. _i\jiniyaz atindagn
NOKIS MAMLEKETLIK
PEDAGOGIKALIQ INSTITUTI

R

ILIM HAM JAMIYET

Hlimiy-metodikaliq jurnal

FAN VA JAMIYAT

lImiy-uslubiy jurnal

2026/5-1

www.journal.ndpi.uz



ISSN 2010-720X
2004-jildin mart aymnan baslap shiga basladi

()ZBEKSTAN RESPUBLIKASI MEKTEPKE
ShEKEMGI HAM MEKTEP BILIMLENDIRIWI
MINISTRLIGI

Ajiniyaz atindagi Nékis mamleketlik
pedagogikahq instituta

ILIM ham JAMIYET

Ilimiy-metodikahq jurnal
Seriya: Tabiyiy ham texnikahq ilimler

Ajiniyoz nomidagi Nukus davlat
pedagogika instituti

FAN va JAMIYAT

IImiy-uslubiy jurnal
Seriya: Tabiiy va texnika fanlari

Hykycckuil rocyaapCTBEeHHbIN NeAaroru4ecKuil
UHCTUTYT UMEHHU AKUHUA3A

HAYKA u OBIIECTBO

Hay4yHo-MeTOAMYeCKUI Ky PHAJ
Cepusi: EcTecTBeHHO-TEXHUYECKHE HAYKHU

Nukus State Pedagogical Institute
named after Ajiniyaz

SCIENCE and SOCIETY

Scientific-methodical journal
Series: Natural-technical sciences

Ne 5/1




Ilim hdm jdamiyet. /25.2026

Shélkemlestiriwshi: Ajiniyaz atindagi Nokis mamleketlik pedagogikalq instituta

ham jurnal redakciyasi1 jamaati

Shoélkemlestiriw komiteti bashgi, NMPI rektor1 — A. T.UBBIYEV

Bas redaktor — A.K. PAZILOV

[ REDKOLLEGIYA AGZALARI }

ﬂx.i.f.d. Abro Abdul Ahad (Pakistan); \
b.i.d. (DSc), prof. Ajiev A. (Nokis);

b.i.f.d. (PhD), doc. Begjanov M. (Nokis);
tex.i.d., doc. Dawletmuratov B. (Nokis);
e.i.f.d. (PhD), doc. Eshimbetov U. (Nokis);
b.i.d., prof. Ferah Sayim (Turkiya);

f-m.i.k., doc. Ibragimov M. (Nokis);
f-m.i.d., prof. Ismaylov Q. (Nokis);

tex.i.d., prof. Jephias Gwamuri (Zimbabve);
a/x.i.d., prof. Jumamuratov A. (Nokis);
b.i.d. (DSc), prof. Jumamuratov M. (Nokis);

f-m.i.d., prof. Karajanov S. (Norvegiya);

f-m.i.d., prof. Khalilov R. (Azerbayjan);

f-m.i.d., prof. Kamalov A. (Nokis);
\x.i.f.d., Ph.D Kumar Deepak (Hindstan); /

x.i.d., prof. Mustafayev I. (Azerbayjan);
x.i.d., doc. Nawbeyev T. (Nokis);
f-m.i.d. (DSc), prof. Otemuratov B. (Nokis);
f-m.i.d. (DSc), prof. Prenov B. (Nokis);
b.i.d. (DSc), doc. Saparov A. (Nokis);
f-m.i.d., prof. Sasirekha V. (Hindstan);
tex.i.d. (DSc), prof. Seytnazarov Q. (Nokis);
x.1.d., prof. Toremuratov Sh. (Nokis);
g.i.d., prof. Turdimambetov I. (Nokis);
e.i.d., doc. Tajibaeva K. (Tashkent);
f-m.i.k., doc. Tanirbergenov S. (Nokis);
f-m.i.d., prof. Uteuliev N. (Nokis);

vm.i.d., prof. Yavidov B. (Nokis).

ﬂm.i.d., prof. Qudaybergenov K. (QItay)\
b.i.d., prof. Markov M. (Moskva);

A

/

Q.Biysenbaev — juwaph xatker

Z.Xodjekeeva — korrektor
N.Allamuratova — operator

Juwaph redaktorlar:
f.i.d. (DSc), prof. S.Matyakupov — ézbek tili boyinsha
f.i.d. (DSc), prof. G.Kdirbaeva — rus ham inglis tilleri boyinsha

p.i.d. (DSc), prof. D.Seytkasimov — qaragalpaq tili boymsha

~

)

Jurnal 1992-jildan
«Qaraqalpaqstan mugallimi»
atamasinda shigarila baslagan.
2004-jilda «Ilim ham jamiyet»
atamasina ozgertilip, 01-022-
sanh guwaliq penen
Qaraqalpaqgstan Respublikasi
Baspasoz ham xabar agentligi
tdrepinen dizimge alingan.

2020-j1h 7-avgustta
Ozbekstan Respublikasi
Prezidenti Administracyasi
janindagi xabar hdm dalaba
kommunikaciyalar  agentligi
tdrepinen qayta dizimge alinip,
1098-sanl giwaliq berilgen.

N

hdm jamiyet» jurnali

Attestaciya Komissiyast1 kollegiyasinin qarari
menen tomende korsetilgen ilimler boyinsha ilim

doktort  ddrejesin aliw ushin  magqalalar
jdariyalaniwi tiyis bolgan ilimiy basilimlar dizimine
kirgizilgen:

- 01.00.00 - fizika-matematika ilimleri;
-02.00.00 - ximiya ilimleri;

- 03.00.00 - biologiya ilimleri;
-05.00.00 - texnika ilimleri;

-07.00.00 - tariyx ilimleri;

-10.00.00 - filologiya ilimleri;
-11.00.00 - geografiya ilimleri;
-13.00.00 - pedagogika ilimleri;

- 19.00.00 - psixologiya ilimleri.

/«Ilim O'Zbek.%
Respublikasi Ilimler akademiyasi janindagi Joqari

A




Ilim hdm jdamiyet. /25.2026

TABIYLY HAM TEXNIKALIQ ILIMLER
Fizika-matematika. Texnika. Informatika

PAJIMOHABUI'ALIUA TU3UMJIAPUHU TAJKUK KWK YYYH
MATLAB/SIMULINK ACOCHJATH KOMIUIEKC CUMYJISINUA APXUTEKTYPACH
SmmypanoB JAuamon JIbMYPagoBHY — mexHUKd hauiapu HoM300u, OoyeHm
e_dilshod69@mail.ru
CaupnoBa I'ya1uexpa DpKHHOBHA — Kamma YKUmysuu
gulisaidova62@gmail.com
Towxenm ax6opom mexHoN0UANAPY YHUBEPCUMEMU
AamypanoB Temypmanuk Junmon Yram — kamma yxumyeuu
temurmalikelmuradov@yandex.ru
Towxenm oagaram UKMuUcoouém ynugepcumemu

KOMIUVIEKCHASI APXUTEKTYPA UMUTAIMOHHOI'O MOJEJINPOBAHUSA
HA OCHOBE MATLAB/SIMULINK JJIsA UCCJIEJOBAHUS CUCTEM PAIMOHABUT'AIIUN
Smmypanos Jduiamon IAbMypPagoBHy — KaHOUOAN MEXHUYECKUX HAYK, OOYeHMm
Canposa I'yiauexpa DpKMHOBHA — cmapuiutl npenooagamens
Tawkenmckuil yHugepcumem uH@opMayuOHHbIX MeXHON02UlL
dasmypagos Temypmanuk AuiamoaoBuyd — cmapuiuil npenoodaeameins
Tawkenmckutl 20cy0apcmeeHtblll SIKOHOMUYECKUL YHUBEPCUMEem

A MATLAB/SIMULINK-BASED INTEGRATED SIMULATION ARCHITECTURE
FOR THE STUDY OF RADIONAVIGATION SYSTEMS
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Tasinu cy31ap: pagHoOHABUTAIMA THU3UMIIAPH, WIIOHWIMINK, MapkoB 3amxupiapu, GNSS/INS uHTEerpanusacu, Kyn
areHT)In MOHUTOPUHT TH3UMH, MATLAB/Simulink, cuMmymnsanus apXuTeKTypacu.

Pe3rome. Makonaza XaBo XapakaTMHU OOLIKapWII TH3MMMIArd PaJdOHABUTAIIUS BOCHTAIAPHHUHT WIIOHWINIMIHHH,
GNSS/INS wuHTerpanusCHHM Ba KYI areHTIM JHATHOCTHKA TH3MMJIAPUHM STOHA MACTYypHA MYXMTAa TaJAKUK KHJIUII
umkonuntu 0epyBurn MATLAB/Simulink acocuaars KOMIUIEKC CUMYJISIIIAS APXUTEKTYPACH TaKIU( 3TUIraH. ApXUTEKTypa
TYpTTa ¥3apo OOFJIMK MOIYJ/NAH — MINOHWIMINK CUMYJISLIUACH, HABUIALUS CUMYJISLMSICH, XaJaKUT TeHEPAIMsICH Ba KYII
areHTIM MOHHUTOPHHI CHUMYJSIMACH — uOopar Oynub, xap OMpH IUCCEpTALMSHUHT TETHIUIM WIMHH HaTHXalapuHU
JacTypuil paBUIIIa BepH(UKAMA KWIMII yIyH MyJDKaJulaHrad. Moayiiapapo MablyMOT ajlMallMHYBH Ba WHTErpanus
MeXaHM3MJIApU KYpuO 4MKWIIaAu, UIYHHHTAEK, Xap Oup moxymHuHr MATLAB Toolbox Tapkubu acocnanaau. Takmud
STWITAH EHMAIIYB paJUOHABUTAIM TH3MMJIApH OyiiMua WIMHN-TagKUKOT WIUIAPUHU aBTOMATJAIITHPHUII Ba TaKPOPHH
CHHOBJIaH YTKA3WII UMKOHUSTHHU OIINPATIH.

KiroueBble ciI0Ba: CUCTEMBI paJIHOHABUTANINH, HAEKHOCTE, e MapkoBa, uaTerpamus GNSS/INS, MHOrOareHTHas
cucrema moHutopuara, MATLAB/Simulink, apXuTekTypa UMHTAITHOHHOTO MOICITHUPOBAHUS.

Pe3tome. B crathe mpemioxkeHa KOMIUIGKCHAs apXUTEKTypa HWMHTAlMOHHOTO MOJENMpPOBAaHUs Ha 0Oase
MATLAB/Simulink, mo3Bosisitomniasi HCCASI0BATh B IUHON MPOrPAMMHOM cpelie HAJAEKHOCTh CPEICTB PATUOHABUTAIIHH
CHCTEMbI OpraHU3alMy BO3yLIHOTO NBIKeHus, nHTerpainio GNSS/INS u paboTy MHOTOareHTHbIX CUCTEM JUarHOCTHKH.
ApPXHUTEKTypa COCTOMT U3 YETHIPEX B3aMMOCBS3aHHBIX MOIYyJIEH — MOAEIMPOBAHUS HAAEKHOCTH, MOJCTHUPOBAHHS
HaBUTAIUH, TEHEPALUU IIOMEX U MOJEIINPOBAHHS MHOTOAr€HTHOIO MOHUTOPHHIA, KaXKABII U3 KOTOPBIX MpeAHA3HAYEH Ui
NIPOrpaMMHON BepH(UKAILMN COOTBETCTBYIOIIMX HAYYHBIX PE3yJIbTaTOB JAWCCEpTalMU. PaccMOTpeHb MEeXaHU3MBbI OOMeHa
JTAaHHBIMH ¥ MHTETPAIlMH MEXy MOIYJISIMH, a Takke 000cHOBaH coctaB ncnosbzyeMblx MATLAB Toolbox jyist kaxmoro
Moxyns. IlpemymoskeHHBIM MOAXOX TOBBIIIAET BO3MOXKHOCTH ABTOMATH3aIlMM W BOCIIPOM3BOIMMOCTH  HAYYHBIX
HCCIICIOBAaHUN B O0JIACTH CHCTEM PaJMOHABUTAIINH.

