetiladi. Gidropon usulda tayyorlangan  bug‘doy
maysasining namligi 89,9-96,9% ni, xususan, bu paytda 1 kg gidropon usulda yetishtirilgan
bug‘doy maysasi tarkibidagi A vitamini 0,06 mg, V6 vitamini 19,1 mg ni tashkil etdi.

Maysa o‘sishining 10- kunida uning har bir kilogrammidagi kalsiy miqgdori 26 mg,
temir 2,8 mg, natriy 4,8 mg, kaliy 130 mg, marganets 2,3 mg, rux 12 mg, mis — 12,5 mg,
kobalt 11,5 mg, selen 0,21 mg, oltingugurt 72 mg, yod 1,7 mg va magniy 0,6 mg ni,
aminokislotalardan asparagin 100 mg, treonin 78 mg, serin 110 mg, prolin 160 mg, glitsin 120
mg, alanin 156 mg, sistein 0,01 mg, valin 110 mg, metionin 220 mg, fenilalanin 77 mg,
gistidin 185 mg, lizin 185 mg, argenin 170 mg ni tashkil etishi aniglandi.

& —

1-rasm. Gidropon maysasini laboratoriyada 2- rasm.Tajriba quyonlarini tekshirish
o‘stirish jarayoni jarayoni
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Gidropon bug‘doy maysasi energetik jihatdan ham eng to‘yimli oziqa hisoblanadi,
Xususan, uning har bir kilogrammi tarkibidagi proteinlarning umumiy miqdori 36 ¢,
uglevodlar 32 g, yog‘lar 4,27 g, kletchatka 25,2 g, xlorofil 1,16 g va umumiy energetik
giymat 296,6 kkal ni tashkil etadi.

Ikki oylikdan katta quyonlarga gidropon usulda o‘stirilgan bug‘doy maysasining
asosiy oziga sifatida 30 kun davomida berilishi quyonlar klinik va fiziologik faoliyatining
yaxshilanishi va tana vaznining nazoratga nisbatan 20-30 % ga yuqori bo‘lishi bilan
birgalikda modda almashinuvi aniglandi. Bunda tajriba oxiriga kelib tajribadagi quyonlar
gonidagi eritrotsitlarning nazoratga nisbatan 15 %, gemoglobinning — 22 %, umumiy
ogsilning 18 %, glyukozaning 30 % ga yuqori bo‘lishi kuzatildi.

Gidropon bug‘doy maysasining yil davomida berilishi, quyonlarda raxit,
osteodistrofiya, gastroenterit, kamqonlik, jigar distrofiyasi va boshqga kasalliklar bilan
kasallanish darajasining 15-25 % ga pasayishini ta’minlashi tadqiqotlarda aniglandi.

3-rasm. SamDVMCHBU bilan AQSH 4-rasm. Quyonchilik fermasida ilmiy

Minisota universiteti o‘rtasida milliy jarayonidan lavxa

hamkorlik tadgiqot ishlari olib borilmogda

Xulosa. 1. Quyonlarning 2 oylik davridan boshlab ratsionga asosiy oziga sifatida
gidropon usulda yetishtirilgan bug‘doy maysasining berilishi quyonlar organizmining
klinik va fiziologik ko‘rsatkichlarining mo‘tadillashishi hamda oqgsillar, vitaminlar va
mineral moddalar almashinuvi buzilishlarining oldini oladi.

2. Gidropon usulda tayyorlangan ozigalar quyidagi afzalliklarga ega:

-iqlim shart sharoitlariga bog‘liq bo‘lmagan holda yil davomida va yetarli
miqgdorda yashil gidroponik oziga yetishtirish imkonining mavjudligi;

-gidropon oziqalar tarkibidagi vitaminlarning miqdoriga ko‘ra ot va donli oziqalar
ustun turishi;

3. Quyonlar ratsioniga gidropon usulda tayyorlangan bug‘doy maysasining
belgilangan tartib va miqdorlarda kiritilishi quyonlarning vitaminlarga bo‘lgan extiyojini
60-70% gacha qondiradi, quyon organizmining klinik va fiziologik ko‘rsatkichlarini
yaxshilaydi, qonning morfologik hamda biokimviy ko‘rsatkichlarini mo‘tadillashtiradi,
mahsuldorlikni 20-30% ga oshirish imkonini beradi.
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Annotatsiya. Ushbu maqolada dunyo miqyosidagi allergen anemofil florani o‘rganish
bo‘yicha amalga oshirilgan hamda aeropalinologik tadqiqotlarning xronologik rivojlanishining
giyosiy tahlili keltirilgan. Unda Shimoliy Amerika (asosan AQSH), Yevropa (Buyuk
Britaniya, Germaniya, Fransiya, Polsha, Ispaniya va boshgalar), Rossiya, Avstraliya, Afrika,
hamda Osiyo (Yaponiya, Xitoy, Hindiston), Markaziy Osiyo kabi geografik hududlar gamrab
olingan. Aeropalinologiya sohasidagi tadqiqotlar jahon bo‘yicha turlicha bosqichlarda
rivojlanib, Shimoliy Amerika va Yevropa yetakchi o‘rinni egallaganligi, Rossiya va Markaziy
Osiyoda tadqiqotlar keyinroq boshlangan, ammo so‘nggi yillarda rivojlanish sur’ati
oshayotganligi, Sharqiy Osiyo mamlakatlari zamonaviy texnologiyalarni jadal qo‘llashda
yetakchilik qilayotganligi aniqlangan. O‘zbekistonda aeropalinologiya so‘nggi o‘n yilliklarda
rivojlanayotganligi, lekin ilmiy infratuzilma va ragamli monitoringni rivojlantirish zarurligi,
jahon tajribasi O‘zbekiston uchun katta imkoniyatlarni ochishi va sohani takomillashtirishda
muhim o‘rin tutishi to‘g‘risida xulosa qilingan.

Kalit so‘zlar: anemofil, allergen, aeropalinologiya, gulchang, geografik hududlar,
giyosiy tahlil.

RESEARCH AND WORLD EXPERIENCE ON ALLERGENIC ANEMOPHILE
TAXONS AND AEROPALYNOLOGY IN UZBEKISTAN

Abstract. This article presents a comparative analysis of the chronological
development of aeropalynological research and the study of allergenic anemophilous flora on
a global scale. It covers geographic regions such as North America (primarily the USA),
Europe (the United Kingdom, Germany, France, Poland, Spain, and others), Russia, Australia,
Africa, as well as Asia (Japan, China, India) and Central Asia. It has been established that the
development of aeropalynology varied across countries: North America and Europe have
taken leading positions, whereas research in Russia and Central Asian countries began later,
but the pace of development has increased in recent years. East Asian countries are actively
applying modern technologies and are at the forefront of the field. In Uzbekistan,
aeropalynology has started to develop over the past decades; however, there is a need to
strengthen scientific infrastructure and implement digital monitoring systems. It is concluded
that global experience opens up broad opportunities for Uzbekistan and plays a significant role
in advancing this scientific field.

e
166



mailto:yoziyevl.@mail.ru
mailto:komronzilola1994@gmail.com

QarDU xabarlari BIOLOGIYA 2025 3(2)
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Kirish. Bugungi kunda global iqlim o‘zgarishi, atrof-muhitning ifloslanishi va
allergik kasalliklar ko‘payishi kabi muammolar inson salomatligi hamda ekologik
bargarorlik uchun jiddiy tahdid solmoqgda [1]. Polllinoz — bu tananing o'simlik
gulchanglariga sezgirligidan kelib chiqadigan allergik kasallik. Juda ko‘p odamlar bu
kasallikdan aziyat chekishadi. Masalan, Rossiya aholisining taxminan 20-30%, janubda -
25-30% va Krasnodar o'lkasida - 40% dan ko'prog‘ida pollinoz uchraydi [2]. Ushbu
kasallikni oldini olish, diagnostika qilish, dori vositalari va davolash choralarini ishlab
chigish uchun dastlab hududlardagi anemofil florani, undagi allergen gulchang hosil
qiladigan o‘simliklar taksonomiyasini, ularni gullash fenologiyasini, havodagi allergen
gulchanglar konsentratsiyasi dinamikasini o‘rganish va molekulyar daraja tadqiqotlarni
amalga oshirish zarur.

Aeropalinologiya — ya’ni atmosferadagi o‘simlik gulchanglarini o‘rganish sohasi —
butun dunyoda muhim tadqiqot yo‘nalishlaridan biriga aylanmoqda. Aeropalinologiya
nafagat allergik kasalliklarni oldini olish, balki agrometeorologiya, ekologiya va
urbanistika kabi sohalarda ham katta ahamiyatga egadir [3, 4].

Jahon bo‘ylab AQSH, Germaniya, Fransiya, Yaponiya, Polsha, Hindiston va
boshga ko‘plab davlatlarda bu yo‘nalishdagi ilmiy tadqiqotlar keng miqyosda va yuqori
texnologik asosda amalga oshirilmoqda. Har bir mamlakat o‘z tabiiy-iglimiy sharoiti va
ehtiyojlariga garab maxsus gulchang monitoring tizimlarini joriy etgan. Masalan, Yevropa
davlatlarida Pollen Monitoring Network, Yaponiyada Aeroallergen Monitoring sistemasi,
AQShda National Allergy Bureau faoliyat yuritadi (5). Ushbu mamlakatlarda allergen
anemofil florani o‘rganish va aeropalinologik tadqiqotlar uzoq yillik ilmiy tajribaga ega
bo‘lib, yuqori texnologik uskunalar va zamonaviy tahlil usullari yordamida olib
borilmoqda. O‘zbekistonda esa bu yo‘nalish keyingi yillarda shakllana boshlagan bo‘lib,
hali ham yetarlicha kompleks yondashuvga muhtoj.

Ushbu magolada turli mamlakatlardagi allergen anemofil florani o‘rganishga doir
va aeropalinologik tadqiqotlar tahlil qilinib, ularning o‘zaro umumiy va farqli jihatlari
ko‘rsatiladi. Maqolada asosiy e’tibor — dunyo tajribasini o‘rganish orqali bu sohaning
global rivojlanish tendensiyalari va ilmiy yondashuvlarini aniglashga qgaratilgan. Bu tahlil
orqali kelajakdagi tadqiqotlar uchun ilmiy asos yaratish imkoni paydo bo‘ladi.

Material va metodlar. Ushbu magolada dunyo migyosidagi aeropalinologik
tadgiqotlarning xronologik rivojlanishi tahlil gilindi. Tadgiqot obyektlari sifatida quyidagi
geografik hududlar gamrab olindi: Shimoliy Amerika (asosan AQSH), Yevropa (Buyuk
Britaniya, Germaniya, Fransiya, Polsha, Ispaniya va boshqgalar), Rossiya, Avstraliya,
Afrika, hamda Osiyo (Yaponiya, Xitoy, Hindiston) va Markaziy Osiyo mamlakatlari.

Ma’lumotlar manbalari sifatida so‘nggi 125 yil ichida chop etilgan Scopus, Web of
Science (Wo0S), PubMed bazalarida indekslangan magolalar, monografiyalar, gulchang
monitoring markazlari va agentliklari hisobotlaridan foydalanildi.

Tadgigot metodologiyasi quyidagilarga asoslandi: xronologik tahlil — har bir
mintaqada allergen anemofil florani o‘rganish va aeropalinologiya sohasidagi ilk
tadqgiqotlardan to hozirgi kungacha bo‘lgan ilmiy yutuqlar tartib bilan tasniflandi; qiyosiy
tahlil — mintaqalar o‘rtasidagi metodik, texnologik va tashkiliy jihatlar tahlil qilindi. Har
bir hudud uchun ilmiy ma’lumotlar dastlabki tadqiqot sanasi, qo‘llangan metodika,
ishlatilgan asbob-uskunalar, muhim natijalar, hamda muvaffaqgiyat va cheklovlar asosida
xronologik tartibda 5 bosqichga bo‘lindi va bosqichlarga nom berildi. Har bir hududdagi
rivojlanish bosqichlari muddatiga ko‘ra baholandi.

Natijalar va muhokama. Tadgigot davomida 1900-2025 yillar oralig‘ida Scopus,
Web of Science, va PubMed bazalarida indekslangan magolalar, shuningdek
monografiyalar, gulchang monitoring markazlari va agentliklarning hisobotlari o‘rganildi.
Xronologik tahlil natijasida Shimoliy Amerika, Yevropa, Rossiya, Avstraliya, Afrika,
Osiyo va Markaziy Osiyo mamlakatlarida allergen anemofil flora va aeropalinologiyaning
rivojlanish bosgichlari quyidagicha shakllantirildi:
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I-dastlabki bosqgich — anemofil florani o‘rganish, allergen anemofil o‘simliklar va
allergik kasalliklar o‘rtasidagi bog‘liqlikni aniglash davri;

I1- tizimli tadgiqotlar bosgichi — gulchanglarni sodda usulda tutish, ularni
identifikatsiya qilish orqgali allergen gulchang targalish mavsumi va asosiy allergenlarni
aniglash davri;

I11- jadal tadgigotlar bosgichi — gulchang qopqoni, atlaslarni nashr etilishi va
immunologik usullar davri;

IV- yuksalish va geografik kengayish bosqichi — Ill-bosqich tadgiqotlariga
molekulyar biologiya metodlarining qo‘shilishi va xalqaro hamkorlik davri;

V — zamonaviy metodlar va innovatsiyalar - ragamli monitoring va bashoratli
modellar davri.

Shimoliy Amerika (AQSH) aeropalinologik tadgiqotlarda yetakchi mintaga
hisoblanadi. Bu yerda I-bosgich 1910-yillarda boshlangan bo‘lsa, 1930-50 yillarda I1-
bosqgichga, 1950-1980 vyillarda Ill-bosqichga o‘tilgan. XX asr oxiri XXI asr boshidan
boshlab V-V bosgichlar tezkorlik bilan rivojlandi. Bugungi kunda AQSHda molekulyar
darajadagi allergen diagnostikasi, ragamli monitoring, real vaqgtli bashorat modellari va
sun’iy intellekt asosida ishlovchi tizimlar mavjud [6, 7, 8].

Jadval

Turli geografik hududlarda allergen anemofil taksonlarni aniqglash va aeropalinologiya
tadqgiqotlarining xronologik rivojlanish bosqgichlari

Mamlakatlar 1900- 1930- 1950- 1980- 1990-2010 2010 -
1930 1950 1980 1990 hozirgi
kungacha
Shimoliy Amerika [ I 11l [\ V-V IvV-v
Yevropa - I- 11 -1 i V-V v-v
Rossiya - | I-11-111 I-11- 111 "ni-1v-v v-v
Shargiy Osiyo - [ 1 - 1v "n-1v-v v-v
Auvstraliya - - I-11 - 1v - 1v v-v
Afrika - - [ I-11 I-11-111 - 1-1v
Qozog‘iston, - - | I-11 I-11 - 1v
Qirg‘iziston
O‘zbekiston - I I- 11 I-11 I-11-111

Yevropa davlatlarida I-bosgich 1930-yilda boshlangan. 1950-yilgacha I1-
bosgich boshlangan, 11- va Ill-bosgichlar 1960-1980 yillarda kuchaygan. 1990-yildan
keyin IV-bosqichga o‘tilgan bo‘lib, ko‘plab davlatlarda yillik gulchang atlaslari nashr
gilingan. 2000-yildan boshlab esa ragamli monitoring va bashorat tizimlari (V-
bosqgich) joriy etilgan [5, 9, 10, 11].

Rossiyada 1930-1950-yillarda dastlabki kuzatuvlar va flora ro‘yxatlari (I-
bosgich) shakllantirilgan, laboratoriya sharoitida mikroskopik tahlillar va mahalliy
monitoring ishlari (11-I11 bosgichlar) 1950-1980 — vyillarda amalga oshirilgan. 1980-
1990 - yillarda 1l1-111 bosgichlar kengaygan, ayrim joylarda immunologik usullar sinov
tariqasida qo‘llanilgan. 1990-2010 - yillarda cheklangan bo‘lsa-da, molekulyar
tadqgiqotlar va kompyuterli monitoring yo‘lga qo‘yilgan (III-IV-V bosqichlar). 2010-
hozirgi kungacha IV-V bosqgichlar rivojlanmogda, ammo ayrim hududlarda metodik
kamchiliklar mavjud [12, 13, 14].

Osiyo mamlakatlaridan Yaponiya, Xitoy, Hindistonda 1930-1950 —yillarda I-
bosgich — fundamental floristik tadgiqotlar asosida boshlangan. 11 bosgich — anemofil
o‘simliklarning gullash fenologiyasi va allergen gulchanglar tarqalishining mavsumiy
dinamikasi tahlillariga qaratilgan tadgiqotlar 1950-1980 — yillarda amalga oshirilgan.
1980-1990 - vyillarda 1111V bosgich — molekulyar va immunologik usullar tatbiq etila
boshlagan. 1990 yildan hozirgi kungacha IV-V bosgich — sun’iy intellekt asosidagi
monitoring tizimlari va bashorat modellariga o‘tilmoqda. Yaponiya va Xitoyda molekulyar
metodlar asosida allergen o‘simliklarni aniqlash va hududiy monitoring tizimlari mavjud
[10, 15, 16, 17]

Avstraliya va Afrikada bu boradagi tadgigotlar nisbatan kech boshlangan.
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Avstraliya V bosqichga yaginlashgan bo‘lsa, Afrikaning ko‘pchilik hududlarida I1-I1lI
bosgichda qolmoqgda. Asosiy muammo — malakali mutaxassislar, texnik baza va bargaror
monitoring tizimlarining yetishmasligi [18, 19, 20].

Qozog‘iston va Qirg‘izistonda 1950-1980 — vyillarda I-bosgich — fundamental
botanik izlanishlar asosidagi tadgiqotlar amalga oshirilgan. 1990-2010 - vyillarda I
bosgich — mavsumiy allergen monitoring ishlari yo‘lga qo‘yilgan. III-IV bosgich —
zamonaviy laboratoriyalar tashkil etilgan, xalgaro maqolalar chop etila boshlangan [21,
22, 23].

O‘zbekistonda anemofil flora va allergen o‘simliklarni o‘rganish II-bosgichda
turibdi. Ayrim yirik shaharlarda (masalan, Toshkent, Samargand) aeropalinologik
monitoring ishlari yo‘lga qo‘yilgan bo‘lsa-da, 1V-V bosqgichlarga o‘tish uchun texnik va
tashkiliy salohiyat cheklangan. Ammo so‘nggi yillarda ilmiy faollik ortib bormoqda [23].

Tadqiqot natijalariga ko‘ra, aeropalinologiya sohasidagi rivojlanish bosqichlari
mintaqalar bo‘yicha sezilarli farqlarga ega ekanligi aniglandi.

Shimoliy Amerika, aynigsa AQSH, mazkur sohada ildamlikni ko‘rsatgan hudud
sifatida ajralib turibdi (rasm). Bu yerda XX asrdan boshlab aniq tadgiqgotlar olib borilgan,
shu sababli ayni damda zamonaviy molekulyar biologiya va ragamli monitoring usullari
keng qo‘llanilmoqda. Bu mintagada ilmiy infratuzilma, laboratoriyalar va xalqaro
hamkorlik juda yugori darajada rivojlangan.

v —

1910 1520 1940 1950 1970 1980 1950 2000 2010 2020

0O AQSH B Yevropa @ Shargiy Osiyo B Rossiya
O Qozog'iston O Avstraliya B Afrika O O‘zbekiston

Rasm. O‘zbekistonda va xorijda aeropallinologiya rivejlanishining qiyosiy xronologiyasi

Yevropa mamlakatlarida 1930-yillardan boshlab anemofil florani aniglash va
monitoring ishlari tizimli yo‘lga qo‘yilgan. Yevropa mintagasida ham aeropalinologiya
tadqiqotlari 20 asr o‘rtalarida tizimlashtirilgan va so‘nggi 30 yil ichida molekulyar va
ragamli texnologiyalarni joriy gilishda katta yutuglarga erishilgan. Yevropa va Shimoliy
Amerika o‘rtasidagi rivojlanish bosqichlari o‘xshash bo‘lib, ular xalqaro ilmiy almashinuv
va texnologiyalarni joriy gilishda bir-biriga ta’sir ko‘rsatgan.

Rossiya va Markaziy Osiyo mamlakatlari (xususan, Qozog‘iston va Qirg‘iziston)da
aeropalinologiya tadgigotlari asosan 1950-yillardan boshlab faollashgan. Ammo ularning
ilmiy rivojlanishi Shimoliy Amerika va Yevropa bilan taqgoslaganda keyinroq va gisman
cheklangan bo‘lib qolgan. Rossiyada 1990-yillardan boshlab molekulyar usullar va
xalqaro hamkorlik faollashgan bo‘lsa-da, ba’zi mahallly muammolar va resurs
yetishmasligi ilmiy jarayonni sekinlashtirgan. Markaziy Osiyodagi mamlakatlarda esa
tadqiqotlar jadal sur’atda rivojlanayotganiga qaramasdan, hali ham ragamli monitoring va
yugori texnologiyalar keng targalmagan.

Shargiy Osiyo va (Yaponiya, Xitoy) Hindistonda aeropalinologiya tadgigotlari
1930-yillarda boshlangan bo‘lib, 1980-yillardan boshlab yuqori texnologiyalar, shu
jumladan molekulyar biologiya va immunologiya usullari faol qo‘llanila boshlagan. Xitoy,
Yaponiya va Koreyada so‘nggi yillarda ragamli monitoring va prognoz modellari tizimi
joriy etilmoqda, bu mintaqani xalqaro miqyosda yetakchi hududlar qatoriga qo‘ymoqda.

Avstraliya va Afrikada esa aeropalinologiya tadgigotlari biroz kech boshlangan va
aynigsa Afrikada ushbu sohadagi tadgiqotlar hanuz chegaralangan. Avstraliyada 1950-
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yillardan boshlab tadqiqotlar amalga oshirila boshlagan bo‘lsa, Afrikada ushbu jarayon
so‘nggi 30 yilda faollashgan. Bu mintaqalarda ham molekulyar va ragamli
texnologiyalarni joriy etish bo‘yicha harakatlar davom etmoqda.

O‘zbekistonda aeropalinologiya tadqiqotlari boshlanishi 1950-yillarga to‘g‘ri
keladi, ammo ilmiy tadqiqotlar tizimlashtirilishi va kengayishi so‘nggi 20-30 vyilda
kuzatilmogda. Buning sababi sifatida ilmiy infratuzilmaning yetishmasligi, malakali
mutaxassislar sonining kamligi va zarur asbob-uskunalarning cheklanganligi ko‘rsatilishi
mumkin. Shu bilan birga, mahalliy iglim va geografik sharoitlarga moslashgan, zamonaviy
va integrativ tadqiqotlar olib borish uchun imkoniyatlar paydo bo‘lmoqda.

Jahon tajribasidan kelib chiqib, O‘zbekistonda aeropalinologiya sohasida yuqori
texnologiyalar, xususan, molekulyar diagnostika, ragamli monitoring tizimlari va xalgaro
hamkorlikni kuchaytirish muhim vazifa hisoblanadi. Bu esa nafagat ilmiy salohiyatni
oshirishga, balki allergik kasalliklarni profilaktika va davolashda samarali choralarni
ishlab chigishga ham xizmat giladi.

Xulosa. Aeropalinologiya sohasidagi tadgiqotlar jahon bo‘yicha turlicha
bosqichlarda rivojlanib, Shimoliy Amerika va Yevropa yetakchi o‘rinni egallaydi. Rossiya
va Markaziy Osiyoda tadqiqotlar keyinroq boshlangan, ammo so‘nggi yillarda rivojlanish
sur’ati oshmoqda. Sharqiy Osiyo mamlakatlari zamonaviy texnologiyalarni jadal
qo‘llashda yetakchi hisoblanadi. Avstraliya va Afrikada esa soha hanuz rivojlanish
bosqichida. O‘zbekistonda aeropalinologiya so‘nggi o‘n yilliklarda rivojlanmoqda, lekin
ilmiy infratuzilma va ragamli monitoringni rivojlantirish zarur. Jahon tajribasi
O‘zbekiston uchun katta imkoniyatlar ochadi va sohani takomillashtirishda muhim omil
bo‘ladi.
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Annotatsiya. Magolada Laurus nobilis L. ning farmakologik faolligini o‘rganish bo‘yicha
olingan ilmiy natijalar keltirilgan manbaalar tahlili keltirilgan. Hujjatli metoddan foydalanilib,
o‘simlik tarkibidagi birikmalarning biologik va farmakologik faolligini o‘rganishga bag‘ishlangan
oxirgi 25 yil ichida nufuzli halgaro jurnallarda chop etilgan tadgigotlar ajratib olingan. Ushbu
tadgigot natijalari tizimli, tizimli-mantigiy metodlardan foydalanilib monitoring gilingan.
O‘simlikning shifobaxshlik xususiyatlari yetarlicha tadqiq qilinganligi, o‘simlikdan ajratib olingan
efir moylari va fenol birikmalarining antibakterial, antioksidantlik, antidiabetik, saratonga va
yallig‘lanishga qarshi xususiyatlari isbotlanganligi aniqlangan. Denov sharoitida o‘sgan
o‘simliklardan terilgan barglar tarkibidagi efir moylarida 38 ta komponent mavjudligi, bargning
shifobaxshligini ta’minlovchi Eucalyptol barcha komponentlarning 25,95%ini tashkil qilishi
aniqlangan. Bu ko‘rsatkich ushbu o‘simlik barglarining shifobaxshlik xususiyatga ega ekanligini
bildirishi ta’kidlangan.

Kalit so‘zlar: Laurus nobilis, barg, meva, efir moyi, farmakologiya, tibbiyot,
antibakterial, antioksidant, antidiabetik, saratonga garshi

ANALYSIS OF PHARMACOLOGICAL ACTIVITY OF LAURUS NOBILIS L.