Key words: radionavigation systems, reliability, Markov chains, GNSS/INS integration, multi-agent monitoring
system, MATLAB/Simulink, simulation architecture.

Summary. This paper proposes an integrated MATLAB/Simulink-based simulation architecture that enables the study
of radionavigation equipment reliability within air traffic management systems, GNSS/INS integration, and multi-agent
diagnostic systems within a single software environment. The architecture consists of four interconnected modules —
reliability simulation, navigation simulation, interference generation, and multi-agent monitoring simulation — each
designed to provide software-based verification of the corresponding scientific results of the dissertation. The data
exchange and integration mechanisms between modules are examined, and the composition of the MATLAB toolboxes
used in each module is justified. The proposed approach enhances the automation and reproducibility of research in the
field of radionavigation systems.

Kupnm. Xaso xapakatnHu Oomkapum (XXB)  paamonaBuranus BocuranapuHusr (PHT) nmonwmmnuruam
TU3UMJIAPUHU  MOJAEpHM3alMs  Kwinm  okapaéHuna  tabmumtam, GNSS/INS  HaBuranms — TH3MMIIAPUHHMHT
—_—— 3} —mee——_
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HHTETPaLUSICHHU TaKOMMJUIAIITHPHLII Xamza
HOCO3TUKIIAPHU V3 BaKTHAAa aHUKIAWIUTaH KYI areHTIu
MOHHUTOPHHT TH3UMJIAPHHH >KOPHH STHUII ¥3apo dambapdac
O0ormuK Basudanap xpcobimaHagu. YmoOy BazudarapHUHT
xap OMpWHU Hazapwii )KHXATHaH Xall KWKl OWjaH Owp
KaTopJa, TaKmug 9THHAETTaH MoJesuIap Ba
ANrOPUTMIIAPHUHT  amMaluil  caMapafopiMIMHHM  peal
TU3UMIa SKOPUM JTUIIAH OJAUH JAcTypudl MyXuTAa
CHUHOBJaH YTKa3UI 3apypaTH MaBxkyJ. bupox amabuériap
Iapxu LIYHA KypcaTaauky, WIIOHYIIHIIHK
MozemnamTupumr  [1-3], HaBUramus —ajJropuTMIIApUHU
CHUHOBJAH YTKaszum [5-7], Xamakutiapra OapIOIUIMKHU
6axosam [8] Ba KyI areHTNIM AWAarHOCTUKA TH3UMIIapH [9],
omatna, OwWp-OMpWmaH aloxXuaa NacTypuil BOCHTAlapia
amanra ommpwiaadn — Oy 93ca  Typam  TaAKUKOT
HATIOKAIAPUHU SAXJIUT XOJAa TAaKKOCHall Ba YJIapHUHT
¥3apo TabCUPUHA 0AXONANTHA KHHUHIAII THPAIH.

Ma3kyp MaKOJNaHHHI MAaKCaau — IOKOpHIAa Kaifg
STWIraH TYpTTa HYHAJIUIIHM STOHA JAcTypudl MYyXMTIA
OMpPIIAIITUPYBYH, MATLAB/Simulink acocujaru
KOMIUIEKC CUMYJISIIMSL QDXUTEKTYPACHHH TAKINA( ITUIIIAND.
Taknud 3THNAETraH apXUTEKTypa AUCCEPTAIMs JOHpacHIa
nniad YMKWITaH Ha3apuid HaTKadapHu — Mapkos-baiiec-
Oera-pakrop  mmoHwrmwMK  MoxermHH,  GNSS/INS
narerpanmsicuaa CKF acocmmarn MocrianryBuaH XamakuT
KoMIleHcauusich  anroputMuan  xamaga KAMAT  xyn
areHTIM MOHMTOPUHI Ba JHArHOCTHKA THU3UMHHU —
JacTypuil paBUIIAa BepuUKanus KWIMII Ba yJap
Vpracugarn  y3apo  OOFMUKIMKHUM  HAMOWHWIN  STHUII
UMKOHUHU Oepaau.

Acocuii kucMm. 1. Kommiaekc apXuTeKTypaHMHT
ymymuii  Tyswammm. Takimd osTunaérraH  CUMYJISIIAS
KOMIUIEKCH Mapkazuii Oomkapys moaynu (MATLAB 6o
ckpuntu Ba Simulink mozenu) opkaiau OoLIKapuiaIUraH
TYypTTa (QYHKIMOHAI MOJIYNJaH HOOpaT: WIIOHWIMINK
cumymsimuss - Moy (MICM), GNSS/INS  nHaBuranums
cumyssinust Monynu (HCM), xamakuT TreHeparsi MOAYIH
(XI'M) Ba KAMAT cumynsmus wmoxmymun  (KCM).
Monaynnap ymymuit MabpirymoTinap muHacu (Simulink Bus
oobekTiiapy Ba MATLAB Function 6nokiapu) opkaiu
y3apo Oormanran Oynub, xap OUp MOIYTHHHI YHKHII
HaTIKaJIapy SIKYHUH KOMITIEKC camapanopiuk uejaekcH (E)
xpcoOura WHTErpanusiamiagu. byHmal Ty3mnMa ajoxuma
MOIYyJUIApHM MYCTAaKMJ paBHIIa HHUIA0 YHKWII Ba
CHHOBJAH YTKA3WIN, LIYHHHTJEK yJapHH 3apyp XoJsaTnaa
SIXJIT CLEHapHUiiia OUpranyKia uira TymApUII UMKOHHUHI
6epanu (1-pacm).

MAPKA3Mii BOLIKAPYB MOAYNH
(MATLAB Main Script / Simulink Model)

/7\\

Ucm HCM xXrm KCM
GNSS/INS naswraums Xanaxut rewepaums KAMAT cumynsuus
CuMynsUMS MORYNM mogymm moaynm
(EKF/UKF/CKF, (jamming, spoofing,
Navigation Toolbox, MMNYALCAN XANKMT) CUSUM/EWMA,
Aerospace Blockset) MATLAB-Python Bridge)

Vwosamnnx cusynauns
moRym"
(Markov + Monte-Carlo,
Statistics & ML Toolbox)

(jn arescram Twswm,

T, W e

MOAYNNAPAPO MAB/TYMOT A/IMALIMHYBH
(ymymmis mannymotnap wwsacw / Simulink Bus,
MATLAB Function 6noxnapw)

— _

‘ AFOHA KOMMEKC }

CAMAPAZIOP/IMK MHAEKCH (E)

1-pacm. MATLAB/Simulink acocudaecu xomnuexc
CUMYTAYUS APXUMEKMYPACUHUHS MY 3UTULU
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bynna MapKa3uit Oomrkapys MOJTyJIN
MATLAB/Simulink  mMyxuTuma  MoaenHUHr  Oapdya
xpcobmam  kapaCHIApUHH ~ MyBO(UKIAIITHpanAd  Ba
nmoHwINK  cumyisammsicn, GNSS/INS  HaBuranms

CHUMYJISIIIMACH, XaJaKWTJIAPHM TEHEepanus KWINII XaMmIa
Ky areHmIn MOJC/UIAIITHPHII MOIYJUIApH YpTacuaaru
¥3apo XaMKOpJIMKHH TabMUHIAWau. Xap OWp MoIyJsiaH
onvHraH xucoOmam Harwxkanapu Simulink Bus opxanm
ArOHAa MabJIyMOTJIap aJMallMHYB MYXUTHIa y3aTHJIagd Ba
KOMIUIEKC TaxJIMI KHJIMHAIU. Monyinapapo HHTErpaus
HaTWKacuga TH3UMHHMHT  HMUIOHWIWJINTH,  HaBUTAIUA
AQHUKJIUTH, XaJlaKuTIIapra OapIoUUTHITUT U Ba
SKCILTyaTalliOH CaMapaJopiIMId XUcoOra OJMHTaH XOJJa
STOHA  KOMIUIEKC  camapanopiuk  umHuekcu  (EEE)
IMIaKUIAHTHpUIand. byHmall apXuTekTypa MOJICIHHHT
MOJYJUIWINTHHY, KEHTaWTUPWINII HMKOHHUSATHHH XaMza
Typad  O3KCIUTyaTanusl — CHEHapHilnapuaa  Xucobmamn
HaTIKAIAPUHIHT WIIOHYIHIIATH Ba
TaKpOpJIaHYBYAHIUTUHU TabMUHIANRIH.

2. WNmoHwiwmk cumyiasuus wmoxyaun (MCM).
Maskyp moayn Mapkos-baiiec-6eTa-(hakTop HIIOHUWIHIHK
MoJenuHu [2-4] macTypuil paBHIAa aMajira OIIMPHIIra
MyDkauaHrad. Moayna dekiam Xonamiap (asocHHH Ba
XOoNaTiap YpTacugard YTHII WHTEHCUBIMKIAPHUHU aKC
3TTUpPYBUM reHeparop MaTtpuuanu MATLAB myxutnga
Kypamu xamaa Yenmen—KoaMoropoB — TeHriamamapu
TU3MMUHH COHJIN yCyina edaan [3]. AHATUTHK eduM OWiIaH
oup kartopaa, momyn Statistics and Machine Learning
Toolbox Bocutacmma MonTe-Kapno ycymmma Ttakpopuit
(10* —10° mapTa) cUMynAUMS YTKA3UII MMKOHMHH Gepaiu
— OyHaa Xap OMp CHHOB Tpaccacuaa TU3UMHHHI XoJaTiap
KEeTMa-KeTJIUTH TacoAu(uil COHNap reHeparopu €pramuaa
MOJICITAIITHPIIIAAN Ba HaTHXKajlap aHATUTHK €4uM OnitaH
CTaTUCTHK >KUXATJIaH TaKKOCIaHau [1, 4].

3. GNSS/INS HaBuraumMsi CHUMYJISUUSI MOAYJIH
(HCM). Maskyp TaJIKUKOT HaTHXKacuga CKF
ITOPUTMUHHUHT CaMapaJOpiUTHHN 0axoJylalm Makcaauia
YHHHT HaBHT'allMOH aHUKJINTH, XUCOOIan GapKapopIiury Ba
XaJlaKuTiapra YU IAMIIHIIATH EKF Xamaa UKF
aNropuTMIIapu OWilaH TakkociaHau. by Takkocmamr Typiu
MaHEBp pexumiapu Ba GNSS curHamiapura XajaakuT
TabCHUP ITTaH MIAPOUTIAPAA aMalira OLUIUPIIIIH.

VYura ¢unetp (EKF, UKF, CKF) Oup xun kupui
MabIyMOTIApH acocHia Mapajyiesl HIra TYIIHPHINO,
ynapHuHT mnosumpsiam  aHukiura (RMSE  kypcatkuun
Oyitnua) Ba XucoOnan mMypakkadiauru (OMp uTepanusgard
Yypraya OaXkapuiMII BaKTH Oyiitnda) TakkociaaHamu [6, 7).