AND PROSPECTS OF ITS CULTURING IN THE CITY OF DENAU

Abstract. The article presents an analysis of the sources of scientific results obtained in the study of
the pharmacological activity of Laurus nobilis L. Using the documentary method, studies published in
prestigious international journals over the past 25 years devoted to the study of the biological and
pharmacological activity of plant compounds were selected. The results of this study were controlled using
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systemic, systemic-logical methods. It was established that the medicinal properties of the plant are
sufficiently studied, antibacterial, antioxidant, antidiabetic, anticancer and anti-inflammatory properties of
essential oils and phenolic compounds isolated from the plant have been proven.It has been established that
essential oils contained in the leaves collected from plants grown in the conditions of Denau (Uzbekistan)
contain 38 components, and Eucalyptol, which provides the medicinal properties of the leaves, makes up
25.95% of all components. It is emphasized that this figure indicates the presence of medicinal properties in
the leaves of this plant.

Keywords: Laurus nobilis, leaf, fruit, essential oil, pharmacology, medicine, antibacterial,
antioxidant, antidiabetic, anticancer

Kirish. Bugungi kunda farmatsevtika sanoati ishlab chigarayotgan juda ko'p
miqdordagi antibiotiklar, sintetik vitaminlar, sifatsiz ishlab chiqgarilayotgan sintetik dori
mahsulotlari insonlar salomatligiga salbiy ta’sir ko‘rsataérrannuru ca6abmu (1, 2).
kasalliklarni davolash uchun muqobil bo‘lgan davolash turlariga, jumladan fitoterapiyaga
talab ortib bormoqda. Fitoterapiyaga davolashning eng gadimiy usullaridan biridir. Ko'p
asrlik tabily xom ashyolardan foydalanish tajribasi tufayli ko‘pgina o'simliklarning faol
komponentlari dori mahsulotlarini yaratish uchun asos bo'lib xizmat gilmoqgda (2, 3).
Farmatsevtika sanoati organizmni biologik faol moddalar bilan ta'minlaydigan va xavfsiz
foydalanish imkonini beradigan ozig-ovgat mahsulotlari sifatida foydalanish mumkin
bo‘lgan dorivor o'simliklarni ham gqamrab olmoqda (4). Shunday dorivor mahsulotlardan
biri Laurus nobilis L.ning barglari va mevalari hisoblanadi. Subtropik kelib chigishga ega
bo‘lgan ushbu tur o‘tgan asrning 70-yillarida Janubiy O°‘zbekistonga introduksiya
gilingan.

O‘zbekiston janubiy shaharlarining iglim sharoiti introdutsentlar uchun ayrim
noqulayliklarga ega. Qishning ayrim yillari o‘ta sovuq kelishi o‘simlik yer ustki
organlarining nobud bo‘lishiga, yozda quruq shamollarning esishi, haroratning 50°C dan
oshib ketishi, havo nisbiy namligining 5% gacha tushib ketishi introdutsentlarni o‘sish va
rivojlanish maromida gator o‘zgarishlar sodir bo‘lishiga sabab bo‘ladi (5, 6, 7). Shunga
qaramay, subtropik kelib chiqishga ega bo‘lgan L. nobilis Surxondaryo viloyatining
Denov shahrida o‘tgan asrning 70-yillaridan buyon o°‘stiriladi, ammo, respublikamizda
undan fagatgina xushbuy ziravor sifatida foydalaniladi. Shunga ko‘ra, ushbu o‘simlik
tarkibidagi biologik faol birikmalarni, uning farmakologik faolligini o‘rganish bo‘yicha
olingan ilmiy natijalar keltirilgan manbaalarni ko'rib chigish va tahlil gilish magsad
gilindi.

Tadqgigot metodologiyasi. Laurus nobilis L. (ajoyib lavr, naBp Giaropojansiii) —
lavrdoshlar (Lauraceae) oilasi, lavr (Laurus L.) turkumiga mansub subtropik daraxt yoki
buta hayotiy shakliga ega bo‘lgan doim yashil o‘simlik. Ko‘pchilik manbalarda uning
vatani sifatida O‘rtayerdengizi mamlakatlari, Kavkazoldi va Kichik Osiyoning
qirg‘ogbo‘yi hududlari ekanligi keltirilgan (8, 9, 10). Ko‘pqirrali xo‘jalik ahamiyatga
egaligi, barglari Ba mevalarining inson organizmi uchun bezarar ekanligi, manzaraliligi va
shifobaxsh tarkibi tufayli keng targalgan.

Qo‘yilgan maqgsadga erishish uchun dastlab hujjatli metoddan foydalanilib,
o‘simlik tarkibidagi birikmalarning biologik va farmakologik faolligini o‘rganishga
bag‘ishlangan oxirgi 25 yil ichida chop etilgan tadqiqotlar ajratib olindi. Ushbu tadqgiqot
natijalari tizimli, tizimli-mantigiy metodlardan foydalanilib monitoring qilindi.

Denov shahri sharoitida o‘sgan o‘simlik bargidagi efir moylari migdorini aniglash
magsadida Klevenjer apparatida 3 soat davomida barglardan gidrodistillyatsiya usulida
100 g distillyat olindi va undan efir moyini ajratib olish uchun dixlormetan bilan
ekstraksiya gilindi. Olingan efir moyi suvsiz natriy sulfat yordamida quritildi. Olingan efir
moyi tajribaga gadar shisha idishda -4°Cda qorong’i joyda saqlandi. Efir moylarining
miqdori 1.2% ni tashkil etadi. Olingan efir moylari Agilent 5975C inert MSD/7890A GC
xromato-mass-spektrometrida tahlil qilindi. Komponentlarni ajratish Agilent HP-
INNOWax kolonkasida 600JC (2 min) — 4°C/min dan 220°C (10 min) — 1°C/min dan
240°C (10 min) gacha harorat rejimida amalga oshirildi. Komponentlar xromato-mass-
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spektrometrik bo'yicha elektron kutubxonalar ma'lumotlari bilan mass spektrlarini
taggoslash asosida identifikatsiya gilindi.

Natijalar va muhokama. L. nobilis dan respublikamizda asosan xushbo‘y ziravor
sifatida foydalaniladi. Vaholangki, o‘simlikning shifobaxshlik xususiyatlari qator
tadgiqotlarda aniqlangan. O‘simlik ajratadigan efir moylari havodagi kasallik
qo‘zg‘atuvchi bakteriyalarga halokatli ta’sir ko‘rsatishi (13, 14) (rasm), uning
bakteritsidlik xususiyati limon, evkalipt va kiparisnikiga nisbatan yugori ekanligi (12, 13)
aniqlangan va o‘simlikdan odam ko‘p yig‘iladigan tashkilotlarni ko‘kalamzorlashtirishda
foydalanish tavsiya gilingan (14).

Tadgiqotlar L. nobilis ning antioksidantlik va saratonga qarshi xususiyatini
tasdiqlagan (14, 15, 16, 17, 18). O‘simlikdan tayyorlangan ekstraktning Phytophthora
infestans (Mont.) zamburug® mitseliylarining o‘sishiga to‘sqinlik qilishi uning
zamburug‘larga qarshi faolikka ega ekanligidan dalolat beradi (19). Olimlar guruhi
o‘simlikning mikroblarga, viruslarga va yallig‘lanishga, diabetga va saraton hujayralariga
qarshi ta’sirga egaligini, uning farmakologik faolligi tarkibidagi shifobaxsh birikmalardagi
komponent turlari va miqdoriga bog‘ligligini aniglashgan (21, 22, 23). O‘simlikdan
tayyorlangan ekstraktning yo‘g‘on ichak saratoniga qarshi faolligi isbotlab berilgan (24).
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m Tibbiyotdagi ahamiyati (*-Oshqozon ichak trakti)
Rasm. Laurus nobilis L.ning shifobaxshlik xususiyatlari va ularni ilmiy maqolalarda e’tirof etilish
takroriyligi

O‘simlik tarkibidagi fenol birikmalar antioksidant va antiradikal faollikka egaligi,
azot oksidini, natriy-kaliy adenozintrifosfatazani, saraton hujayralari ayrim liniyalari
(HeLa, MCF7, NCI-H460 u HCTI15)ni ingibirlashi, grammmusbat va grammmanfiy
bakteriyalarga halokatli ta’sir ko‘rsatishi anigqlangan (23, 25). Y.Ye. Polousova va
boshgalar tomonidan L. nobilis barglaridagi flavonoidlar gipoglikemik, insulinoprotektor
ta’sirga egaligi ham aniglangan (23).

O‘simlikdan ajratib olingan efir moyidan tayyorlangan dori sedativ, og‘riq
goldiruvchi, antiseptik, dezinfeksiyalovchi va yallig‘lanishga garshi, shuningdek, umumiy
va yuz falajligining og‘ir hollarida samarali qo‘llaniladi. Mevalaridan ajratib olingan
moydan teri toshmalarida, mushaklarning og‘rishi, shamollashi, cho‘zilishi va falajligida
mabhalliy qo‘llaniladi (26).

O‘simlikdan olingan efir moyining antioksidantlik, diabetga, qusishga,
yallig‘lanishga va mikroblarga garshi (10, 11, 27, 28), antimutagen, yaralarni, og‘riglarni
goldiruvuvchi, immunitetni mustahkamlovchi, hashoratlar zahriga, talvasaga (10, 11)
oshqozon yarasiga qarshi, shuningdek, neyroprotektor xususiyatlarini o‘rganish asosida
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uning yugori biologik va farmakologik faollikka ega ekanligi aniglangan (10).

L. nobilis bargidan ajratib olingan seskviterpen laktonlarning gandli diabetga
qarshi ta’sir ko‘rsatishi, umumiy xolesterin, B-lipoproteid va insulin migdorini meyorga
keltirishi, silga garshi va gipoglikemik faolikka ega ekanligi aniglangan (29).

L. nobilis ning shifobaxshlik xususiyatlari ular tarkibidagi efir moylarining
komponentlari hisobiga ta’minlanadi. 2024-yil kuz oyida Denov sharoitida o‘sgan
o‘simliklardan terilgan barglar tarkibidagi efir moylarining komponentlari miqdorini
kimyoviy tahlillari natijasida efir moyining tarkibida 38 ta komponent mavjudligi
aniglandi (jadval). Ulardan Eucalyptol (25,95%), (R)-1-methyl-5-(1-
methylvinyl)cyclohexene (14,06%), Sabinen (7,81%), a-Selinene (5,79%), 3-Carene
(4,81%), Gazaniolide (4,34%), a-Terpineol (4,06%), y-Terpinene (3,77%), [-Pinene
(3,59%), Methyleugenol (2,76%), vy-Gurjunene (2,44%), Myrcene (2,09%),
Alloaromadendrene (1,88%), y-Muurolene (1,46%), Acetic acid, bornyl ester (1,29%) kabi
moddalar nisbatan ko‘p miqdorda uchradi. Sanab o'tilgan moddalarnig umumiy miqdori
summaga nisbatan 86,10 % ni tashkil qildi, 8,12 % esa umumiy summaga nisbatan miqgdor
jihatidan 1% dan kam uchraydigan moddalar tashkil gildi.

Xulosa. Laurus nobilis L.ning shifobaxshlik xususiyatlari kenggamrovli bo‘lib,
o‘simlikdan ajratib olingan efir moylari va fenol birikmalarining antibakterial,
antioksidantlik, antidiabetik, saratonga va yallig‘lanishga qarshi xususiyatlari yetarlicha
tadqiq qilingan. Denov sharoitida o‘sgan o‘simliklardan

Jadval
Lavr bargining kuzgi fazasidagi efir moylarini tarkibiy gismlari
Ne Birikmalar RI* RT** Miqdori, %
1 | B-Pinene 1068 1.807 3.59
2 | Sabinen 1083 1.891 7.81
3 | Myrcene 1120 2.214 2.09
4 | a-Thujene 1125 2.273 0.78
5 | a-Terpinene 1143 2.389 0.71
6 | Eucalyptol 1160 2.674 25.95
7 | B-Ocimene 1190 3.010 0.34
8 | y-Terpinene 1200 3.127 3.77
9 | Terpinolene 1202 3.211 0.59
10 | p-Cymene 1206 3.392 0.26
11 | Fenchone 1256 5.488 0.23
12 | 3-Carene 1372 9.207 4.81
13 | Acetic acid, bornyl ester 1393 9.744 1.29
14 | o-Selinene 1425 10.617 5.79
15 | 2-Undecanone 1435 10.889 0.36
16 | 0-Cymene 1439 10.986 0.29
17 | Cyclohexane 1459 11.542 0.92
18 | B-Maaliene 1464 11.685 0.20
19 | Camphene 1483 12.183 0.48
20 | a-Humulene 1490 12.390 0.36
21 | (R)-1-methyl-5-(1- 1510 12.914 14.06
methylvinyl)cyclohexene
22 | a-Terpineol 1512 12.972 4.06
23 | y-Muurolene 1531 13.463 1.46
24 | Eremophilene 1537 13.625 0.30
25 | y-Gurjunene 1550 13.955 2.44
26 | Santolina triene 1559 14.201 0.17
27 | Alloaromadendrene 1576 14.641 1.88
28 | (E)- a-bisabolene 1598 15.216 0.19
29 | Estragole 1638 16.245 0.05
30 | (+)-Aromadendrene 1728 19.201 0.17
31 | Methyleugenol 1754 20.424 2.76
32 | (-)-B-Elemene 1778 21.549 0.42
33 | Eugenol 1833 23.328 0.49
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34 | Guaiene 1865 24.040 0.18
35 | Methyl isoeugenol 1883 24.441 0.37
36 | Nerolidol 2050 27.992 0.18
37 | Tetradecane 2098 28.988 0.08
38 | Gazaniolide 2433 35.431 4.34

b 94.22

RI*- Ushlab turish indeksi, RT**- Ushlab turish vaqti, min terilgan barglar
tarkibidagi efir moylarida 38 ta komponent mavjud bo‘lib, bargning shifobaxshligini
ta’minlovchi Eucalyptol barcha komponentlarning 25,95%ini tashkil qiladi. Bu
ko‘rsatkich ushbu o‘simlik barglarining shifobaxshlik xususiyatlarga ega ekanligini

bildiradi.
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Abstract. Anthropometric measurements are widely recognized as reliable and essential
tools for assessing physical health, as they provide valuable insights into an individual's overall
condition, level of physical development, and general well-being. Monitoring the physical growth
and health of university students is of great scientific and practical importance, given that the
health status of this age group has a direct impact on their future professional capabilities and
overall quality of life. Therefore, the aim of this study was to conduct a comparative analysis of
anthropometric indicators among students and to classify them into groups based on their Body
Mass Index (BMI). This study involved 123 students aged 16 to 23 years from higher education
institutions located in Karshi city, Kashkadarya region, Uzbekistan. Their anthropometric
characteristics—including height, weight, BMI, and other physical development parameters—were
measured. The study results demonstrated that BMI, Waist-to-Hip Ratio (WHR), and Waist-to-
Height Ratio (WHtR) are crucial indicators in identifying overweight conditions, gender
differences, and groups at risk for health problems.

Keywords: anthropometric measurements, height, weight, body mass index (BMI), chest
circumference, waist circumference, hip circumference.

TALABALARNING JISMONIY RIVOJLANISHINI O‘RGANISH
NATIJALARI

Annotatsiya. Antropometrik o‘lchovlar jismoniy salomatlikni baholashda ishonchli va
zarur vosita sifatida keng tan olingan bo‘lib, ular insonning umumiy holati, jismoniy rivojlanish
darajasi va sog‘lig‘i haqida muhim ma’lumotlar beradi. Universitet talabalari jismoniy o‘sishi va
salomatligini kuzatish katta ilmiy hamda amaliy ahamiyatga ega, chunki ushbu yosh guruhining
sog‘lik darajasi ularning kelajakdagi kasbiy imkoniyatlari va hayot sifatiga bevosita ta’sir
ko‘rsatadi. Shu sababli ushbu tadqiqotning maqsadi talabalar orasida antropometrik
ko‘rsatkichlarni tagqoslab tahlil gilish va ularni tana massasi indeksi (BMI) asosida guruhlarga
ajratishdan iborat bo‘ldi. Tadqiqotda Qashqadaryo viloyati Qarshi shahri oliy ta’lim
muassasalarida tahsil olayotgan 16 dan 23 yoshgacha bo‘lgan 123 nafar talaba ishtirok etdi.
Ularning antropometrik ko‘rsatkichlari — bo‘yi, vazni, BMI hamda boshqa jismoniy rivojlanish
parametrlari o‘lchandi. Tadqiqot natijalari shuni ko‘rsatdiki, BMI, bel-son nisbatlari (WHR) va
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bel-bo‘y nisbatlari (WHtR) ortiqgcha vazn holatlarini, jinsiy farqlarni va sog‘liq uchun xavf
guruhlarini aniqlashda muhim ko‘rsatkichlardir.

Kalit so‘zlar: antropometrik o‘lchovlar, bo‘y, vazn, tana massasi indeksi (BMI), ko‘krak
gafasi aylanasi, bel aylanasi, son aylanasi.

Introduction. Anthropometric data are considered one of the key indicators in
assessing the health status of university students. Measurements such as height, body
weight, body mass index (BMI), waist circumference, waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR) provide insights into changes that occur during normal
physical development. Recent studies indicate that reduced physical activity, unhealthy
eating habits, and higher levels of stress among young adults—particularly students—
directly influence anthropometric indicators, especially BMI levels [1,2].

Height and body weight are generally regarded as the primary criteria for assessing
students’ physical development. In this regard, the body mass index (BMI), developed in
the 19th century by Belgian mathematician Adolphe Quetelet, holds particular importance.
This index, based on the ratio of body weight to height, helps determine an individual’s
overall physical condition.

According to the standards of the World Health Organization (WHO), a BMI
below 18,5 kg/m? is classified as underweight, with values under 16 kg/m* indicating
severe undernutrition. The upper limit of the normal BMI range is 25 kg/m?; values above
this are categorized into different levels of obesity: 30—34,9 kg/m? (class I obesity), 35,0—
39,9 kg/m? (class II), and 40 kg/m? or above (class III obesity) [3,4].

This article examines and analyzes the anthropometric indicators of university
students studying in the city of Karshi.

Materials and Methods. This study was conducted during the winter of 2025 and
involved 123 university students aged 16 to 23 from Karshi State University and the
University of Economics and Pedagogy. The sample included 23 male and 100 female
participants. The average age of respondents was 18,5+ 1,03 years.

The following anthropometric parameters were measured during the study: height,
body weight, chest circumference, waist circumference, and hip circumference. Standard
equipment and methodologies were used for all measurements.

The anthropometric data (height, body weight, chest, waist, and hip
circumferences) were obtained using established anthropometric techniques. Height was
measured using a wooden stadiometer, weight was recorded with an electronic scale, and
circumferences were measured using a measuring tape.

The obtained data were compared with existing health standards. Statistical
analysis was carried out using Microsoft Excel.

Results and Discussion. The descriptive statistical data presented in Table 1
provide insight into key anthropometric parameters such as age, height, body weight, body
mass index (BMI), chest circumference, waist circumference, hip circumference, waist-to-
hip ratio (WHR), and waist-to-height ratio (WHtR).

The sample consisted of students aged between 16 and 23 years, with an average
age of 18,5 years, reflecting a relatively narrow age distribution.

The students' height ranged from 145 cm to 186 cm, with a mean height of 167 cm. Their
body weight varied between 42 kg and 93 kg, with an average weight of 69 kg.

The BMI values in the sample ranged from 15,2 to 30,8, with a mean BMI of
24,93.

Waist circumference measurements ranged from 60 cm to 118 cm, with a mean
waist circumference of 77,5 cm and a standard deviation of 10,25 cm.

Table 1. Descriptive characteristics of the study participants

Anthropometric parameters Min Max Mean St.Dev
Age 16 23 18,5 1,030974
Height (cm) 145 186 166,5 8,24
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Weight (kg) 42 93 69 10,04514
Body Mass Index (BMI) 15,2 30,8 24,93 3,21

Chest circumference 63 110 91 10,69652
Waist circumference 60 118 77,5 10,25787
Hip circumference 71 120 90 8,306888
Waist-to-hip ratio (WHR) 0,677 0,983 0,861 0,087698
Waist-to-height ratio (WHtR) 0,358 0,654 0,465 0,05724

Similarly, hip circumference values ranged from 71 cm to 120 cm, with a mean of
90 cm and a standard deviation of 8,30 cm.

The waist-to-hip ratio (WHR) ranged from 0,677 to 0,983, with an average value
of 0,861 and a standard deviation of 0,087.

Scientific studies have shown that an elevated WHR is associated with increased
health risks, particularly cardiovascular diseases and metabolic disorders. For example, a
meta-analysis that included 22 observational studies involving a total of 709,093
participants demonstrated a significant correlation between high WHR values and the risk
of myocardial infarction (MI) [5].

The waist-to-height ratio (WHtR) ranged from 0,358 to 0,654, with a mean of
0,465 and a standard deviation of 0,057.

According to some sources, WHtR has been proposed as a more reliable indicator
of health risk than BMI or WHR. Research indicates that WHtR is strongly associated
with cardiometabolic risk factors and serves as a convenient and effective screening tool

for identifying individuals at high risk of chronic diseases [6].
Table 2. Classification of students based on Body Mass Index (BMI)

Category Body Mass Index | Number (N) of respondents
(BMI) (%)

Underweight Below 18,5 17 (13,7%)

Normal weight 18,5-24,9 84 (67,75%)

Overweight 25,0-29,9 21 (16,94%)

Obesity class 1 30,0-34,9 2 (1,61%)

The results of Table 2 indicate that 84 students (67,75%) in the sample have a
normal weight based on their Body Mass Index (BMI). Meanwhile, 17 students (13,7%)
were found to be underweight, with a BMI below 18,5; 21 students (16,94%) fell into the
overweight category with a BMI between 25,0 and 29,9, and 2 students (1,61%) were

classified as having first-degree obesity.
Table 3. Classification of Female Respondents Based on WHR and WHtR Indicators

Waist to hip Ratio Waist to Height Ratio
Health WHR Number (N) of | WHR Number (N) of
Risk Threshold respondents Threshold respondents (%0)
(%)
Normal <0,85 69 <0,5 78
Risk >0,85 31 >0,5 22

The health status of female university students participating in the study was
assessed based on their Waist-to-Hip Ratio (WHR) and Waist-to-Height Ratio (WHtR), as
shown in Table 3. According to WHR values, 69 students (69,0%) fell into the normal
category (i.e., WHR < 0.85), while 31 students (31,0%) had a WHR > 0,85, indicating a
risk of central obesity.

Similarly, based on WHtR values, 78 students (78,0%) were in the low-risk group
with WHtR < 0,5, whereas 22 students (22,0%) had WHtR > 0,5, placing them in a
higher-risk group for cardiovascular diseases and metabolic disorders.

These results indicate the presence of health risks associated with abdominal
obesity among female students. In particular, those with WHtR > 0,5 should be given
special attention as a high-risk group likely to develop chronic diseases. Therefore, both
WHR and WHtR can serve as important screening indicators for assessing the health
status of university-age individuals.
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Table 4. Classification of Male Respondents Based on WHR and WHtR Indicators

Waist to hip Ratio Waist to Height Ratio
Health Risk | WHR Number (N) of WHR Threshold | Number (N) of
Threshold respondents (%0) respondents (%0)
Normal <0,95 18 (78,26%) <0,5 12 (52,17 %)
Risk >0,95 5 (21,74%) >0,5 11 (47,83 %)

The health risk levels based on the waist-to-hip ratio (WHR) and waist-to-height
ratio (WHtR) among male students who participated in the study are presented in Table 4.
According to the WHR indicators, 18 male students (78,26%) were categorized into the
normal group (WHR < 0,95), while 5 students (21,74%) had a WHR > 0,95, indicating a
risk of central obesity.

Based on the WHtR criterion, 12 male students (52,17%) belonged to the low-risk
group with a WHtR < 0,5, whereas 11 students (47,83%) had a WHtR > 0,5, placing them
in the high-risk category for cardiovascular and other metabolic diseases.

These findings indicate the presence of abdominal obesity among male students
and reveal groups at increased risk for developing chronic diseases. In particular, those
with  WHtR > 0,5 require special preventive attention. Based on these indicators,
implementing health monitoring and developing measures to promote a healthier lifestyle
are of critical importance.

Conclusion. The results of the conducted study made it possible to assess the
health status of university students in Karshi city through the analysis of selected
anthropometric indicators. Based on the obtained values of body mass index (BMI), waist-
to-hip ratio (WHR), and waist-to-height ratio (WHtR), tendencies toward overweight and
abdominal obesity were observed among the students.

Although the majority of respondents (67,75%) fell within the normal weight
category according to BMI, 16,94% were classified as overweight, and 13,7% were found
to be underweight. Furthermore, WHR and WHtR analyses revealed the presence of
central obesity (31%) and cardiometabolic risk (22%) among female students, while
among male students, these figures were 21,74% and 47,83%, respectively.

These findings highlight the relevance of abdominal obesity as a risk factor for
health issues among university students. In particular, students with a WHtR > 0,5 require
special preventive attention and programs aimed at promoting a healthy lifestyle.

In conclusion, WHR and WHtR can be considered simple, effective, reliable, and
modern tools for assessing the health of university-aged populations.

The results of this study emphasize the need for regular monitoring of students’
physical development in higher education institutions, promoting healthy eating habits,
and developing preventive strategies to increase physical activity.
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Annotatsiya. Ushbu maqola Qoraqgalpog’iston Respublikasi Nukus shahridagi oliy o’quv
yurtlarida tahsil olayotgan 18-29 yoshli talabalarning amaldagi ovgatlanishi hamda jismoniy
rivojlanishini o’rganishga bag’ishlangan. Olingan natijalarga ko’ra, talaba yigitlarining kunlik
iste’mol taomlari tarkibidagi ogsillar va yog‘larning miqdori me’yorga nisbatan tegishli holda
o‘rtacha 82,0% va 80,0% ni, uglevodlar hamda kunlik ovgatning umumiy energetik giymati esa
mos holda o‘rtacha 86,0% va 85,4% ni tashkil etadi. Bu ko‘rsatkichlarni shu yoshdagi qizlarga
nisbatan aytadigan bo’lsak, ularning ogsillar bilan ta’minlanishi o’rtacha 77,0% ga, yog’lar 70%
ga, uglevodlar 92,0% ga hamda kunlik ovqat kaloriyasi esa me’yorga nisbatan o’rtacha 85,1% ga
teng bo’lib, ularning kunlik ovqati tarkibidagi ogsillar va yog’larning miqdori yigitlarga nisbatan
5-10% ga kam hamda uglevodlar esa o’rtacha 6-8% gacha ziyod. Talabalarda Ketle indeksi
me’yor ko’rsatkichlaridan chetga chigmaydi.