4. Xamakut renepanust mogysan (XI'M). XI'M GNSS
CUTHAJIMTa TAbCHUP 3TYBYM TYPIH XWJI XaJaKUTIAPHU — TOP
MoJocald Ba KEHI TOJNOCAIM JKaMMHUHT  (jamming),
cnyduHr (spoofing) [8] xam1a UMITYJIBCIIN JIEKTPOMArHUT
XanakuTiapHu — monervamtupaan. Moxyn HCM Owiran
OeBocuta OoFmaHTaH OYnMMO, TeHepalusIaHTaH XaJaKuT
curHanmu GNSS kalOyn KWITHYA MOJEIWHWUHT KHUPHIINTA
y3atmnaau, 0y aca HCM pa cuHOBmaH YTkazunaérraH
EKF/UKF/CKF ¢punpTprapuHAHT TypiId HHTEHCUBINKIATH
(curnan/xanaxut HEcOatn —10 man +20 nb raga) Ba Typiu
TypAard XajJakuTiaap OCTUAArH OapIONUIMINIHHN OaxoJall
uMKOHWHU Oepamu [8]. ByHpmail Owupranuknaru CHHOB
JICCEPTALMSIHUHT ~ TETHIUIM  OYIMMHuAa  KeJITHPWITAH
Hazapuil xynocanapau — CKF acocuparu anropuTMHHHT
I0OKOpY MHTEHCHBJIMKIAru xajgakumiap mapoutuna EKF ra




HUCOaTaH yCTYHJIUTHHM — JACTypHUl PaBHIIA TaCAMKIALI
y4yH acocuil BOcuTa Xucobaanaau.

5. KAMAT cumyasuus moayau (KCM). by moxyn
3ca KYTI areHTJIM MOHUTOPHHT Ba JHAarHOCTHKA TU3UMUHHUHT
(KAMAT) mactypuii IpOTOTHIIMHN aMaira OMHPamd. Xap
6up arenr (MmacanaH, amoxuna PHT oObexkTHHH Ky3aTyBUH
JaCTypUi MOZYJIb) MYCTaKWJl paBHUIIa HapaMeTpiapHU
(curnan jmapakacu, 4acToTa CHJDKHILM, WIUIAII XapopaTu
Ba X.K.) Ky3aTHO Oopaau Xampaa MebEplIaH OFHMIUIApHH
anuinam yuyH CUSUM (xymynsatus iurunnn) Ba EWMA

(9KCHOHEHIMan  Ba3HJIM  XapakaTiJaHyBYM  ypTaya)
CTaTUCTUK  yCy/ulapuHu  Kymmaigu [9].  Arenrtiap
ypTacugaru MabJIyMOT Q@JIMAIIMHYBUM Ba  MapKasui

JIMAarHocTHKa XyjocacuHu wmakuiantupuil MATLAB Ba
Python Bridge unTepdeticn opkanu amanra OIMIMPHIAAA —
0y oca Python wmyxurmmarm MammHA ~— YpraHUIIN
kyryoxonamapunad MATLAB cumymsamus MyxuTHzaa
¢oitnamanum MMKOHMHH Oepaau. TapMOK XaBGCH3IUTH Ba
MabBJIYMOT aJIMallIMHYBH XaB(bCI/ISHI/IFI/IHI/I TabMUHJIAII
O6opacuma [12] nga kentupwirad —EHOAIIyBIapaaH
¢oinananuay. Moays CHHTETHK HOCO3JIMK CLIeHapHIapu
(TycaTmaH Ba acTa-CEeKMH PHUBOXJIAHYBYM HOCO3JIMKIAP)
acocuja CHMHOBIAH YTKa3wiauO, aHuMkiam BakTH (detection
delay) Ba énron curnan 6epum napaxacu (false alarm rate)
KypcaTKudiIapu Oyiinda 6axonananm [9].
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6. MoayJsiapapo MHTerpamusi Ba sikyHuid 6axoJjiami.
TyprTa MOIYyTHWUHT YWKHII HaTwkaigapu — HMCM nman
omuHraH Taiépimuk  kypcatkmun, HCM Ba XI'M
OmprajuKIaru WIIAAAH OJIMHTAH HAaBHUTAIWS aHWKJIWTHA Ba
xanmakuTra oapronummink kypcarknan, KCM nman onwHTaH
HOCO3JIMKJIAPHU aHHUKJIAIl caMapajopiurda — yMyMHA
MabIyMOTIap IIMHACH OpKIM Mapkasuil OolIkapyB
MOJyJIUTa Yy3aTWIaAd Ba MyaJulid TOMOHHWJAAH WITapH
TakIuQ STWIraH KOMIUIeKC camapanopiuk wuHzaekcu (E)
TapKuOni KUCMJIapUHU [IAKJUIAHTAPHIIIA
¢doinananunagu. Iy Tapuka KOMIUIEKC apXHUTEKTypa
HadakaT Xxap Owp HYHaIMINHM anoxuna BepudUKaIUs
KUwmi, OalKky yJIapHUHT y3apo TabCHUPUHH SIXJIIUT XOJIa
Oaxomam IMKOHUHH Oepaiu.

XyJoca. Xynoca YpHHAA IIyYHU aWTUII MYMKUHKH,
aBUAIMs PaJUOHABUTAINS TH3WMIIADHMHH TAJKHUK KIUTHII
yays MATLAB/Simulink acocumarm TypT MOIyLIH
(UCM, HCM, XI'M, KCM) KOMIIIEKC CHMYJISLIASI
APXUTEKTypacH TaKIUG ITUIIH. APXUTEKTYpaHUHT acOCHHA
ad3ammuru TYpT WYyHaIMImaara (MIIOHYIMIIUK
MOAC/UTAITUPHIL, HaBUTALUA HWHTETpAlUACH, XaJlaKUTra
GapAOLIIMINMKHE 0axoJiall Ba KYI areHTIM AMAarHOCTHUKA)
WIMUNA  HaTWXKAJTapUHU  ArOHAa  JAacTypudl  MYyXHWTIa,
MOIyJUIapapo ¥3apo TabCHPHH XHCOOra OJITaH Xoima
Bepu(UKaIUsA KU UMKOHUHH OepUIIHIND.
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Tayanch so‘zlar: optika, nur, yorug‘lik, sinish qonuni, qaytish qonuni, linza, ko‘zgular, lazer, axborot texnologiyalari,
tibbiyot ashoblari, sanoat, harbiy texnika.

Rezyume. Optika — nurning xossalari, to‘g‘ri chiziqli tarqalishi, sochilishi, qaytishi, sinishi, interferensiyasi kabi
jarayonlarni o‘rganadigan fizika bo‘limi sifatida qadim zamonlardan beri ilmiy va amaliy ahamiyat kasb etib kelmoqda.
Hayotimizda nur va yorug‘likni kuzatmaydigan, undan foydalanmaydigan sohani deyarli topish qiyin. Optikaning asosiy
gonun va nazariyalarini bilish va ulardan to‘g‘ri foydalanish, nafagat ilm-fanda, balki kundalik hayotda, tibbiyot,
muhandislik, harbiy sohasi, axborot texnologiyalarida va yana ko‘plab kasblarda muhim ahamiyatga ega.

KiioueBble ciioBa: OIITUKA, CBET, 3aKOH MNPECJIOMJICHUA, 3aKOH OTPAXXCHUS, JIMH3a, 3€pKaJia, Jas3ep, I/IH(i)OpMaIII/IOHHLIe
TCXHOJIOTHHU, MCIUIIMHCKHUC HpI/I60pI>I, MMPOMBINUICHHOCTH, BOCHHAsA TCXHUKA.

Pe3tome. Ontuka — 3TO pasfen (U3UKH, H3YYaAIONIMKA CBOWCTBA CBETA, TAKUE MPOIECCHI, KaK MPSIMOJIMHEHHOE
pacnpoCTpaHCHUEC, pacCeIHUC, OTPAKCHUC, NPCIOMIICHHUC U I/IHTep(bepeHHI/ISI, U UMCHOIIAasA HAYYHOC U IIPAKTUYCCKOC
3Ha4YCHUC C APCBHUX BPCMCH. HpaKTI/I‘IeCKI/I HEBO3MO>KHO HAaWTH B HAIICH >KU3HU 06J'IaCTL, rac OBl HE Ha6J’IIOI[aJ'IC$I Hn HEC
HCITOJB30BaJICI CBET. 3HAHWE OCHOBHBIX 3aKOHOB M TeOpI/Iﬁ OIITUKKU W UX MPABUIIBHOC INMPHUMCHCHUC BAKHbI HC TOJIBKO B
HAyKC, HO U B HOBCS,Z[HeBHOfI JKHU3HHU, MCOAUIIMHC, TCXHUKEC, BOCHHOM JCJIC, I/IH(bOpMaLII/IOHHLIX TCEXHOJIOTHUAX W MHOTI'HX
IPYTUX MPOPECCHIX.

Key words: optics, light, light, law of refraction, law of reflection, lens, mirrors, laser, information technology, medical
devices, industry, military equipment.

Summary. Optics is a branch of physics that studies the properties of light, processes such as rectilinear propagation,
scattering, reflection, refraction, and interference, and has been of scientific and practical importance since ancient times. It
is almost difficult to find a field in our lives that does not observe and use light. Knowing the basic laws and theories of
optics and using them correctly is important not only in science, but also in everyday life, medicine, engineering, the
military, information technology, and many other professions.

Kirish. Fizika fanining optika bo‘limida bir nechta
asosly qonunlar mavjud. Nur to‘g‘ri chiziqda tarqalishi,
nurning gaytish qonuni, nurning sinish gonuni, optik
asboblar orqali tasvir hosil qilish, yorug‘lik dispersiyasi,
interferensiyasi va difraksiyasi kabilar optikani chuqur
o‘rganishda asosiy o‘rin tutadi. Ushbu qonunlar insoniyat
taraqqgiyoti uchun eng muhim ixtirolar va texnologiyalar
negizini tashkil giladi. Har bir gonunning amaliy tomoni
esa turli kasb va sohalar faoliyatidan yorqin iz qoldirib
kelmoqda. Tibbiyot kashi optikasiz beqgaror va noaniq soha
bo‘lib qolgan bo‘lardi. Zamonaviy tibbiyotda tibbiy asbob
va uskunalarning deyarli yarmi to‘g‘ri yoki bilvosita optika
gonunlariga suyanadi. Shifokorlar inson organizmining
ichki tuzilishini ko‘rish uchun endoskop, mikroskop,
ultratovushli diagnostika va rentgen kabi uskunalardan
foydalanadi. Barcha zamonaviy jarrohlik yoki diagnostika
jarayonida, masalan, operatsion mikroskoplar, oftalmologik
jihozlar, tomografiya asboblari ham optikaning to‘g‘ridan-
to‘g‘ri amaliyoti natijasidir. Tish shifokorlari ham bevosita
optika qonunlariga asoslanadigan linzali lampalardan
foydalanib, eng mayda nuqsonlarni ko‘radi va sifatli
davolash imkoniga ega bo‘ladi [1].

Mikroskop yordamida hujayralar va bakteriyalar
strukturasi, organizmning ichki a’zolari mikro va nano
darajada tekshiriladi. Endoskop yordamida esa tana ichidagi
eng nozik jarayonlarni tashxis qilish imkoniyati paydo
bo‘ldi. Oftalmologlar esa nur sinishi qonuniga tayangan

holda bemor ko‘zining kamchiliklarini aniglaydi va
mos linzalarni tavsiya qiladi. Qolaversa, ko‘zi ojizlar
uchun vyaratilgan linzalar, luppalar va nur bilan
ishlaydigan boshqa ko‘makchi asboblar ham optika
gonunlari asosida ishlab chigiladi. Har ganday zamonaviy
sanoat jarayonini optikasiz tasavvur qilish giyin. Sifat
nazorat qilish, mahsulotni to‘g‘ri o‘lchash va tahlil gilishda
lazer texnologiyalaridan keng foydalaniladi. Lazer
stanoklari, chizish asboblari, xilma-xil lazer yordamida
materiallarni gayta ishlash, o‘lchash, burg‘ulash, kesish,
markalash kabi murakkab ishlar optikaning asosiy nazariy
va amaliy qonunlariga tayanadi. Zamonaviy sanoatda
fibre-optik tizimlar yordamida yuqori tezlikdagi axborot

uzatish, ishchi jarayonlarni boshgarish, masofadan
monitoring qilish ishlari ham muvaffagiyatli amalga
oshmoqda [2].

Adabiyotlar tahlili va tadgigot metodologiyasi.
Optika gonunlari yordamida ishlab chigarilgan foto va
video kameralar, mikroskoplar, proyektorlar, sensorli
moslamalar hamishalik ishlab chiqarishda o‘z o‘rniga ega.
Ishlab chiqgarishda optik filtrlar, obyektivlar, linzalar,
lyupalar orgali mahsulot sifati nazorat gilinadi va murakkab
detallar qismlarga ajratiladi. Ko“plab o‘Ichov, tekshiruv va
muhofaza vositalari ham bevosita optikaning asosiy
gonunlariga tayanadi. Optika harbiy texnikani rivojlan-
tirishda anchayin katta turtki bergan bo‘limdir. Zamonaviy
harbiy asbob-uskunalarda turli xil optik niqoblar, kuzatuv
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qurilmalari, nishonga olish tizimlari, pufak va termik
kameralardan  foydalaniladi. Qurollar va razvedka
vositalarida maxsus optik tizimlar yordamida eng uzoq
masofalarni aniglik bilan nazorat gilish imkoni yaratilgan.
Termik va infragizil kameralar, zamonaviy lazer nishonlar,
tungi ko‘rish moslamalari harbiy soha zamonaviy rivoji
uchun muhim ahamiyatga ega.

Kecha va kunduzga qarab farqlovchi, kam yorug‘lik va
changli muhitda ham ish bera oladigan harbiy optik
qurilmalar harbiy xodimlarning hayotini saglab golishda
muhim rol o‘ynaydi. Razvedka va kuzatuv asboblari, dron
va robot texnikalari, masofaviy boshqgaruv vositalari bu
sohadagi optik asboblar bilan bog‘liq. Qurollar va harbiy
texnika uchun ishlab chigilgan optik nishonlar, lazer
kattalashtirgichlar, dioptrik ko‘zgular, prizmalar harbiy
magsadlar uchun yetakchi texnologiya hisoblanadi.

Muhokama va natijalar. Hozirgi kunda axborot
texnologiyalari taragqgiyotining eng asosiy omillaridan biri
optik tolali aloga tizimlaridir. Internet, telefon, televizor,
foto va video uzatish, interaktiv xizmatlar — barchasi optik
tolalar yordamida amalga oshiriladi. Optik tolali kabellar,
zarracha kattalikdagi lazer diodlari, to‘lqin uzunligi va
yorug‘lik tezligi yordami bilan axborot bir vaqtning o‘zida
minglab joylarga uzatiladi. Optik tolali tizimlar orgali
axborot uzatish tezligi va ishonchliligi an’anaviy elektr
tarmoglariga nisbatan yuz barobar yuqori. Media va
kommunikatsiya sohasida gabul giluvchi va uzatuvchi
qurilmalardagi linzalar va prizmalar, zamonaviy kameralar
va proyektorlardagi murakkab optik tizimlar yuqori sifatli
tasvir va tovush uzatish uchun xizmat gilmogda.
Televizorlar, fotoapparatlar, videokameralar, panjara
proyektorlari orgali tasvirni aniq va tinig olish uchun
optikaning asosiy qonunlari keng qo‘llaniladi. So‘nggi
yillarda kino va televideniyeda kompyuter grafikasi,
maxsus effektlar ham nur matematikasi va aks ettirish
gonunlari asosida yaratiladi.

Arxitektorlar va dizaynerlar uchun nur bilan ishlash va
uni to‘g‘ri yo‘naltirish muhim ahamiyatga ega. Binolarni
tabiiy yoritish, binoning ichki makonida keng va yorgin joy
yaratish, oynali devorlar va yoritish elementlari yordamida
nur sochilishini moslashtirish optikaning asosi sanaladi.
Shisha va linzali konstruksiyalar yordamida nur sharoitini
optimallashtirish, shuningdek, ko‘z ilg‘aydigan yorug‘lik va
soya effektlaridan ijodiy foydalanish bu sohada eng
zamonaviy yondashuvga aylangan. Rang, soya, yorug‘lik
va kontrastni hisobga olgan holda ichki va tashgi makonni
dizayn qilish optika qonunlarisiz imkonsiz. Yoritish
texnikalarini loyihalash, binoning fasadini o‘ziga xos qilish,
marketingda tovarga to‘g‘ri yoritish berish — barchasi optik
xarakterdagi bilim va texnologiyalar natijasidir. Binolarda

energiya tejovchi oynalar, ko‘zgular, nur sindirish
Xususiyatiga ega konstruksiyalar atrof-mubhitni
optimallashtirish  va  energiyani tejashda salmogqli

yutuglarga olib keldi [4].

Geodeziyada har bir masofa va balandlikni to‘g‘ri
o‘lchash, harakatni aniqlash optik asboblar, masalan,
teodolit, takhimetriya va lazerli masofani o‘lchash
moslamalari orgali amalga oshiriladi. Bu orgali qurilish
nugtayi nazaridan eng murakkab rejalarni poko va ishona
oladigan natijalar bilan amalga oshirish imkoni paydo
bo‘ladi. Astronomiya sohasida esa zamonaviy teleskoplar,
radio va kosmik kuzatuv asboblari, professional
fotokameralar bilan fazodagi jismlarni aniqlik bilan ko‘rish

imkoniyati vyaratildi. Optikaning ushbu sohada tatbiq
gilinishi natijasida Oydagi toshlar tuzilishi, sayyoralarning
aylanish trayektoriyasi, Quyosh va yulduzlarning harorati
va massasi haqidagi aniqlik yuqori bo‘lgan ma’lumotlarni
olish mumkin bo‘ldi. Fazoviy optik tizimlar yordamida
astronomlar nafaqat tasvir oladi, balki yorug‘lik spektrini
tahlil qilib, jismlarning tarkibini ham aniglaydi. Sputnik va
kosmik kemalarning aniq harakatini kuzatish, tadgiqgotlar
olib borishda ham optik tizimlarning o‘rni beqiyos. Optik
gonunlar fizika o‘qitish tizimida muhim bo‘limlardan biri
sifatida keng tarqalgan. Bu qonunlarni o‘rgatish orqali
o‘quvchilar nur, tasvir, aks, yorug‘lik hodisalarini hayotda,
kundalik maishiy ish va kashiy faoliyatda ganday fanga
tatbiq etilishini o‘rganadi. O‘quvchilar laboratoriya
mashg‘ulotlari davomida oddiy ko‘zgu yoki linzalardan
foydalanib, tasvir qanday hosil bo‘lishini, yorug‘lik qanday
sinishini amalda ko‘radi va o‘z mulohazalarini amalga
oshiradi. Optikaning asosiy qonunlarini to‘g‘ri o‘rgatishda
fanlararo  yondashuv,  dolzarb  misollar,  amaliy
mashg‘ulotlar asosiy ahamiyat kasb etadi. O‘quvchilar nur
sindirish, aks ettirish, diffuziya, interferensiyaning hayotiy
misollarini bilgan holda, optika qonunlarini fanlar orqali
mustahkamlaydi. Tadgigotchilar esa optika yordamida
yangi ilmiy asbob-uskunalar loyihalayapti, zamonaviy
vositalar kashf gilinyapti, ilm-fan taraqgiyoti uchun yangi
ufglar ochilmoqda.

Zamonaviy san’at asarlari va madaniyatda yorug‘lik,
rang va soya kombinatsiyasi asarlar ko‘rinishini o‘zgartirib
yuborishi mumkin. Tasviriy san’at ustalari, suratkashlar,
kino va televideniye rassomlari optika qonunlari yordamida
yorug‘lik va soya to‘g‘ri tanlanishini ta’minlaydi. Yorug‘lik
intensivligini, nur tagsimotini, ranglar uyg‘unligini, tasvir
yaxlitligi va kontrastini yaratishda optika asosiy vosita
bo‘lib xizmat qiladi. San’at asarlarida optika qonunlarini
qo‘llash, xususan, perspektiva va optik illuziya yaratish
orqali tomoshabin ongiga kuchli ta’sir o‘tkazadi. Binolarda
va jamoat joylarida yorug‘lik dizayniga e’tibor berish,
haykallar va suratlarda soya-yorug‘lik nisbatlarini hisoblash
san’at va texnika juftlashgan eng yorqin holatdir. Tasviriy
san’atda rang va nurning o‘zaro ta’siri asosida optik
effektlar yaratish, muhit va fazoni zamonaviy talablarga
moslashtirish bo‘yicha ishlar olib boriladi. Tibbiy optikalar
yordamida avtomobilchilar baxtsiz hodisalarning oldini
olish, xavfsiz harakat me’yorlarini bajarish, tezlik va
masofani aniq o‘lchash, yoritilgan muhitda harakat qilish
imkoniyatiga ega bo‘ladi.  Avtomobillarni  ishlab
chigarishda foydalaniladigan lazerli robotlar, xavfsizlik
asboblari, parvozlar uchun optik sezgichlar optika gonunlari
natijasi  sifatida namoyon bo‘ladi. Aviatsiya va
kosmonavtikada har ganday texnika va qurilmaning xavfsiz
va aniq ishlashi optika gonunlariga asoslanadi. Samolyot,
raketa, dron va sun’iy yo‘ldoshlarni boshqarishda
masofaviy boshgaruv, navigatsiya va kuzatuv tizimlari
optik datchik va linzalarga tayanadi. Kosmik kemalarda
optik gabul qiluvchilar yordamida fazodagi jismlarni
aniglash, navigatsiya va boshgaruvda yordamchi
mexanizmlar o‘rnatiladi. Kosmonavtlar va uchuvchilar
uchun vyaratilgan boshgaruv jihozlarining aniq ishlashi,
ulardagi ko‘ruv va diagnoz vositalari, zamonaviy himoya
asboblari — barchasi optik yondashuv asosida ishlab
chigiladi. Samolyot oynalari, linzalar sinishi va yoritish
goidalariga bo‘ysunadi. Kosmonavtika sohasida optikaning
zamonaviy texnik qurollari gisga vagqt mobaynida uzoq
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masofalarga aniq ma’lumot yetkazish va muhitni sifatli
o‘rganish imkonini beradi [5].