Kalit so’zlar. amaldagi ovqatlanish, ogsillar, yog’lar, uglevodlar, kunlik kaloriya, bo’y
uzunligi, tana vazni, Ketle indeksi.

THE CURRENT NUTRITION OF STUDENTS AND THEIR PHYSICAL
DEVELOPMENT IN THE CONDITIONS OF THE REPUBLIC OF
KARAKALPAKSTAN

Abstract. This article is devoted to the study of the actual nutrition and physical
development of students aged 18-29 who are studying at higher educational institutions in the city
of Nukus, Republic of Karakalpakstan.

According to the obtained results, the average daily intake of proteins and fats among male
students is 82,0% and 80,0% of the recommended norms, respectively, carbohydrates — 86,0%,
and the overall energy value of their diet — 85,4% of the recommended levels.

When compared to female students of the same age group, the average provision of
proteins among girls is 77,0% of the norm, fats - 70%, carbohydrates — 92,0%, and daily caloric
intake — 85,1% on average. Thus, the intake of proteins and fats in the diet of female students is 5-
10% lower than that of males, while carbohydrate intake is on average 6-8% higher. The Quetelet
Index (Body Mass Index) among students falls within the normal range.

Keywords: actual nutrition, students, proteins, fats, carbohydrates, energy value, physical
development, Quetelet index.

Kirish. Ma’lumki, Respublikamizda keyingi yillarda oliy ta’limga katta e’tibor
qaratib kelinmoqda. Xususan, ta’lim samaradorligini oshirish, zamon talablariga javob
beradigan ragobatbardosh kadrlarni tayyorlash, moddiy-texnik bazani yanada yaxshilash
va boshqa masalalar oliy ta’lim tizimida faoliyat olib boradigan xodimlar oldidagi
ma’suliyatni yanada oshiradi. Shu bilan bir qatorda har bir ta’lim ishtirokchilarining,
aynigsa talabalarning sihat-salomatligini saglash va yanada mustahkamlash, ularning
hayot sifatini yaxshilash, har tomonlama sog’lom va barkamol avlodni voyaga yetishini
ta’minlash bugungi kunning dolzarb masalalaridan biri bo’lib hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2022-yil 7-iyuldagi “Qoraqalpog‘iston
Respublikasida 2022-2024 vyillarda aholi salomatligini muhofaza gilishni yanada
kuchaytirish to‘g‘risida”gi PQ 310-sonli garorida Keltirilgan asosiy vazifalardan biri
“sog’ligni saqlash mintaqaviy tizimini takomillashtirish, aholining, aynigsa bolalar va
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ayollarning sog‘lomlik darajasini oshirish, sanitariya-epidemiologik vaziyatni yaxshilash,
sog‘lom turmush tarzini shakllantirish, kundalik hayotga oilaviy salomatlik madaniyatini
joriy etishga ko‘maklashish” hisoblanadi. Shunday ekan, Janubiy Orolbo‘yi mintagasida
yashaydigan aholining va aynigsa oliy o’quv yurtlarida tahsil olayotgan talaba-yoshlarning
amaldagi ovqatlanishi hamda jismoniy rivojlanishini o’rganish fiziologiya va tibbiyot
amaliyotidagi dolzarb masalalardan biri bo’lib hisoblanadi [1]. Xususan, talabalar
kelgusida yurtimiz kelajagining asosiy tayanchi, har sohada rivojlanib borayotgan
davlatimizda alohida safda turuvchi aholi kontengentlaridan biri bo’lib hisoblanadi.
Jumladan, statistik ma’lumotlarga ko’ra, oliy o’quv yurtlari hamda ularda o’qiydigan
talabalar soni keyingi yillarda 2-3 barobardan ziyodga ortib bormoqda.

O’rta maktabni tugatib, talabalikka gabul qilingan bolalar va o’smirlar hayotida
o’ziga xos biologik hamda fiziologik o’zgarishlar sodir bo’ladi (yangi sharoitga
moslashish, 0’zaro munosabat, yangi fanlarni o’zlashtirish va h) va bu ularning kun tartibi
va amaldagi ovqgatlanishiga o’z ta’sirini ko’rsatadi. Ularning kunlik iste’mol taomlari
tarkibiagi asosiy va qo’shimcha oziq moddalarning me’yorga nisbatan kam yoki ko’p
bo’lishi organizmning morfologik va funksional jihatdan rivojlanishiga salbiy ta’sir etadi.
Shu bois har bir hududa talabalarning kunalik ovgatlanishini o’rganish va tahlil qilish ular
salomatligini muhofaza qilish va serunum mehnat gilishini yanada yaxshilanishida muhim
ahamiyat kasb etadi [2-7].

Yugqorida aytib o’tilgan fikrlardan kelib chiqib, biz 0’z kuzatuvlarimiz davomida
Qoragalpog’iston Respublikasining Nukus shahrida joylashgan oliy o’quv yurtlarida tahsil
olayotgan 18-29 yoshli talaba yigit va gizlarning amaldagi ovgatlanishi va jismoniy
rivojlanishini o’rganishni maqsad qilib oldik.

Material va metodika. Kuzatuvlar 2024-2025-yillarda Nukus shahrida,
Qoraqgalpoq davlat wuniversitetining iqtisodiyot yo’nalishi, buxgalteriya hisobi
yo’nalishi, biologiya yo’nalishi hamda SamDVMCHBU Nukus filialining veterinariya
meditsinasi yo’nalishi, veterinariya farmasevtikasi yo’nalishi hamda veterinariya
sanitariya ekspertizasi yo’nalishlarida, tahsil olayotgan 18-29 yoshli (1-kurs) jami 143
nafar talabalar (shundan 81 nafari yigitlar, 62 nafari esa qizlar) o’rtasida olib borildi.
Ularning amaldagi ovqatlanishi an’anaviy anketa-so’rov hamda 24 soat davomida
iste’'mol qilgan taomlarini qayd qilish usullari orqali o’rganildi. Shuningdek
talabalarning bo’y uzunligi, tana vazni hamda ko’krak qafasi aylanasi aniqlandi.
Ularning jismoniy rivojlanish ko’rsatkichlari umumiy qabul gilingan antropometrik va
somatometrik usullar orqali o’rganildi [8]. Kuzatuvlarga ko’ngilli talabalar jalb qilindi,
ulardan tegishli tartibda rozilik xatlari olindi. Shu bilan bir qatorda “Jahon Tibbiyot
Assotsiatsiyasining  Xelsinki deklaratsiyasi” qoidalariga amal qilingan holda
tekshirishlar olib borildi. Olingan natijalar Windows OS Microsoft Exel dasturi
yordamida tahlil gilindi.

Natijalar va muhokama. Olib borilgan kuzatuvlarning natijalariga ko‘ra, Nukus
shahridagi oliy o’quv yurtlarida tahsil olayotgan 1-kurs talaba yigitlarining kunlik iste’mol
taomlari tarkibidagi ogsillar va yog‘larning miqdori me’yorga nisbatan tegishli holda
o‘rtacha 82,0% va 80,0% ni, uglevodlar hamda kunlik ovgatning umumiy energetik
giymati esa mos holda o‘rtacha 86,0% va 85,4% ni tashkil etadi. Bu ko‘rsatkichlarni shu
yoshdagi qizlarga nisbatan aytadigan bo’lsak, ularning ogsillar bilan ta’minlanishi
o’rtacha 77,0% ga, yog’lar 70% ga, uglevodlar 92,0% ga hamda kunlik ovqat kaloriyasi
esa me’yorga nisbatan o’rtacha 85,1% ga teng bo’lib, ularning kunlik ovqati tarkibidagi
ogsillar va yog’larning miqdori yigitlarga nisbatan 5-10% ga kamligi hamda uglevodlar
esa o’rtacha 6-8% gacha ziyodligi gayd etildi (rasm). Quyidagi jadvalda talabalarning
ogsillar, yog’lar va uglevodlar bilan ta’minlanishini keltiramiz.
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18-29 yoshli talabalarning kunlik ovqatidagi asosiy oziq moddalar migdori va ularning
energetik giymati

Ko’rsatkichlar Yigitlar Qizlar

Me’yor Natija Me’yor Natija
Oggsillar, g 72 59,04+1,19 61 46,97+1,11
Yog’lar, g 81 64,81+0,97 67 50,25+1,20
Uglevodlar, g 358 318,62+12,1 289 265,88+11,8
Kaloriya, kkal 2450 2093,93+23,4 2000 1703,65+22,9

Jadvalda ko’rinib turganidek, 18-29 yoshli yigit va gizlarning kundalik ovgatidagi
ogsillarning miqdori tegishli ravishda 59,04+1,19 g va 46,97+1,11 g ni tashkil etadi.
Yog’larning miqdori yigitlarda o’rtacha 64,81+£0,97 g ni, qizlarda esa o’rtacha 50,25+1,20
g ni tashkil etib, bu esa 0’z navbatida ularning yog’lar bilan ta’minlanishini me’yorga
nisbatan 20-30% gacha kamligini ko’rsatadi. Kuzatuvda bo’lgan talabalarning uglevodlar
bilan ta’minlanishi me’yor ragamlaridan o’rtacha 8-14% gacha farq giladi. Shuningdek,
kunlik ovqat kaloriyasi o’rtacha 85% ni tashkil etadi.
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Kuzatuvlarning dastlabki natijalariga ko’ra shuni aytish mumkinki, talabalar turar
joyida yashaydigan yigit va qizlarning 30% dan ko’pi ertalabki nonushtani qabul
qilmaydi, tushlik vaqtida wularning aksariyati tez tayyor bo’ladigan oziq-ovqgat
mahsulotlarini iste’mol qilishadi. Kunlik taomlanish migorining katta gismini asosan
kechki ovgat vaqtida gabul gilishadi.

Talabalarning ayrim antropometrik ko’rsatkichlari

Ko’rsatkichlar Yigitlar Qizlar
Bo’y uzunligi, m 1,75 1,62
Tana vazni, kg 68,5 59,5
Ketle indeksi, kg/m? 22,3 22,6
Ko’krak gafasi aylanasi, sm 93,1 87,2

Jadvalda ko’rinib turganidek, talaba yigitlarning bo’y uzunligi o’rtacha 1,75 sm ni,
tana vazni esa o’rtacha 68,5 kg ni tashkil etadi. Ketle indeksi 22,3 kg/m? bo’lib, bu
ko’rsatkich me’yordan chetga chigmaydi (me’yor 18,5-24,9 kg/m?). Shuningdek, ko’krak
qafasi aylanasi ko’rsatkichi o’rtacha 93,1 sm ni tashkil etadi. Qizlarda esa yuqorida qayd
etilgan ko’rsatkichlar yigitlarnikiga nisbatan biroz kamligi qayd etildi. Jumladan, gizlarda
bo’y uzunligi o’rtacha 1,62 sm, tana vazni o’rtacha 59,5 kg hamda Ketle indeksi o’rtacha
22,6 kg/m? ni tashkil etadi. Ko’krak qafasi aylanasi ko’rsatkichi esa o’rtacha 87,2 sm ga
teng bo’ldi. Qizlarda ham Ketle indeksi me’yordan chetga chigmaydi.

Xulosa. Talabalarining asosiy ozig moddalarga bo‘lgan kunlik fiziologik talabi
me’yor ko’rsatkichlariga to‘la mos kelmaydi. Ularning kundalik ovqati tarkibidagi ogsillar
va yog‘larning miqdori mavjud me’yor ko‘rsatkichlariga nisbatan tegishli holda o‘rtacha
19,0 va 26,5 % ga, uglevodlar miqdori esa o‘rtacha 11,0 % ga kam. Ogsil, yog’ va
uglevodlar miqdori o‘rtasidagi nisbat buzilgan. Bu esa talabalarning amaldagi
ovqatlanishini tizimli o’rganish hamda korreksiya qilish zarurligini ko’rsatadi. Talaba
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yigitlarning ayrim antropometrik ko’rsatkichlari qizlarnikiga nisbatan biroz yuqoriligi
bilan ajralib turadi. Ketle indeksi yigitlarda ham qizlarda ham me’yor ko’rsatkichlaridan
chetga chigmaydi. Talabalarning amaldagi ovgatlanishi hamda jismoniy taraqqiyotini
parallel ravishda o’rganish ular sihat-salomatligini belgilashda muhim omil sifatida xizmat
giladi.
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Annotatsiya. Ushbu tadqiqot yuqori sinf o‘quvchilarining morfofunktsional
ko‘rsatkichlarini har tomonlama o‘rganishga bag‘ishlangan. Unda o‘quvchilarning tana tuzilishi,
bo‘y uzunligi, vazni, yurak-gon tomir hamda nafas olish tizimining funksional holati atroflicha
tahlil qilinadi. Shuningdek, jismoniy faollik darajasi, o‘quvchilarning kun tartibi va sog‘lom
turmush tarzi ko‘rsatkichlari bilan sog‘liq o‘rtasidagi uzviy bog‘liglik ochib beriladi. Tadqiqot
natijalari o‘quvchilarning jismoniy rivojlanishiga ijtimoiy sharoitlar, ekologik mubhit, oilaviy
tarbiya va maktabdagi ta’lim-tarbiya jarayonlarining sezilarli ta’sirini ko‘rsatadi. Olingan
ma’lumotlar o‘quvchilarda sog‘lom turmush tarzini shakllantirish, kasalliklarning oldini olish va
jismoniy tayyorgarlikni oshirish bo‘yicha ilmiy asoslangan tavsiyalar ishlab chiqishga xizmat
giladi.

Kalit so‘zlar: morfofunksional, fiziologik. ketle indeksi, rastomer, tarozi,o‘lchov.

SPECIFIC FEATURES OF MORPHOFUNCTIONAL INDICATORS OF
HIGH SCHOOL STUDENTS

Annotation. This study is devoted to a comprehensive investigation of the
morphofunctional indicators of high school students. It analyzes the body structure, height, weight,

e
183



https://lex.uz/uz/docs/-6100013
mailto:temirova_nilufar02@mail.ru
mailto:rakhmatullayev.e@mail.ru

QarDU xabarlari BIOLOGIYA 2025 3(2)

as well as the functional condition of the cardiovascular and respiratory systems in detail. In
addition, the relationship between physical activity level, daily routine, indicators of a healthy
lifestyle, and overall health is revealed. The research results demonstrate the significant influence
of social conditions, ecological environment, family upbringing, and the educational process at
school on the physical development of students. The obtained data serve as a basis for developing
scientifically grounded recommendations aimed at promoting a healthy lifestyle among students,
preventing diseases, and improving their physical preparedness and overall well-being.

Keywords: morphofunctional, physiological, Kettle index, stadiometer, scale,
measurement.

Kirish. Ma’lumki, antropometrik ko’rsatkichlar har bir organizmning salomatligini
belgilaydigan eng muhim omillardan biri bo’lib hisoblanadi. Ya’ni bolaning bo’y uzunligi
hamda tana vazni odatda uning qay darajada o’sib-rivojlanayotganligi, atrof muhit
omillariga moslashishi, ovqatlanishi, kun tartibi kabi qator omillar ham alohida o’rin
egallaydi. Bolaning rivojlanishi nafagat ma'naviy, balki jismoniy, intellektual va ijtimoiy
tomonlarini ham 0z ichiga olgan holda barkamol shaxsni shakllantirishga garatilgan
bo'lishi lozim. Bu jarayon davlat va jamiyatning kelajagi uchun yosh avlodning eng yuqori
sifatlarni egallab, erkin, axlogli va mas'uliyatli insonlarga aylanishini ta'minlaydi. Shuning
uchun, yoshlarimizning ta'lim va tarbiyasiga e'tibor garatish, ularning rivojlanish
jarayonida kompetensiyalarni shakllantirish har bir jamiyat uchun eng muhim vazifa bo'lib
goladi [1-3].

Bugungi kunda antropologlar, demografik o‘sishning pasayishi hagida bir gancha
mintagalarda kuzatishlar olib bormoqda. Yevropa, Skandiya mamlakatlari, Yaponiya va
MDH (Mustaqil Davlatlar Hamdo‘stligi) aholisi o‘sishining pasayishi, rivojlanayotgan
mamlakatlarda esa aksincha tezlashgan. Shuningdek, arxeologik kashfiyotlar, inson
tanasining evolyutsiyasi haqida qizigarli ma’lumotlar taqdim etmoqda. Masalan, 100 ming
yil mugaddam yashagan neandertal odamlari o‘rtacha 160 sm bo‘yiga ega bo‘lgan. 60
ming yil avval esa, ya’ni hozirgi insonlarning birinchi ajdodlari, 189 sm balandlikka
yetgan. Biroq, ulardan keyingi davrda, insonning o‘rtacha bo‘yi yana 160 sm atrofida
bo‘lgan. Bu o‘zgarishlar ko‘plab omillar bilan bog‘liq, jumladan, iglim sharoiti,
oziglanish, madaniy va texnologik rivojlanishlar [3-6].

Arxeologik gazishmalar orqali topilgan g‘orlar va qadimgi yashash joylari, ibtidoiy
odamlarning hayoti hagida ko‘p ma'lumotlar beradi. Ularning hayotini o‘rganish, o‘sha
davrda odamlarning ko‘p qismi kichik va tor joylarda yashaganligini ko‘rsatadi. Misol
uchun, gadimgi yunonlarning Akropoliga olib boruvchi zinapoyalar shunchalik tor
bo‘lgan ediki, zamonaviy odamlar ular orqali harakat qilishda qiyinchiliklarga duch
kelgan. Bundan tashqari, o‘rta asrlarda qurilgan uylarning past shiftlari va eshiklari, o‘sha
davr odamlarining o‘rtacha balandligi bugungi kunda ham qiziqish uyg‘otadi. Ular,
odatda, egilib yurishga majbur bo‘lgan [4-7].

O‘rta asrlarning jangchi ritsarlari uchun ishlab chiqilgan zirhlar, ularning faqat
yosh avlodlar tomonidan kiyilishi mumkin edi, chunki ularning og‘irligi va kattaligi, o‘sha
davr odamlarining bo‘yi va kuchiga mos kelardi. Birog, 19-asrning oxiridan boshlab,
inson o°‘sishi yanada tezlashdi.Masalan, Muskovitlar(Rossiya hududida yashagan ruslarga
nisbatan ushbu atama qo‘llanilgan), 1882 yildan 1974 yilgacha o‘rtacha bo‘yi 147 sm dan
170 sm gacha oshgan. Bu davrda ijtimoiy va iqtisodiy rivojlanish, tibbiyot va
oziqlanishning yaxshilanishi natijasida o°sish sur'atlari sezilarli darajada ortgan.
Shuningdek, inson o‘sishining yanada rivojlanishi natijasida, 20-asrda global darajada
bo‘y osishining davom etganligi kuzatilmoqda. Olimlar fikriga ko‘ra, agar insonning
evolyutsiyasi oxirgi 200 ming yil ichida davom etganidek, o‘sha davrda inson o‘sishi
davom etganida, bugungi kunda 300 metr balandlikka ega gigantlar yer yuzida yashar edi.
Biroq, bu faraziya real hayotda turli ekologik, genetik va boshga biologik omillar tufayli
amalga oshmasligi mumkin. Hozirgi kunda odamlarning o‘sish sur'atlari ba’zi hududlarda
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kamaygan bo‘lsa-da, ba’zi mintaqalarda ulkan demografik o‘sish kuzatilmoqda, bu oz
navbatida insoniyatning kelajakdagi evolyutsiyasini shakllantiradi [4].

Tadqgigot metodologiyasi. Kuzatuvlar 2025-yilda Nishon tumanidagi 36- va 22-
maktablarda tahsil olayotgan 15-17 yoshli 120 nafar (shundan 66 nafari gizlar 54 nafari
esa yigitlar) o‘quvchilar orasida o’tkazildi. Ya’ni 9-, 10- va 1l-sinfda o‘qiyotgan
o‘quvchilarning jismoniy rivojlanish ko‘rsatkichlari o‘rganildi. Ularning jismoniy
taraqqiyotini tekshirishda tegishli antropometrik usullardan foydalanildi.

Bo‘y o‘lchashda yog’och rostomerdan foydalanildi. Bola rostomerga orqa tomoni
bilan tik turib, tanasining uchta muhim nugtasi - bosh, dumbasi va tovoni - rostomerga
tegib turishi ta’minlandi. Ushbu talabga rioya qilish, to‘g‘ri va aniq o‘lchov olishda
muhim rol o‘ynaydi. Bosh qismi rostomerni planshestkasiga tegizilib, bolaning bo‘yi
aniglanadi. O‘lchov natijalari daftarga qayd etilib, keyinchalik statistik tahlil uchun
foydalaniladi [5].

Ko‘krak gafasining aylanasi uchta holatda o‘lchanadi: maksimal nafas chigarishda,
maksimal nafas olishda va pauza holatida. Bu o‘lchovlar bolaning jismoniy holatini
yaxshiroq anglash imkonini beradi va ko‘krak qafasining fleksibilitasini o‘lchashda
yordam beradi. Bola ikkita qo‘lini keng yoyib turishi va santimetrli lenta yordamida
o‘lchov amalga oshiriladi. Lenta ko‘krak gafasining orqa qismiga pastga tushirilganda va
oldingi qismini ham gamrab olishi kerak. Bu usul ko‘krak qafasining aylanasi va uning
ekskursiyasini (nafas olish va chiqarish jarayonida o‘lchangan farqni) aniq o‘lchash
imkonini beradi. Ko‘krak qafasining ekskursiyasi o‘rtacha 6-8 sm kattalikda bo‘ladi va
sportchilarda bu ko‘rsatkich 12-16 sm ni tashkil etishi mumkin. Kichik maktab yoshidagi
bolalarda esa bu ko‘rsatkich 3-5 sm ga teng.

Tana vaznini o‘lchashda yuqori aniqlikka ega tibbiyot tarozi ishlatildi. O‘lchovlar
bola kiyimsiz va oyoq kiyimsiz holda amalga oshirildi, chunki kiyim va oyoq kiyimining
og‘irligi natijalarga salbiy ta'sir ko‘rsatishi mumkin. Tarozi ko‘rsatkichlari aniq qayd
etilib, ma'lumotlar maxsus daftarda saqlanadi. Tana vaznining o‘zgarishi o°sish,
rivojlanish va sog‘liq holatini tahlil gilishda yordam beradi, shuningdek, antropometrik
parametrlar bo‘yicha individual farqlarni aniqlash imkonini yaratadi [5,6,7].

Natijalar va muhokama.

O’quvchilarning ayrim antropometrik ko‘rsatkichlari

. O‘rtacha | O‘rtacha . O‘rtacha | Of‘rtacha
O‘rtacha . O‘rtacha
. L bo‘y ketle ) . nafas puls
Sinf Jinsi tana uzunligi indeksi ko’krak qafasi soni, ta soni, ta
vazni, kg sm kg/m2 aylanasi, sm (1 min) (1 min)
9-sinf Qiz 49,77 143 19,6 76,5 24,6 75,3
(15 yosh) O'g'il 58 170 20,6 84,7 22,5 79,5
10-sinf Qiz 57,4 163 21,9 88,7 31,7 73,7
(16 yosh) O'g'il 63,5 174 21 90,7 35 73
11-sinf Qiz 53,8 168 21,3 88 28,5 96,7
(17 yosh) O'g'il 63,2 172 21,5 89,3 29,6 105,7

Yuqoridagi jadvalda ko‘rinib turganidek, 15 yoshlilarda (9-sinf) o‘g‘il bolalarning
tana vazni gizlarga nisbatan o’rtacha 1,16 barobarga, bo‘y uzunligi esa o’rtacha 1,18
barobarga ziyodligi aniglandi. O‘g‘il bolalar uchun o‘rtacha Kettle indeksi 20,6 kg/m?, qiz
bolalarida esa 19,6 kg/m? bo‘lib, bu 1,05 barobar yugoridir. Ko‘krak gafasi aylanasi o°g‘il
bolalarda 84,7 sm, giz bolalarda esa 76,5 sm bo‘lib, 1,1 barobar farqg mavjud. Nafas olish
tezligi o‘g‘il bolalarida 22,5 nafas/daqiqa, giz bolalarida esa 24,6 nafas/dagiga bo‘lib, bu
1,09 barobar kamrog. Yurak urish tezligi o‘g‘il bolalarida 79,5 ta/daqiga, giz bolalarida
esa 75,3 ta/dagiga bo‘lib, 1,05 barobar ko‘proq ekanligi kuzatildi.

Xuddi shuningdek, 16 yoshlilarda (10-sinf) o°‘g‘il bolalarning tana vazni
ko’rsatkichlari giz bolalarga nisbatan o’rtacha 1,1 barobar, bo‘y uzunligi esa o’rtacha 1,06
barobarga ortigligini ko’rish mumkin. Ketle indeksi ham o’g’il ham gizlarda bir-biriga
teng bo‘lib, jumladan o‘g‘il bolalarda 21 kg/m? ni, qiz bolalarda esa 21,9 kg/m? ni tashkil
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etadi. Ko‘krak gafasi aylanasi o‘g‘il bolalarida 90,7 sm, giz bolalarida esa 88,7 sm bo‘lib,
bu ko’rsatkich gizlarda o’rtacah 1,02 barobarga kamligini ko’rsatadi. Agar nafas olish
chastotasini tagqoslaydigan bo’lsak, bu ko’rsatkich o‘g‘il bolalarida o’rtacha 35 ta/daqiqa,
giz bolalarida esa o’rtacha 31,7 ta/dagiga bo‘lib, gizlarda bu ko’rsatkich o’rtacha 1,1
barobargacha kamligini aytishimiz mumkin. Yurak urish tezligi o‘g‘il va qiz bolalarda
deyarli teng bo‘lib, mos ravishda 73,0 ta/dagiga va 73,7 ta/dagiga bo‘ldi.