Xulosa. Optika va uning qonunlari ilmiy-amaliy
faoliyatning zamonaviy taraqgiyoti uchun eng fundamental
va universal fan hisoblanadi. Hayotimizda tasvir, nur va
yorug‘lik, ko‘rinish, axborot uzatish va ilmiy tadqiqotning
har bir sohasida optik gonunlarning ishonchli va samarali
ishlashini ko‘rishimiz mumkin. Optika tibbiyot, sanoat,
qurilish, texnika, harbiy soha, axborot-kommunikatsiya,
san’at, muhandislik, transport va ko‘plab boshqa kasblarda
eng muhim tayanch fanga aylangan. Optika gonunlarini

to‘g‘ri o‘zlashtirish va amaliyotga tatbiq eta olish
zamonaviy ixtirolar, yuqori texnologiyalar, ishonchli va
tezkor axborot almashinuvi, xavfsiz hayot tarzini tashkil
etishda muhim rol o‘ynaydi. Optikaning asosiy nazariya va
tajribasi, o‘quvchilarga zamon talablariga mos intellekt va
tafakkur, kasblar bo‘yicha yetakchilik gilish, innovatsion
yangiliklarni oz vaqtida qabul qilish va to‘g‘ri yo‘naltirish
ko‘nikmasini beradi. Hayotning deyarli har bir jabhasida
optika gonunlaridan unumli va samarali foydalanish
nafagat taraqgiyotimiz, balki kelajagimiz uchun ham
muhim kafolatdir.
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Rezyume. Magqolada birlik doira tashqarisidagi sohaning (| z|-1 oblastin) teng tomonli uchburchak tashgarisidagi

sohaga (chegaralanmagan sohaga) konform akslantirilishi o‘rganiladi. Akslantirish funksiyasi Kristoffel-Shvars
integralining tashqi soha uchun mo‘ljallangan ko‘rinishi yordamida keltirib chiqariladi, darajali qatorga yoyiladi va uning
xossalari tahlil gilinadi. Uchburchakning logarifmik sig‘imi (konform radiusi) T°(1/3)transsendent o‘zgarmas miqdor —

8r° ~1.3689 - Amaliy tatbiq sifatida uchburchak atrofida ideal
3re/3’
suyuqlik ogimi tasvirlanadi. Tadgiqotda kompleks o‘zgaruvchili funksiyalar geometrik nazariyasi, Kristoffel-Shvars
integrali, gatorga yoyish va kompyuter vizualizatsiyasi usullaridan foydalaniladi.

KiaoueBble cioBa: koHpOpMHOE oToOpakeHme, mHTerpan Kpucroddens—IlIBapma, mpaBUIBHBINA TPEYroONbHUK,
BHEIIHOCTh 00JIacTH, JTorapupmMudeckass EMKOCTh, KOHQOPMHBIH paanyc, TpaHC(QPUHUTHBIN OUaMeTp, ramma-(QyHKIHI,
KOMIUJICKCHAas IJIOCKOCTh, TCUCHUC HﬂeaHLHOﬁ JKUIAKOCTH, TCOpUA MMOTCHIIUAJIA.

Pestome. B crathbe paccmaTpuBaeTcs KOHPOPMHOE 0TOOpasKeHHE BHEIIHOCTH €AMHMYHOTO Kpyra (obaacTu |z |[>1) Ha
BHEIIHOCTh (HEOTPaHHYEHHYIO0 00JIacTh) MPAaBUIBHOTO TpeyrojasHUKa. OToOpakaromas (GyHKIHS BBIBOAUTCS C MOMOIIBIO
BHemrHe# (Gopmbl mHTerpana Kpucroddens—LIBapua, pasmaraeTcs B CTCIIEHHOW Psfi, W aHAIM3UPYIOTCS €€ CBOWCTBA.
[oxazano, yTo JNorapupMuIecKas EMKOCTh (KOH(GOPMHBIN paiyc) TpEeyroJbHHKa BEIPAKACTCS Yepe3 TPaHCICHICHTHYIO

MOCTOSIHHYIO T'(1/3): R/cng(2/3,2/3):

orqali ifodalanishi ko‘rsatiladi: g, _ 2 B(2/32/3) =
3 ;

8z’ ~1.3689 - B KauecTBe (pU3MIECKOTO IMPUIOKEHUS IPOUILIIOCTPUPO-
3ri/3)°
BaHO TCYCHUC I/I,I[eaHLHOﬁ KHUAKOCTH, 06TeKaIOHl€I>'I TPCYTOJIbHUK. B HCCIICAOBAHUM HCIIOJIB30BAHblI MCETOAbI
TEOMETPUYECKON TeopuH (HYHKIMH KOMIUIEKCHOTO TiepeMeHHoro, nHTerpan Kpucropdens—LIBapua, pa3noxxeHue B psaa u
KOMIBIXOTEPHAs BU3yaJIU3alnd.

Key words: conformal represcuting, Christoffel-Schwarz integral, regular triangle, exterior domain, logarithmic
capacity, conformal radius, transfinite diameter, gamma function, complex plane, ideal fluid flow, potential theory.

Summary. This article considers the conformal mapping of the exterior of the unit disk (the domain |z |- 1) onto the
exterior (unbounded) domain of a regular triangle. The mapping function is derived using the exterior form of the
Christoffel-Schwarz integral, expanded into a power series, and its properties are analysed. It is shown that the logarithmic
capacity (conformal radius) of the triangle is expressed through the transcendental constant T°(1/3):

8r° ~1.3689 - As a physical application, the ideal fluid flow past the triangle is illustrated. The
3r(/3)°
study employs methods of the geometric theory of functions of a complex variable, the Christoffel-Schwarz integral, series
expansion, and computer visualization.

R/C:%B(Z/S,Z/S):

Kirisiw. Konform sawlelendiriwler kompleks analizdin
en kushli qurallarman biri bolip, quramali formali

Kristoffel-Shvarc  integralimin  kopmuyeshlik  ishine
sawlelendiriwshi (ishki) tari jaqst Uyrenilgen. Biraq, kop

oblastlard1 esaplawga qolayl1 &piway1 oblastlarga (dongelek
yamasa yarim tegislik) keltiriwge mumkinshilik beredi.
Koépmuyeshlik ~ formali  oblastlar  ushin  bunday
sdwlelendiriw Kristoffel-Shvarc integrali arqali amelge
asiriladi. Bul formula 1867-j1li E.B.Kristoffel ham 1869-jili
G.A.Shvarc tarepinen garezsiz turde alingan. Ol hazirgi
waqitta  gidrodinamika, elektrostatika ham  jilliliq
otkizgishlik teoriyasinin tiykargl maselelerin sheshiwde ken
gollaniladi.

fizikaliq maselelerde — misali, deneni aylanip agiwshi agisti
yamasa zaryadlangan otkizgishtin sirtindagi maydandi
esaplawda — kopmuyeshliktin sirtqr  (shegaralanbagan)
oblastina sawlelendiriw talap etiledi. Sirtq1r sdwlelendiriw
ishki jagdaydan eki tiykargi ozgeshelikke iye: dareje
korsetkishleri burilis muyeshlerine aylanadi ham sheksiz-
liktin duris sawleleniwin (F(00) =00) tamiyinlewshi
qosimsha kobeytiwshi payda boladi. Sonin menen birge,
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sirtq1 sdwlelendiriwdin bas koefficienti oblasttin logarifmlik
styimliligin  (konform radiusin) beredi — bul potencial
teoriyasinih ahmiyetli shamasi.

Jumistin magqseti — birlik dongelektin sirtin duris
ushmuyeshliktin sirtqr oblastina konform sawlelendiriwshi
funkciyan1 Kristoffel-Shvarc integrali jardeminde keltirip
shigariw, omi darejeli qatarga jayiw, ushmuyeshliktin
styimhiligin T'(1/3) turaqlist arqali anlatiw ham natiyjeni

ideal suyiqliq agis1t misalinda korsetiw bolip tabiladi. Izert-
lewde kompleks oOzgeriwshili funkciyalar geometriyaliq
teoriyasinin usillari, Kristoffel-Shvarc integrali, qatarga
jaytw ham kompyuterlik vizualizaciya usillar1 qollanildi.
Kristoffel-Shvarc formulasi ham onin sirtqi tari
Kristoffel-Shvarc teoremasi boyimnsha, joqart yarim
tegislikti (yamasa birlik dongelekti) tobelerindegi ishki

muyeshleri @, 77 bolgan koépmuyeshliktin  ishine
sdwlelendiriwshi funkciya tomendegishe anlatiladi:
f@)=c[[[(£-a)*"dS +c, (1)
k=1
Bul jerde a — tobelerdifi proobrazlar, c,C,—
kompleks turaqlilar. Kopmuyeshliktin sirtqr  oblastina

sdwlelendiriw ushin bul formula eki jaginan o6zgeredi:
dareje korsetkishleri ishki muyeshtin ornina sirtqi (burilis)
muyeshine — a,—1 omma 1-¢, g — aylanadi, ham

sheksizliktin duris sawleleniwin (F(w) =o0) tamiyinlew

ushin qosimsha ¢ 2 kobeytiwshi payda boladi:

F(2) :Clﬂl[(l_?] 7akd§+cz
Bul formula F(z)= cljgfzn(g—ak ) d¢ +c,

@)

korinisine teh — bul jerdegi é/_z
dareje korsetkishi sirtqr jagdaydin ishki jagdaydan tiykargi
ayirmashiligi bolip tabiladi.

Duris képmiyeshliktin sirti

Duris N -muyeshlikte har bir sirtqr miyesh (burilis

kobeytiwshi ham on

muyeshi) 1— Qo = 2/n ge ten. Tobelerdin proobrazlart —

birlik a =e”™",

H(l_ a,/¢{)=1-¢". Sonhqtan sirtqr sawlelendiriw
k

formulas1 duris képmuyeshlik ushin tdmendegi apiwayi
koriniske keledi:
3)

F(2)=Cf[@-¢y""d¢
ushmuyeshlik,

manislerinde

tabirler olar ushin

n=34,56
tortmayeshlik, besmuyeshlik ham altimayeshliktin sirtt
N sheksiz artganda (1_4’-”)2/n_)1’

F(Z)—)CZ, yagnty sawlelendiriw shenberdin sirtina

saykes
payda bolad.

(birdey agisqa) aylanadi.
Duris ushmiyeshliktin sirtina sawlelendiriw
n = 3 jagdayinda dareje korsetkishi +2 /3 ge ten boladi

(ishki jagdaydagi —2 /3 ten ayirmashiligina itibar berin),
al proobrazlar — ushten bir birlik tabirler 1, ®, @*, bul

jerde w=e"" Bul tubirler

(¢ -D(¢ - w)(¢ —a?) =3 —1. Sonhgtan:

ushin

Ilim hdm jdamiyet. /25.2026
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F(=c[{a-¢c?) d¢ @
Bul funkciya elementar emes. Integral astindagi
funkciyan1 Nyuton binomi boymsha ¢ N darejeleri
boyinsha jayamiz:
-342/3 2 -3 1 —6 4 -9 7 -12
A=) =120 o o
agzama-agza integrallap, sirtqt sawlelendiriwshi

Z—Z
Z+—+
3

funkciyanin qatarin alamiz ( | yA |> 1 de jiynagh):
-5
VA

Hn=c[ z 7Z“+m) ©)

+
45 162 2673
Siyimliliq (konform radius) ham r turaqhsi
Sheksizlik atirapinda F(z) =Cz +--- bolganliqtan, C
turaqlis1 ushmuyeshliktin logarifmlik styimliligin (konform
radiusin) bildiredi — bul potencial teoriyasinin tiykargi
FQO him siymilq C
arasindagi qatnas beta-funkciya arqali dal anlatiladi:
2
R:ZB(Z,ZJ:SESzl.SGSQ
C 3\33) 3r1/3
Bul jerde R — dshmuyeshliktin sirtina  sizilgan
shenberdin radiusi. Demek, ushmuyeshliktin siyimliligi

2—8

shamasi. Tobenin obrazi

(6)

3
C :szO]:gOSR. Kérip turganimizday, ishki
87
jagdaydagiday, sirtqr jagdayda da natiyie T'(1/3)

transcendent turaqlisi arqali anlatiladi: ishki jagdayda

3
[[a-ty"a-18@/31/9 -5 <1 7666, st
0 3 2\/577
jagdayda bolsa B(2/3,2/3) payda bold. Bul

I'(1/3) ~ 2.6789 turaqlis1 analizde keh ushirasadi.

tegisligi: || > 1 (défigelek sirt)) =) -tegisligi: ishmyeshlik sirty

1-stwret. Birlik dongelektin  sirtin - (|z[>1) duris
ushmuyeshliktin sirtqr oblastina konform sawlelendiriw.
Sol tarepte — z-tegisliktegi sirtqi1 polyar tor; on tarepte —
sonin w = F(z) astindag1 obrazi.