17 yoshlilar (11-sinf) bo’yicha olingan natijalar shundan dalolat beradiki, o‘g‘il
bolalarning tana vazni qiz bolalarga nisbatan o’rtacha 1,2 barobar og‘irroq va bo‘y
uzunligi o’rtacha 1,02 barobar uzunroq ekanligi aniglangan. Ketle indeksi o‘g‘il va qiz
bolalarida deyarli teng bo‘lib, mos ravishda 21,5 kg/m? va 21,3 kg/m? ni tashkil etadi.
Ko‘krak qafasi aylanasi o‘g‘il bolalarida o’rtacha 89,3 sm, qiz bolalarida esa o’rtacha 88,0
sm bo‘lib, deyarli farq kuzatilmadi. Nafas olish tezligi o‘g‘il bolalarida o’rtacha 29,6
ta/daqiqga, qiz bolalarida esa o’rtacha 28,5 ta/daqiqa bo‘lib, bu ko‘rsatkichda ham farq
kuzalimadi. Yurak urish tezligi o°g‘il bolalarida o’rtacha 105,7 ta/daqiqa, qiz bolalarida
esa o’rtacha 96,7 ta/dagiqa bo‘lib, bu ko’rsatkich 1,1 barobar yugori ekanligi kuzatildi.

Xulosa. Tadgiqotda 9, 10 va 11-sinf o‘quvchilari o‘rtasida o‘g‘il bolalar va qiz
bolalarining jismoniy ko‘rsatkichlarida farglar mavjudligi aniglandi. O‘g‘il bolalar qiz
bolalarga nisbatan og‘irroq, uzunroq, ko‘krak qafasi aylanasi katta va ba'zi hollarda yurak
urish tezligi yuqoriroq ekanligi ko‘rsatilgan. Shuningdek, nafas olish tezligi o‘g‘il
bolalarida ba'zan kamroq bo‘lsa-da, boshqa ko‘rsatkichlarda farqlar deyarli teng bo‘lib,
umuman olganda, jinsga garab jismoniy rivojlanishning ba'zi o‘zgarishlari mavjudligini
ko‘rsatadi. Kuzatuvda bo’lgan o‘quvchilarning tana vazni o’rtacha 57,6 kg, bo’y uzunligi
esa o’rtacha 165,0 sm ni tashkil etadi.
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Annotatsiya. Ushbu maqolada nobiologik yo‘nalishlarda ekologiya fanini o‘qitishning
ahamiyati, maqsadi, vazifalari, talabalarda ekologik kompetensiyalarni rivojlantirishdagi o‘rni
yoritib berilgan. Mazkur fan nafagat ekologik bilimlarni shakllantiradi, balki bargaror rivojlanish
g‘oyalarini, yashil iqtisodiyot va rivojlanish tushunchalarini singdiradi hamda hayotga tatbiq
etishda muhim pedagogik omil sifatida xizmat giladi. Nobiologik yo‘nalishlarda ekologiya fanini
o‘qitish zamonaviy ta’lim tizimining ajralmas qismi hisoblanib, nafaqat nazariy bilimlarni, balki
ekologik qadriyat va mas’uliyatni ham shakllantirishda muhim ahamiyat kasb etadi.

Tadgigot ishida “Ekologiya va atrof-muhit muhofazasi” hamda “Atrof-muhitni muhofaza
qilish va yashil rivojlanish” fanlarining o‘quv dasturi ishlab chiqilgan. Unga mos ravishda
ma’ruza, amaliy va mustaqil ishlarining mavzulari shakllantirilgan va ta’lim jarayonida joriy
etishga erishilgan.

Kalit so‘zlar: ekologiya, atrof-muhit, ekologik ta’lim, nobiologik yo‘nalish, ekologik
madaniyat, ekologik kompetensiya, bargaror rivojlanish.

Abstract. This article examines the importance, goals and objectives of teaching ecology
in non-biological fields, as well as its role in developing students' environmental competencies.
This subject not only forms environmental knowledge, but also instills ideas of sustainable
development, the concept of a "green" economy and development, acting as an important
pedagogical factor in its implementation. Teaching ecology in non-biological fields is an integral
part of the modern education system and plays an important role in the formation of not only
theoretical knowledge, but also environmental values and responsibility.

In the course of research work, a curriculum was developed for the subjects "Ecology and
Environmental Protection” and "Environmental Protection and Green Development”. In
accordance with it, the topics of lectures, practical and independent work were formulated and
introduced into the educational process.

Keywords: ecological, environment, environmental education, non-biological area,
ecological culture, ecological competence, sustainable development, green economy.

Kirish. Globallashuv jarayonida ekologik muammolar dunyo miqgyosida eng
dolzarb masalalardan biri bo‘lib qolmoqda. Sayyoramizda sodir bo‘layotgan atmosfera
havosining ifloslanishi, suv resurslarining kamayishi, chigindilar muammosi, iglim
o‘zgarishi kabi omillar insoniyatning barqaror rivojlanishiga jiddiy tahdid solmoqda.

Chunonchi, respublikamiz hududida ham ekologik muammolarning mavjudligi va
murakkablashuvi, har bir insonni atrof-muhitga mas’uliyatli munosabatda bo‘lishini talab
etadi. Qolaversa, ushbu muammolarning yechimi nafagat mutasaddi kishilarning, balki
barcha insoniyatning vazifasidir. Shu sababli, nobiologik ixtisoslik yo‘nalishlarida
ekologiya fanini o‘qitish bugungi kunda strategik zaruratga aylanmoqda.

O‘zbekiston Respublikasi Vazirlar Mahkamasining 2019-yil 27-maydagi 434-son
garoriga O‘zbekiston Respublikasida Ekologik ta’limni rivojlantirish konsepsiyasida Oliy
ta’lim tizimining ekologik ta’limni takomillashtirish va rivojlantirish zarurligiga alohida
¢’tibor qaratilgan, barcha turdagi ta’lim muassasalarida ekologik ta’limning majburiyligi
qayd etilgan. Ekologik ta’limning asosiy maqsadi biosferaning barcha qatlamlarida atrof-
muhitni muhofaza gilish masalalariga ongli munosabatni shakllantirishni va ekologik
bilimlardan xabardor bo‘lgan ekologik dunyoqarashi va madaniyati shakllangan yuksak
ma’naviyatli inson shaxsini voyaga yetkazishni ko‘zda tutadi [1]. Zero, ekologik
muammolar bugungi kunda umuminsoniy xarakterdagi muammolar darasida bo‘lib,
tabiatni asrab-avaylash, tabiiy resurslardan ogilona foydalanish va kelgusi avlodga
yetkazib berish masalasi jamiyat oldidagi muhim vazifalardan biridir.
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Shu o‘rinda, Prezidentimiz Sh.M.Mirziyoyev tomonidan “2030-yilgacha bo‘lgan
davrda aholining ekologik madaniyatini yuksaltirish” Konsepsiyasi o‘z vaqtida qabul
gilingan muhim hujjatdir. Mazkur konsepsiyada o°sib kelayotgan yosh avlodda ekologik
bilim, ong va madaniyatni shakllantirish hamda rivojlantirish, ushbu yo‘nalishda ta’lim-
tarbiya jarayonini samarali tashkil etish, aholining barcha qatlamlarida ekologik
madaniyatni yanada yuksaltirishdan iborat deb gayd etilgan [2].

Birlashgan Millatlar Tashkilotining tadqiqot ma’lumotlariga ko‘ra, yoshlar
ekologik muammolarni hal qilish va iglim o‘zgarishiga qarshi kurashda asosiy rol
o‘ynaydi [3]. 2022-yilda o‘tkazilgan tadqiqotlar shuni ko‘rsatdiki, yoshlarda ekologik
madaniyatni shakllantirish ko‘plab mamlakatlar ta’lim siyosatida ustuvor yo‘nalish
hisoblanadi [4].

Tadgigot metodologiyasi. Mamlakatimizning yangi ijtimoiy-igtisodiy va ekologik
sharoiti yuksak kasbiy mahoratga ega, malakali mutaxassislarni tayyorlash zarurligini
tagozo etmoqgda. Hozirgi vaqtda mutaxassislarning kasbiy mahoratini oshirish orqali
ularning ijtimoiy himoyasini kuchaytirish zarurati dolzarbdir. Shu bois, ekologik
bilimlarni biologiya sohasi bilan chegaralab bo‘lmaydi. Bugungi kunda iqgtisodiyot,
menejment,  energetika, axborot texnologiyalari, o0zig-ovgat texnologiyalari,
huqugshunoslik, pedagogika, filologiya kabi yo‘nalishlarda ham ekologik bilimlar
zarurligi asoslanmoqda.

Zero, Yurtboshimiz ta’kidlaganlaridek “Hozir ekologiya xuddi ragamli
texnologiyalarday dolzarb. Kelajakda hamma soha atrof-muhit bilan hamohang bo‘ladi”
[5].

Mamlakatimizda so‘nggi yillarda barcha jabhalar qatorida ekologiya, atrof-muhitni
muhofaza qilish va tabiiy resurslardan oqilona foydalanish sohasida to‘lagonli huqugiy-
me’yoriy baza yaratilgan va bu sohada izchil ishlar olib borilmogda. Shu bilan birga, bu
borada o‘tkazilgan tahlil natijalari yoshlarni tarbiyalashda ekologik tarbiyani
takomillashtirish zaruratining mavjudligini hamda aholining ekologik madaniyatini
rivojlantirishda kompleks yondashuv va strategik rejalashtirishni amalga oshirish
zaruratini ko‘rsatmoqda [6].

Shu munosabat bilan 2024-yilning 29-oktabrda Oliy ta’lim, fan va innovatsiyalar
vaziri tomonidan “Ekologiya, atrof-muhitni muhofaza gilish va iqlim o‘zgarishi sohasida
kadrlar tayyorlashni amaliyot bilan muvofiqlashtirish to‘g‘risida” gi 407-sonli buyrug’i
imzolandi [7]. Ushbu buyrugga asosan, ikkita muhim masalani amalga oshirish nazarda
tutilgan. Xususan, 2025-yil yanvardan boshlab bakalavriat ta’lim yo‘nalishlarining
xususiyatini inobatga olgan holda ekologiya va atrof-muhit muhofazasi yo‘nalishlari
yuqori bosqich talabalarining amaliyotlarini dual ta’lim tizimida yo‘lga qo‘yish masalasi
bo‘lib, Qashqgadaryo viloyati Ekologiya, atrof-muhitni muhofaza qilish va iqlim o‘zgarishi
boshgarmasida Agrokimyo va ekologiya kafedrasining filiali tashkil etildi. Shu bilan
birga, 2025-2026 o‘quv yilidan boshlab bakalavriat ta’lim yo‘nalishlarining xususiyatini
inobatga olgan holda o‘quv rejalari tanlov fanlari blokida sohaga yo‘naltirilgan
“Ekologiya va atrof-muhit muhofazasi” fani o‘qitilishini ta’minlash choralarini ko‘rish
vazifalari belgilangan [7].

Ushbu sohadagi o‘quv reja va fan dasturlarining jahon standartlariga mos bo‘lishi
va eng so‘nggi yangiliklarga asoslangan ma’lumotlar bilan boyitilishi maqsadga
muvofiqdir. Aynigsa, yoshlarni mustaqil fikrlashga yo‘naltirilgan, fan yuzasidan ijodiy
qobiliyatlarini rivojlantirishga qaratilgan interaktiv metodlardan foydalanish muhimdir.
Xususan, yoritilayotgan mavzular mazmun mohiyatidan kelib chigib bashorat gilish, agliy
hujum, qadriyatlarga aniqlik kiritish, ekologik g‘amxo‘rlik, munozarali ma’ruza, kichik
guruhlarda ishlash kabi metodlarni ishlab chiqish va o‘quv jarayoniga tatbiq etish o‘z
samarasini beradi.

Natijalar va muhokama. Mazkur buyruq nobiologik ta’lim yo‘nalishlarida
“Ekologiya va atrof-muhit muhofazasi” fanini o‘qitishning o‘ta dolzarb vazifalardan biri
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ekanligidan dalolat beradi. Shu bois, Qarshi davlat universitetining ko‘plab nobiologik
yo‘nalishlari o‘quv rejasiga tanlov fan sifatida “Ekologiya va atrof-muhit muhofazasi”
hamda “Atrof-muhitni muhofaza qilish va yashil rivojlanish” fanlar kiritildi. Xususan,
igtisodiyot, inson resurslarini bosgarish, marketing, axborot tizimlari va texnologiyalari,
rangtasvir, dizayn, filologiya va tillarni o‘qitish, kimyo, geografiya va boshqa shu kabi
yo‘nalishlar. Mazkur fanni o‘qitish magsadida barcha yo‘nalishlar uchun mos bo‘lgan
mavzular tanlab olindi. Ma’ruza, amaliy va mustaqil dars mashg‘ulotlarida mavzularning
bir-biriga bog‘liglik jihatlari va bir-birini to‘ldirib borishiga katta ahamiyat berilgan.
Mavzulardagi tizimlilik va uzviylik yoshlarda ekologik tushuncha va ko‘nikmalarni tarkib
toptiradi, barcha mutaxassisliklar uchun xos bo‘lgan universal kompetensiyani
shakllanishiga olib keladi. Buning natijasida talabalarda fan-texnika taraqqgiyotining
tabiatga ta’siri, biosferaning o°zgarishi, insonning xo‘jalik faoliyatini tabiatga salbiy va
ijjobiy ta’siri haqida tasavvur shakllanadi, hamda talabalar turli darajadagi ekologik
muammolarni tahlil qila olish, tabiatdan foydalanishning ekologik prinsiplari, o‘simlik va
hayvonlarni muhofaza qilish, tabiiy resurslardan ogilona foydalanish va muhofazasi
bo‘yicha yechimlar topa bilish, tadbirlarni rejalashtira olish va amalga oshirish

ko‘nikmalarga ega bo‘lishadi. Quyida o‘quv dasturlarining tematik rejasi keltirilgan.
“Ekologiya va atrof-muhit muhofazasi” fanining tematik rejasi

Tir Ma’ruza

Amaliy mashg‘ulot

Mustagqil ta’lim

Kirish. Hozirgi zamon
1. . .
ekologik muammolari

Ekologiyada
go‘llaniladigan usullar

Ekologiya fani, uning bo‘limlari,
vazifalari

Ekologiya fani va
uning magsad va

Muhit va ekologik omillar.

2. . S TR Inson va tabiiy landshaftlar | Muhitga organizmlarning
vazifalari, rivojlanish L
- moslashishi
tarixi
Ekologik omil va O'simlik qqplamlnl Suv, havo va tuproq muhitlari va
3. X muhofaza qilish, L o
gonuniyatlar s ularning ifloslanishi
qo’rigxonalar
- Hayvonot dypyosm_l . Tabiat va jamiat orasidagi
Tabiiy resurslar va muhofaza gilish (milliy . .
4, : . . o . .. | munosabatlar. IImiy texnika
ularning turlari bog‘lar, buyurtmalar, “qizil N ? N
Kitob) taragqgiyotining tabiatga ta’siri
5 Biosfera. Ekotizimlar O‘zbekiston tabiat QZ?I?;:E::,?i?ygzlzllg;iﬂamsmn'
ekologiyasi yodgorliklari muhofazalanish
6 Atmosfera va uni Iglim o°zgarishi ;ﬂ%ﬁ?@ﬁ:%iﬁ;@pr;rgﬁ?g'
' muhofaza qilish muammolari gaq

kurash

Gidrosfera. Tabiatda
7. | suvning roli va

Suv muhiti omillariga
organizmlarning

O‘simliklar dunyosini muhofaza
qilish. O‘simliklarni tabiatda

hududlar

bo‘yidagi ijtimoiy va
ekologik muammolar

ahamiyati moslashishi tutgan o‘rni, xususiyatlari
Litosfera Tuprog Tupro_q muhlt'l omillariga H_ayvonot dunyosini muh(_)fgza
8. Lo organizmlarning gilish. Hayvonot  dunyosining
degradatsityasi S . e
moslashishi biosferadagi o‘rni
Orol fojeasi va uni oldini Shovq!n hagida .tu.shuncha.
. . P Shovgin manbalari, inson
Muhofazaga olingan olish yo‘llari, Orol L . Y
9. organizmiga shovqining ta’siri.

Akustik ritmni yaxshilash
chora-tadbirlari

10. | Chigindilar muammosi

Har xil joylardagi shovgin
kuchini aniglash

O‘zbekiston agroekotizimlari
muammolar, bartaraf etish
yo‘llari

Monitoring
11. | tushunchasi usullari va
turlari

Qishlog xo‘jaligi va
biosfera

Ekoturizm va uning turlari

189




QarDU xabarlari EKOLOGIK MUAMMOLAR VA YECHIMLAR 2025 3(2)

Atrof-muhitni halgaro- ] . . . . - .
12. | huqugiy muhofaza S zbeklstqnn_llng_ehk_ologlk Marka2|y|0§|yon|ng ekologik
qilish argaror rivojlanishi muammolari
Tgplatnl’muhofaza Ekologik siyosat va Ekologik ong va madaniyatni
13. | qilish ta’lim va ekologik xavfsizlik shakllantirish yo*llari
tarbiyaviy xususiyatlari g y

“Atrof-muhitni muhofaza qilish va yashil rivojlanish” fanining tematik rejasi

Tir Ma’ruza Amaliy mashg‘ulot Mustaqil ta’lim
Kirish. Atrof-muhitni
muhofaza gilish va yashil Jahonda atrof-muhit

Biosferaga ko ‘rsatayotgan

1. rivojlanish fanining magsad muhofazasi va yashil

va vazifalari, rivojlanish ta sir rivojlanish siyosati

tarixi

Fan—te>_<n|ka taragqiyoti va Atmosferani ifloslanishi va | Ekologik ta’lim-tarbiya
2. ekologik muammolarning

yuzaga kelishi oldini olish masalalari

Orol dengizi qurishi
Gidrosferani ifloslanishi va | ogibatida kelib

3 Biosfera — global ekotizim oldini olish. chigayotgan ijtimoiy-
ekologik muammolar
Litosferani ifloslanishi va Urbanizatsiya va atrof-
4, Global iqlim o‘zgarishi oldini olish .
muhit
O‘zbekistonda
5. Atmosferani muhofaza gilish Tgbiiy resurslar, _ularni gtmosfe_raqing .
tejash muammosi ifloslanishi va uning
oldini olish choralari
Hozirgi zamonning O‘simlik va hayvonot
6. Gidrosferani muhofaza gilish | ekologik muammolari dunyosini muhofaza
qilish.
7 Litosferani muhofaza gilish Qish'loq xo‘jaligi va atrof- Iqlim o‘zgar.ishi
muhit muammolari
Orol fojeasi va uni oldini
8 Bioxilma-xillikni muhofaza olish yo‘llari, Orol Atmosfera havosini
' qgilish bo‘yidagi ijtimoiy va ifloslanish muammolari
ekologik muammolar
Tabiiy resurslar va ulardan | gjo i yilma-xillikni Suv resurslarini
9. samarali foydalanishning ; - .
saglash ifloslanish muammolari

igtisodiy va ekologik jihatlari

Xalq xo‘jaligida qayta
10. | Chigindilar muammosi tiklanadigan energiya
manbalaridan foydalanish
Bioenergiyadan

Yer resurslari va ularni
ifloslanish muammolari

Muhitni shovgindan Quyosh energiyasi va

1. muhofaza gilish fpydala_mshnlng ekologik undan foydalanish
jihatlari.
12 Mugobil energiyaning Barqaror rivojlanishning gll:\rqazdaihzsseir:/ei uin(;an
" | jamiyat hayotida tutgan o‘rni. | ekologik jihatlari. turlari 9 gty
13 Sngfikstrzgﬁ?);ﬁ\ur?ggl Ekologik siyosat va Shamol energiyasi va
' gtya mar . . ekologik xavfsizlik uning ahamiyati
foydalanish imkoniyatlari.
Jahonda yashil rivojlanish . .
14. | muammosi va bargaror Chigindilar muammosi. Bl(‘)gaz.dan foydalanish
. T yo‘llari
taraqqgiyot strategiyasi.
Atrof-muhit muhofazasida Yashil makon dasturi va Atom elektr stansiyalari
15. | ekologik ta’lim-tarbiya yuksak ma’naviyatli shaxs hagida umumiy
masalalari modeli. tushuncha

Shuni aytish joizki, nobiologik ixtisoslik yo‘nalishlarining tor (spetsifik)
xususiyatidan kelib chiqqan holda mazkur o‘quv dasturini 5-10% atrofida o‘zgartirish
ya’ni moslashtirish, talabalarga berilayotgan ekologik bilimlar doirasini yanada
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Jamiyatda fugarolarning ekologik savodxonligini sezilarli darajada oshirish,
shaxsning individual gobiliyatlari va ehtiyojlariga mos keladigan yangi qadriyatlarni
shakllantirishga bo‘lgan ehtiyoji bo‘lajak mutaxassislarning ekologik ta’limini
takomillashtirishga jiddiy talablar qo‘yadi. Ekologik ta’lim yagona yaxlit jarayon sifatida
ma’lum ijtimoiy voqelik kontekstida mavjud bo‘lib, uni belgilovchi ijtimoiy hodisalardan
ajralgan holda ko‘rib chiqilishi mumkin emas. Ekologik ta’limning ijtimoiy jihati uning
jamiyat rivojlanishining ijtimoiy-ekologik asoslari bilan bog‘liq. Ekologik ta’lim muayyan
ijtimoiy muhitda ishlaydi, u o‘z izini qoldiradi va o‘zi nafaqat pedagogik, balki ijtimoiy
hodisa sifatida ham namoyon bo‘ladi. Ekologik ta’limning ijtimoiy jihatlari ta’lim
jarayonini nazariy va pedagogik tahlil gilishni davom ettirishi va chuqurlashtirishi lozim.
Universitet talabalariga ekologik ta’limning ijtimoiy jihatlari bo‘lajak mutaxassislarga
nafagat tahliliy, balki prognostik (oldindan bashorat qilish) xarakteriga ega bo‘lgan
ekologik bilim, ko‘nikma va malakalarni berish zarurati bilan bog‘liq.

Insoniyat va atrof-mubhit o‘rtasidagi munosabatlar tarixiy ahamiyatga ega bo‘lib,
ilmiy, estetik, axlogiy, ijtimoiy va huquqgiy jihatlaridan xabardor bo‘lish aholining
ekologik bilimlarini shakllantirishning asosiy sharti hisoblanadi [8].

Ekologik ta’lim, ekologik muammolardan xabardor bo‘lgan, bu muammolarga
befarq bo‘lmaydigan va wularni hal qilishda hissa qo‘shishga tayyor insonlarni
yetishtirishga qaratilgan. Tabiatga befarq bo‘lmagan shaxslarni tarbiyalash, ekologik
ko‘nikma, bilim, motivatsiya va mas’uliyatga ega bo‘lgan aholini shakllantirish ekologik
ta’limning asosiy global magsadlaridan biridir [9].

Xulosa va takliflar. Xulosa qilib aytganda, nobiologik yo‘nalishlarda ekologiya
fanini o‘qitish zamonaviy ta’lim tizimining ajralmas qismi bo‘lib, nafaqat nazariy
bilimlarni, balki ekologik qadriyat va mas’uliyatni ham shakllantiradi. Bu jarayon orqali
ekologik xavfsizlikni ta’minlaydigan, barqaror rivojlanishga hissa qo‘shadigan
mutaxassislarni tayyorlash imkoniyati yaratiladi. Nobiologik yo‘nalishlarda ekologiya
fanini o‘qitish jarayonida quyidagi muhim jihatlarga e’tibor qaratish lozim.

1. Nobiologik yo‘nalishlar uchun ekologiya fanining maxsus dasturlarini
ishlab chiqish. Bugungi kunda ekologik muammolar sayyoraviy va umuminsoniy
xarakterga ega bo‘lib, nobiologik ixtisoslik talabalarida ham ekologik bilimlarning
zarurati yuzaga keldi. Chunki har bir soha tabiat va resurslardan foydalanadi hamda atrof-
muhitga ta’sir ko‘rsatadi. Shu sababli bu yo‘nalish talabalari uchun o‘qitiladigan
“Ekologiya” kurslarida mutaxassisliklar xususiyatidan kelib chiqgan holda, muayyan
mavzularga asoslangan maxsus dasturlar ishlab chigish lozim deb hisoblaymiz.

2. O‘qitishda interfaol metodlar va raqamli texnologiyalarni keng qo‘llash.
Ekologiyani o‘qitishda an’anaviy uslublar yetarli emas. Chunki ekologik bilimlar
amaliyotga yo‘naltirilgan, talabalarni mustaqgil fikrlashga undaydigan jarayonni talab
giladi. Shu sababli interfaol metodlar va ragamli texnologiyalarni keng joriy etish zarur.
Bunda talabalarda mustaqil fikrlash, tabiat bilan uyg‘un ishlash, muammoga kreativ
yondashish ko‘nikmalari shakllanadi. Ekologik ta’limda samaradorlik ortadi va talabalarda
“Ekologiya” zerikarli fan emas, balki zamonaviy va hayotiy soha sifatida namoyon
bo‘ladi.

3. Xorijiy tajribalarni o‘rganish va milliy ta’lim tizimiga moslashtirish. -
Dunyoning ko‘plab rivojlangan davlatlarida ekologiya ta’limi bolalar bog‘chasidan
boshlab oliy ta’limgacha uzluksiz tarzda yo‘lga qo‘yilgan. O‘zbekiston uchun esa xorijiy
ilg‘or tajribalarni o‘rganib, ta’lim tizimiga moslashtirish zarur. Bu yondashuv bizda
ekologik ong va madaniyatni yanada samarali shakllantirishga xizmat giladi. Buning
natijasida talabalar xalgaro darajadagi bilim va ko‘nikmalarga ega bo‘ladilar, jamiyatda
ekologik ong va mas’uliyat yanada kuchayadi.

Har bir insonning ekologik mas’uliyatini oshirish, uni amaliy hayotda qo‘llashga
yo‘naltirish muhim vazifadir. Shu sababli, ekologik ta’limni har tomonlama rivojlantirish
va jamiyatning har bir gatlamiga singdirish zarurdir [10].
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