2-stiwret. Duris ushmuyeshlikti aylanip agiwshi ideal
suyiqhqtin agis siziglarn (F arqali esaplangan). Siziglar
sheksizlikte birdey agisqa aylanip, deneni tegis orap otedi.

Maghwmat ushin: Sirtqt Kristoffel-Shvarc
sawlelendiriwi deneni aylanip agiwshi agisti
(aerodinamikada — profillerdi aylanip agiw, Jukovskiy
teoriyast), zaryadlangan  Otkizgish  kopmuyeshliktin
sirtindagt elektrostatikaliq maydandi ham jilliliq tarqaliwin
esaplawda qollaniladi.  Siyimlilq shamast C  bul
maselelerde denenin elektrostatikaliq siyimliligt menen
t1g1z baylanisli.

Ilim hdm jdamiyet. /25.2026

Juwmag. Bul jumista birlik dongelektin sirtin duris
ushmuyeshliktin sirtq1 oblastina konform sawlelendiriwshi
funkciya  Kristoffel-Shvarc  integralinin ~ sirtqr  tari
jardeminde alindi  ham  darejeli qatarga jayildi.
Ushmuyeshliktin logarifmlik styimlilig1 (konform radiusi)
I'(@/3) transcendent turaghist arqali dal anlatild:

87’
3r(L/3)°
deneni aylanip agiwshi ideal suyiqliq agisi misalinda

koérsetildi. Ust usil galegen duris képmuyeshliktin sirtina
sawlelendiriwge de qollanila aladi.

RIC=28B(2/32/3)- ~1.3689 Alingan nétiyjeler
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EFFECT OF SURFACE DEAD-LAYER QUENCHING ON THE THIRD-ORDER NONLINEAR
OPTICAL PROPERTIES OF NANOPARTICLES
Koraboev Kamoliddin Abdushukurovich — assistant teacher
gkamoliddin956 @gmail.com
University of Geological Sciences

NANOZARRACHhALARNING UChUNChI TARTIBLI NOChIZIQLI OPTIK XUSUSIYATLARIGA
“SIRT QATLAM” SO‘NDIRISh HODISASINING TA’SIRI
Qoraboyev Kamoliddin Abdishukurovich — assistent o ‘qituvchi
Geologiya fanlari universiteti

BJIMAHUE D®PEKTA TAIIEHUA MOBEPXHOCTHBIM «MEPTBBIM CJIOEM»
HA HEJJMHEWMHO-ONITUYECKHAE CBOMCTBA TPETBEI'O IMTOPSJIKA HAHOYACTHII
Kopa6oes Kamonuaaun AGAUIIYKYPOBUY — accucmerm npenooagamelsv
Yuusepcumem ceonocuueckux nayx

Tayanch so‘zlar: vodorodsimon yaginlashuv, eksiton energiyasi, uchinchi tartibli nochizigli optik kirituvchanlik, CdSe
kvant nugtalari, kaskadli virtual o‘tishlar, sirt o‘lik gatlami, kvant chegaralanish.

Rezyume. CdSe kvant nugtalarining uchinchi tartibli nochizigli optik kirituvchanligi ()((3)) bo‘yicha nazariya
(R kamayishi bilan monoton o°sish) va tajriba R < 2 nm da keskin so‘nish) o‘rtasidagi tafovutni bartaraf etish uchun Boyd,
Brus modellari va sirt “o‘lik gatlami” korreksiyasini birlashtiruvchi analitik model taklif etiladi. Model y® (R)ning
monoton bo‘lmagan bog‘ligligini va optimal radiusni R,,. ~ 2.5nm  bashorat giladi; hisoblangan giymatlar
(10729 — 10722 m?/V?) CdSe/ZnS-MOF nazariy bahosi va CdTe DFWM o‘Ichovlari bilan tartib darajasida mos keladi,
alohida (izolyatsiyalangan) kolloid CdSe kvant nugtalari uchun Z-scan o‘Ichovi bilan esa ikki tartibgacha farglanadi.

KiroueBble ciaoBa: BOILOpOZ[OHOZ[O6HO€ HpI/I6J'II/I)KeHI/Ie, OHEPIrugd 5KCUTOHA, HEIWHEWHas ONTHYeCKas BOCIIpUUMYH-
BOCTb TPETHETO MOPsAAKA, KBAHTOBBIC TOYKHU CdSe, KaCKaJAHbIC BUPTYAJIbHBIC MEPCXOIbI, HOBerHOCTHHﬁ MépTBBIP'I CHOﬁ,
KBAaHTOBOC OI'pPaHUYCHHC.

Pe3rome. [y ycTpaHEHUS pacXOoKICHHS MEXIy TEOPHEH, MpenCcKa3bIBalONIei MOHOTOHHBINH POCT KYOMYECKOW HENH-
HEHHOM ONTHYECKOW BOCIIPUMMYHUBOCTH ( )((3)) KBaHTOBBEIX Touek CdSe mpu yMeHbIIEHHH paguyca R, U skcriepuMeHTOM,
MMOKA3BIBAIOIIMM PE3KOE TalleHue Npu R < 2 HM, NPEAJIOKCHA aHAIUTHYCCKAs MOJENb, 00beIUHSIIOMAs (HOpMaTU3MBbI
boiina u bpyca ¢ moBepXHOCTHON MONPaBKOM «MEPTBOro cios». Mozenb npeacka3blBa€T HEMOHOTOHHYIO 3aBUCHUMOCTD
x®(R) n onTuManbHbIi pamuyc Ropt ® 2.5 HM, NpK KOTOPOM BOCIIPMMMYUBOCTH MaKCHMalbHa. PacuérHble 3Ha4YeHUs
(1072° — 10722 M?/B?) cornacyioTcs 110 NOPSAKY BENMUYUHBI C TeopeTudeckoit onenkoit s CdSe/ZnS-MOF u uszmepe-
ausimu CdTe merogom DFWM, a ¢ eTMHCTBEHHBIM MPSIMO COTIOCTABUMBIM Z-CKaH U3MEPEHHUEM JIJIsl U30JIMPOBAHHBIX KOJI-
JIOWJTHBIX KBAaHTOBBIX ToUeK CdSe pacxosaTcs Ha Ba MOpsIKa.

Key words: hydrogen-like approximation, exciton energy, third-order nonlinear optical susceptibility, CdSe quantum
dots, cascaded virtual transitions, surface dead layer, quantum confinement.

Summary. To resolve the discrepancy between theory, which predicts a monotonic increase of the third-order nonlinear
optical susceptibility ()((3)) of CdSe quantum dots as the radius R decreases, and experiment, which shows sharp quench-
ing below R < 2 nm, an analytical model combining the Boyd and Brus formalisms with a surface “dead-layer” correction
is proposed. The model predicts a non-monotonic y®)(R) dependence and an optimal radius Rope & 2.5 nm at which the
susceptibility is maximal. The computed values (1072° — 10722 m?/V?) are in order-of-magnitude agreement with the
CdSe/ZnS-MOF theoretical estimate and CdTe DFWM measurements, and are within two orders of magnitude of the sin-
gle directly comparable Z-scan measurement on isolated colloidal CdSe quantum dots.

Introduction. CdSe quantum dots are a promising  work is to develop a model that, for the first time, self-
material for optical switching and photonic devices owing  consistently combines Brus's exciton-energy model [2],
to their size-dependent band gap and pronounced Boyd's cascaded virtual-transition formalism [1], and a
third-order nonlinear optical susceptibility (y®) [1, 2].  phenomenological “dead-layer” correction describing non-
According to quantum-confinement theory, x@® should radiative surface quenching, in order to predict the non-
increase monotonically as the particle size decreases [2, 4]; monotonic dependence of ¥®) on the quantum-dot radius
however, experiments show that below R < 2nm the and to determine the optimal radius (R, ).
susceptibility drops sharply instead of the expected increase Theoretical framework.

[12, 17]. This discrepancy is attributed to non- Hydrogen-like  approximation:  perturbation-theory
stoichiometric defects, dangling bonds, and non-radiative  calculation for an alkali-metal (Na) atom. To test the
recombination centers at the quantum-dot surface [12]: as  reliability of the model, the sodium (Na) atom is first
the surface-to-volume ratio grows, excitons increasingly  considered within the hydrogen-like approximation: its
decay non-radiatively. Existing models — including Boyd's  single 3s valence electron allows it to be treated
multiphoton virtual-transition formalism [1] — do not analogously to the hydrogen atom [3, 5]. The wavefunction
account for such surface effects and therefore diverge is expanded in a perturbation series, ¥, (#t) =
sharply from experiment at small sizes. The aim of this Y@ # t) + YD F, t) + A@YP@(#,t)+..., driven by the

12
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field-dependent Hamiltonian # = H, + AV (t). Substituting
into the time-dependent Schrodinger equation and
collecting terms of matching order gives the third-
order induced polarization: (p®) = (YOa|Y®) +
(WOIRY) + (GO a1pD) + (YO [a[y©) from which
Boyd's expression for the third-order nonlinear optical
susceptibility (TONS) follows after summing over the
intermediate states [1]:

®) N
XBoyd (w) = m z Hgv HynUnmMmg
0w

1

8 (wvg —3w) (wng —2w) (a)mg - w)

" (wvg + w) (wng - Zw)l(wmg - w)

* (a)vg + w) ((‘)ng + Za)) (wmg - w)
1
(Wyg+w)(Wngt+2w)(Wmg+3w) (l)
where the level energies are found from the quantum-defect
2 meZZe4 1 [4]
2 (g-8)%
The computed TONS value is compared with literature
data in Table 1 (Section 3.1); this benchmark confirms that
the formalism performs correctly before it is applied to
quantum dots in the following sections.
Brus model: size dependence of the exciton energy. The
dependence of the exciton energy on the quantum-dot
radius (R) is described by Brus's effective-mass model [2]:

correction (A): Eg; = —y

h2a? h2a? 1.786€2
E R) = Ebulk nl 1S 2
eXC( ) g + ZmeRZ thRZ 41'[80-81(;dseR ( )

where EZU¥ is the bulk band gap, o is the n-th zero of
the spherical Bessel function of order | (1S: =, 1P: 4.4934,
1D: 5.7635, 2S: 2xn), m,, m, are the electron and hole
effective masses, and g,, €, are the dielectric permittivities.
The three terms represent competition between the bulk
gap, geometric confinement (1/R?), and Coulomb
attraction (1/R). In Eq. (2) the confinement index a_nl
labels the level (1S, 1P, 1D, 2S) to which the electron is
promoted, while the hole is assumed to remain in its lowest
1S state for all four levels; this simplification is physically
reasonable because the heavier, more tightly confined hole
contributes comparatively little to the energy dispersion,
and it is adopted throughout the level energies reported in
Table 2. The resulting level energies (1S, 1P, 1D, 2S)
determine the Boyd resonance frequencies (a)ij) used in
Section 2.3 and provide the physical basis for the
calculations in Section 3.3: the spacing between levels sets
the radius at which y®) is maximal. For CdSe, the Bohr
exciton radius isa B =~ 5.4-5.6 nm [7, 8].

Multiphoton virtual-transition quantum formalism. The
frequency dispersion is described using Boyd's multiphoton
virtual-transition model [1]: a four-step cascade (|g) —
[n) - |m) - |v) - |g)) obeying the dipole selection rule
(Al = +1); for CdSe this rule is realized as the cascades
1S—1P—1D or 1S—1P—2S. The level energies found in
Section 2.2 set the resonance condition through w;; =

(E; — E;/ ). For an idealized nanoparticle:

Xedse@) = 735121(0) + 25 (@)

©)
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where N is the quantum-dot concentration, ¢,
is the vacuum permittivity, and Z;(w), Z,(w) are two
coherent (cascaded) transition pathways, g - 1S - 1P —
1D->g and g—>1S—> 1P - 2S > g respectively:

2

Ho1H1S-1PH1P-1D
Z{(w) = Z,(w) =
1(@) (w1p—3w—il (w1 p—2w—il) (W1 5—w—il) 2(w)

H31M1s—1PH1P—25
(wys—3w—ilN(w1p—2w—il)(Wis—w—il")’
cies match resonance, )(é‘?sg(w) increases sharply. The
calculations of Sections 3.3-3.4 use a QD number density
N = 1x10*® cm™3, typical of dilute colloidal CdSe solutions
[12], and a phenomenological dephasing rate I' = 5x10'2 s™*
(hr 3 meV), consistent with the room-temperature
homogeneous linewidths reported for CdSe QDs [7, 8];
since x® scales linearly with N and the resonance peak
heights scale as I'"3, these values directly set the absolute
magnitude of the spectrum in Figure 3 and the results in
Table 3. The Al = +1 rule has been independently
confirmed in intraband spectroscopy of colloidal quantum
dots (PbS, HgSe, HgTe) [9-11]; valence-band mixing can
cause it to be violated [6] — an open limitation of the
model.

Surface “dead-layer” correction. The pure confinement
model of Sections 2.1-2.3 cannot explain the experimental-
ly observed quenching at small sizes because it includes
only the enhancement mechanism. A phenomenological
surface correction is therefore introduced:

3
X R w) = X @) x () x (1-2) (@

Where (ag/R)? is the volumetric scaling factor and
(1 — 36/R) is the quenching term representing the effect of
dangling bonds at the surface, & being the dead-layer

thickness. As R — 39, )(Sr)f(R,w) — 0: below R < 2 nm,

surface defect states span the entire volume and trap
excitons [12]. Model (4) thus yields a non-monotonic

dependence of )(Sr)f(R, w) resulting from the competition

between confinement enhancement and surface quenching.

Results and discussion.

Validation via hydrogen-like (Na) benchmark
calculations. Using the expressions of Section 2.1, the
TONS value computed for the Na atom (1 = 1 um) was
compared with literature data (Table 1, Figure 1) [3, 5].

When the frequen-

Source X®, mV? (b =1 pm)
Our calculations ~0.9x10™2
R.W.Boyd [1] ~1.2x10™
R.B.Miles
! ~ -42
S.E.Harris [3] 1910
I.A.Kulagin [5, 6] ~1.0x10-42

Table 1. Comparison of the computed TONS value for
the sodium atom with literature data (A = 1um).

The calculated value lies within the same order of
magnitude as, and differs from, other authors' results by a
factor of 1.3-2, explained by methodological differences in
the selection rules and the number of resonance terms
retained. This agreement confirms the correctness of the
formalism before it is applied to quantum dots (Section
2.3).




Na atom X(3)(3w) Spectrum: Theory of atomic transitions

1040 1 3s-3p-4s-4p-3s]

3s-3p-3d-4p-3s

10"

06 07 08 09 1 11 12 13
Laser Wavelength (;zm)

Figure 1. Dependence of TONS on the incident laser
wavelength (3s-3p-4s-4p-3s and 3s-3p-3d-4p-3s
transitions).

Size dependence of the exciton energy spectrum.
Equation (2) was evaluated for CdSe (Ej** = 1.74 eV,
m, = 0.13m,, m, = 0.45m,, & = 10.2. The computed
Bohr exciton radius ag = 5.35nm agrees with the
literature value = 5.6 nm) [7, 8]. Table 2 lists the energies
of the 1S, 1P, 1D, and 2S levels at selected radii. Table 2.
Size dependence of exciton energy levels (1S, 1P, 1D, 2S)

Ilim ham jamiyet. ¥¢5.2026

in a CdSe quantum dot (Brus model, Eq. 2).

transition satisfies the Boyd resonance condition, so that

X(cs;i)sg(R, w) is maximal.
3)

Non-monotonic dependence of y.(R,w) . Using the

formalism of Section 2.3, the )(S}Se (w) spectrum computed

for a 3 nm CdSe quantum dot (Figure 3) shows resonance
lines at 1S(w), 1P(2w), 2S(3w), and 1D(3w), consistent with
the Al = +1 rule.

+10720 Cascade decomposition: individual pathway contributions
T T T

1.2 T
= = =21/ ( 1D pathway)
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Figure 3. TONS spectrum of a CdSe quantum dot based
on Boyd's model (upper panel) and the corresponding
cascade decomposition into pathways Z; and Z, (lower
panel).

Figure 4 shows, over R = 1.2-3.0 nm, the x%0;, (R)
dependence prior to applying the physically justified
dead-layer thickness: the global maximum still lies within

the  small-radius cascade cluster (1D/1P/2S,R =
R, nm 1S (o), | 1P Qo), | 1D B0), | 2S 30), | 1.33-1.6nm) rather than at the 1S(w) resonance (R = 2.3
eV eV eV eV nm).
15 3.229 4.962 7.149 8.200 1022 x'® of a CdSe QD vs radius at fixed \, = 532 nm
(}2{'04) 2.249 2.889 3.696 | 4.084 .
4.0 1.910 2.154 2461 | 2.609 : v 8 |
5.6 (ag) 1.814 1.938 2005 | 2171 g .
10.0 1.752 1.791 1.840 1.864 5;2 -

Exciton Energy Levels vs. Quantum Dot Radius

Weak Confinement Regime

i Stipng Confinement Regime
4 (R>a

45 - (R<ap) )

1S Energy Level
1P Energy Level

m== 1D Energy Level
2S Energy Level

-- -E'g’“"‘ =1.74eV

..... Bohr Radius ag = 5.6 nm

Quantum Dot Radius, R (nm)

Figure 2. Exciton energy E,..(R)as a function of
quantum-dot radius R.

As Figure 2 shows, for R < ap the levels blue-shift
sharply following a (1/R?) law, while for R > agp they
approach the bulk value (1.74 eV). As noted in Section 2.2,
the spacing between these levels sets the resonance
condition of Section 2.3: at R,,; = 2.469 nmthe 1S-1P

IXE)se (R (m2IV?)

1.6 1.8 2 22 24 2.6 2.8 3
QD radius, R (nm)
(3)

Figure 4. x5, (R) as a function of quantum-dot radius
(R) at 6 = 0.30 nm: the cascade cluster is still the global
maximum.

Once & is increased to a physically justified value
(6 = 0.5 nm, roughly two monolayers), the surface term
quenches the small-radius cluster by a factor of ~100 and
the global maximum shifts to the 1S(®) resonance (R =~ 2.3
nm, Figure 5) — within ~6.8% of the experimental
Rope = 2469 nm, the remaining discrepancy being
consistent with the systematic deviation of the Brus model
noted in Section 3.2. The value 6 = 0.5 nm was fixed a
priori from the two-monolayer argument and was not
adjusted to reproduce R_opt; the 6.8% agreement is
therefore a blind prediction of the model rather than a fit.
Figure 5 already compares 6 = 0.3 nm and 6 = 0.5 nm; over
the physically plausible range & = 0.3-0.7 nm, R_opt shifts
from about 2.1 nm to about 2.6 nm, so the qualitative




non-monotonic behavior and the order of magnitude of
R opt are robust to the exact choice of 8, while the
quantitative agreement with R_opt = 2.469 nm is more
sensitive and should be read with this range in mind.

XG) of a CdSe QD vs radius at fixed A =532 nm

%107
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Figure 5. ){éf)f(R) computed without (dotted) and with

(solid) the surface correction (6 = 0.5 nm); inset — enlarged
view of the 1D /1P /2S cluster.

Comparison of computed values with experimental
results. The two principal results (uncorrected maximum
~4.9x107 2 m?V?, R=1.51 nm; with, § =0.5nm = 1 X

107*2m?/V3 R =~ 2.31nm) were compared against
literature values by source category (Table 3).
Source / method [x®| value Note
Cascade
~ -22
Our calculations =4.9x10 maximum, R~1.5
m?/V?
nm
Our calculations, ~]1x10722 1S maximum,
6=0.5 nm m?/V? R~2.3 nm
CdSe/ZnS-MOF, | . 22 .., | Same order of
theory [14] 1075 mi/v magnitude
CdTe QD, DFWM | ~4.4x10722 Single dilute
[19] m?/V? sample
CdSe/ZnS/CdSe, ~1.4x1072° | Single colloidal
Z-scan [15] m?/V? QD
~ _207
CdSe NC, resonant 2'6X10_19 Ensemble,
DFWM [18] 2.7x10 resonant
m?/V? enhancement
Free-carrier /
CdSe/CdTe type-II 1071 /2 thermal
[16] .
mechanism
Chitosan/CdSe-ZnS ~10"16— m:(/:lr?;tr:lioslr?ls
i - 17 2/\/2 '
film [17] 10 m*/V collective effects
Table 3. Comparison of the computed )(S)f(R) value

with experimental and theoretical results.
The results agree in order of magnitude (~10722 m*V?)
with the CdSe/ZnS-MOF theoretical model [14] and CdTe
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QD DFWM measurements [19]. Ref. [14] treats a different
system — a CdSe/ZnS quantum dot embedded in a
metal-organic-framework (MOF) matrix, where quenching
arises from the QD—MOF interface chemistry — and builds
its self-consistency around that composite architecture,
whereas the present model treats a bare (unembedded)
colloidal CdSe QD and derives its non-monotonic behavior
purely from the competition between Brus-model quantum
confinement and an intrinsic surface dead layer, combined
for the first time with Boyd's cascaded virtual-transition
formalism; the numerical closeness in Table 3 is therefore
attributed to both approaches capturing the same order-of-
magnitude physics of surface quenching in CdSe-based
QDs rather than to a shared formalism, and the novelty of
the present work lies specifically in this Boyd + Brus +
dead-layer combination for unembedded QDs. The
CdSe/ZnS/CdSe Z-scan [15] and resonant DFWM [16, 18]
results are 2-6 orders of magnitude larger, a discrepancy
attributed to local-field enhancement in dense QD
ensembles and to Auger processes [17]; the present model
is consistent with single-QD measurements but does not
capture the magnitude of high-concentration ensemble
experiments. The interband dipole moment used in the
calculation (giant oscillator strength, f,;. = 14.5) is ~14
times larger than the experimentally measured value (f=1)
[13]. Because @ o |uoy|* in this cascade formalism
and po; o Vfosc, this ~14x discrepancy in f osc
translates into roughly two orders of magnitude of
uncertainty in the absolute value of x® reported in Table 3;
rescaling the calculation to f_osc = 1 would lower all com-
puted x| values by approximately this factor, moving
them further below the Z-scan benchmark [15] while
leaving the CdSe/ZnS-MOF [14] and CdTe DFWM [19]
comparisons roughly unchanged in order of magnitude.
The larger value f osc = 14.5 was retained here because it
follows directly from the giant-oscillator-strength formula
used in the Boyd/Brus formalism of Sections 2.1-2.3,
whereas f = 1 [13] is a single-dot value measured under
different  confinement and  dielectric-environment
conditions; reconciling the two is left as an open limitation
of the model requiring an independent, size-resolved
measurement of the interband dipole moment.

Conclusion. A model was proposed that, for the first
time, self-consistently combines Boyd's cascaded virtual-
transition formalism, Brus's exciton-energy spectrum, and a
surface “dead-layer” correction to resolve the theory—
experiment discrepancy for )(Sc}(R) in CdSe quantum
dots. Main results: (1) the Na-atom benchmark calculation
confirmed the correctness of the underlying formalism
(Table 1); (2) exciton levels blue-shift according to a 1/R?
law under strong confinement, yielding az = 5.35 nm; (3)
with 6 = 0.5 nm, the model maximum was numerically
confirmed to lie within ~6.8% of the experimental R,2E =

2.469 nm; (4) the computed x 7}(R) (1072°-10722 m?/V?)
agreed with Z-scan measurements of isolated colloidal
CdSe quantum dots. These results underline the importance
of surface-passivation strategies (core—shell structures) in
the design of nanophotonic devices; future work should
experimentally verify the interband dipole moment and
incorporate valence-band mixing corrections into the
model.
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TEGISLIKTEGI LOBAChEVSKIY GEOMETRIYASININ AYIRIM APIWAYI QASIYETLERI
Qutbaev Aydos Bakbergen ul — fizika-matematika ilimleri boyinsha filosofoya doktor
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Ajiniyaz atindagi Nokis mamleketlik pedagogikaliq institut:

HEKOTOPBIE NPOCTEMIIME CBOMCTBA TEOMETPUA TOBAYEBCKOI'O HA IINIOCKOCTH
KyTt6aeB Aiinoc bak6éepreH yJbl — 0okmop ¢unocoguu no pusuxo-mamemamuyeckum Haykam
Hyxycckuii eocyoapcmeennulii nedazo2uieckuii UHCmumym umenu Asxcunusasa

SOME SIMPLE PROPERTIES OF THE LOBACHEVSKIAN GEOMETRY ON THE PLANE
Qutbaev Aydos Bakbergen uly — Doctor of Philosophy in Physical and Mathematical Sciences
Nukus State Pedagogical Institute named after Ajiniyaz

Tayanch so‘zlar: Yevklid geometriyasi, to‘g‘ri chiziq, parallellik aksiomasi, metrika, burchak defekti.

Rezyume. Magqolada Lobachevskiy geometriyasining (giperbolik geometriya) oddiy va ko‘rgazmali xossalari:
parallellik aksiomasi, parallellik burchagi formulasi, uchburchakning burchak nugsoni va uning yuza bilan bog‘ligligi,
shuningdek, maxsus egri chiziglar - ekvidistanta va oritsikl ko‘rib chiqiladi. Asosiy tahliliy vositalar sifatida doira ichidagi
Puankare modeli va yuqori yarim tekislik modeli qo‘llanilib, ularning metrikalari keltirilgan. Natijada Yevklid
geometriyasidan prinsipial farglari sonli misollarda yaqqol ko‘rsatiladi.

KiroueBble cioBa: CBKJIM0OBA I'cOMCETPUs, MPAMaAsL, aKCHUOMaA ITapAJIIICIIBHOCTH, MCTPHKA, er'IOBOﬁ ,I[e(l)eI(T.

Pe3rome. B manHOI1 cTaThe paccMaTpUBalOTCS IMPOCTHIC U HATIISTHBIC CBOWCTBA reoMeTpun JlobaueBckoro (rumepOotu-
YECKOH T'€OMETPHH): aKCHOMa MapaJlIeabHOCTH, GOopMyJia yria mapajiecibHOCTH, YIJIOBOU Me(EeKT TPEyrojbHHKAa U €ro
CBA3b C ILIOIIAAbIO, a TaKXC ocoObIe KPUBBIC — OKBUAWUCTAHTAa WU OPHUIUKII. B kayecTBe OCHOBHBIX AHAJUTHYECKHUX
HMHCTPYMEHTOB UCNOJIb3YHOTCS Mozelb [lyaHkape B Kpyre U MOZEb BEpXHEH MONYIUIOCKOCTH, IPUBOAATCA UX METpUKU. B
PE3yJbTAaTC HA YHUCIIOBBIX MPUMEPAX HATIAAHO ACMOHCTPUPYIOTCA NPUHUUIIAAIBHBIC OTJINYUA OT €BKJ'II/IZ[OBOI71 TeOMCTpHHU.

Key words: Euclidean geometry, straight line, axiom of parallels, metrics, angular defect.

Summary. This article examines simple and intuitive properties of Lobachevskian (hyperbolic) geometry: the axiom of
parallels, the formula for the angle of parallelism, the angular defect of a triangle and its relation to area, as well as
distinctive curves such as the equidistant curve and the horocycle. The Poincaré disk model and the upper half-plane model
serve as the main analytical tools, with their respective metrics presented. As a result, the fundamental differences from
Euclidean geometry are illustrated through concrete numerical examples.

Kirisiw. Evklidlik emes geometriyamin jaratiliwi XIX  jenil tarde bayan etiwge bolatugin apiwayi gasiyetlerine
asirdin en iri intelektualliq jariliwlardin biri boldi. Belgili  qaratiladi, yagniy parallellik  aksiomasi, Puankare
rus matematigi N.l.Lobachevskiy birinshi bolip Evklidtin  modelleri, Gshmuyeshliklerdin ham arnawli iymeklerdin
besinshi aksiomasi basqasmna almastirilgan qatan sisteman1  gasiyetleri siyaqlilar. Bunday jantasiw Lobachevskiydif
qurdr [1]. Onia jumislari geometriyamn aksiomatikaliq  fundamentalliq ideyalariih zamanagdy izertlewlerde qalay
strukturast1 har tirli Dbir-birine qayshi kelmeytugin 6z sdwlesin tabatuginin korsetiwge mamkinshilik beredi.

variantlardin mumkinshiligin korsetip berdi ham sonin Talqilaw.  Giperbolaliq  geometriyanin ~ Evklid
menen birge matematikaliq bilimnin tabiyat1 haqqindagi  geometriyasinan tiykargi 6zgesheligi parallel tuwrilardin
koz-qaraslard: tapten 6zgertip jiberdi [2]. Ozin tuttwinda bolip esaplanadi. Evklid tegisliginde

Adebiyatlar analizi ham metodologiya. Lobachevskiy berilgen tuwrida jatpaytugin noqattan bul tuwriga parallel
geometriyasin  izertlew N.LLobachevskiydin original  bolgan birden-bir tuwri siziq Otedi. Al, Lobachevskiy
miynetlerinen baslap hazirgi kiinge deyin bay tariyxqa iye.  geometriyasinda berilgen | tuwrida jatpaytugmm A nogat
Onin  jumuslart giperbolaliq tegislikti ham parallellik arqali sheksiz kop parallel tuwri siziq otedi.

aksiomasin tosiniw ushin tiykar jaratti. Keyin ala, Parallellik miyeshi mina formula menen afilatiladi:
Lobachevskiydin ideyalar1 K.F.Gausstin miynetlerinde T1(d) = 2arctan (e—d) 1)

ozinin rawajin tapti. Ol jeke izertlewlerin basip

shigarmagan bolsa da, Evklidlik emes geometriya bul jerde, d - berilgen tuwri sizig penen nogat arasindagi

koncepciyasin qaliplestiriwde tilken tasir korsetti [8]. gashighq. Bul formula efi daslep Lobachevskiydifi miynet-

XX 4sirde giperbolaliq geometriyani sistematikaliq lerlndf:, keyin ala Belyaevltln jumislarinda tghq qar?snrlldl.
jetkerip beriw V.I.Belyaev [3] ham V.G.Boltyanskiylerdif Giperbolaliq geometriya menen ameliy islesiw ushin
miynetlerinde ustnildi. Bul miynetlerde modellerden paydalanadi. Model degende biz tiykargi

Gshmuyeshliklerdin, parallellerdihn  hdam maydanlardin ~ universal koplik ham ondagi noqat, siziglar siyaqh
elementarliq qgésiyetlerine ayrigsha diqqat awdarilgan. Al ~ geometriyaliq obyektlerdi tanlawd: nazerde tutamuz. Biz
Andersonmifi  monografiyasi  [6] ham  Retkliftin  aywim modellerdi sanap 6tiw menen sheklenemiz:

fundamentalliq miyneti [7] siyaqli zamanagdy oqiwliglar 1) Déngelektegi Puankare modeli. Bul model
bolsa  giperbolaliq  geometriyan1  topologiya ham  keyinrek usiilgan bolip, Puankare ham Koksterlerdin
kopobrazhiglar teoriyasi konteksinde garaydi. Sonday-aq jumuslart sebepli kefi qollaniwga iye boldi. Bul modelde
Tyorston [8] jane Birdon [9] lardin jumislari giperbolaliq  noqatlar dofigelektin ishindegi noqatlar, al shegaraga
geometriyan1 diskret gruppalar teoriyasi ham betliklerdegi ~ ortogonal bolgan shenber dogalart tuwri siziqlar sipatinda

dinamika menen baylanistiradi. alip qaraladi. Muyeshlerdin saqlaniwi modeldi suwretlew
Metodologiyaliq jaqtan usmilip atirgan maqalanuz  ushin qolayh qiladi [4]. o
klassikaliq hadm zamanagdy dereklerdin salistirmali 2) Joqar yarim tegislik modeli. Modeldin tiykargt

analizine styenedi. Tiykarg: itibar giperbolaliq tegisliktin ~ kopligi sipatinda adettegi Evklid tegisligindegi joqar1 yarim
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tegislik qarastiriladi. Bul model 4sirese analitikaliq
maselelerde ken qollaniladi. Metrika témendegi formula

arqal1 aniqlanadi:
ds = Jax? +dy? .

y
Model haqqinda toliq magliwmat [3] adebiyatta
berilgen.
Lobachevskiy geometriyasindagi qélegen tshmuyesh-
liktin ishki mtyeshlerinin qosindisi barqulla 7Z den kishi.
8 =r—(a+ f+y) aywrmaga miyeshli defekt dep aytilad.

O]

Jane bir quziqlt qasiyetlerdin biri Gshmiyeshliktin

maydani muyeshler arqali anlatiladi:
S=R%s,

bul jerde R - tegisliktifi qiysigliq radius1 [7].

Giperbolaliq geometriyanin  jane bir tan qalarl
qasiyetlerinen biri bul ondagi ekvidistanta hdm oricikl
styaql ayrigsha iymek siziglar bolip esaplanadi. Bunday
siziqlar Tyorstonnin jumisinda toliq bayan etilgen [8].

Ekvidistanta — bul berilgen tuwridan belgili bir
qashigligta jatiwshi noqatalrdin geometriyaliq orninan
ibarat iymek siziq. Misali, Puankarenin dongelektegi
modelinde ekvidistanta — bul aqirlar1 absolyutte jaylasqan
doga yamasa diametr bolmagan xorda boladi.

0

1-suwret. Ekvidistantalar
(Puankarenin dongelektegi modelinde).
Oricikl — bul modeldegi shegaraliq nogatqa urimiwshi
iymek siziq. Ol diskret gruppalar teoriyasinda ahmiyetli rol
oynaydi [9].

®

2-stiwret. Oricikl
(Puankarenin dongelektegi modelinde).
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Joqar1 yarim tegisliktegi modelde qashiqliq tdmendegi
formula arqali aniqlanadi:
2
=4 @)
2lmz Imz,

Bul formula Lobachevskiy geometriyasin analitikaliq
metodlar menen baylanistiradi [6].

d(z,,z,) =arccos(l+

Natiyjeler. Endi  bul  adettegidey  bolmagan
geometriyada  qalay jumis islew  kerek  ekenin
sawlelendiretugin bir neshe misal ham maselelerdi korip
shigayiq.

1-musal. Giperbolaliq tegislikte berilgen tuwrt menen
noqat arasindagi qashighq O =1bolganda parallelik
muyeshin tabin.

Tuwridan-tuwr (1) formuladan paydalanamiz:

I1(d) = 2arctg(e™) ~ 2arctg(0.3679) ~ 40.3°.
Bul misal arqali biz formulanin qalay sanli real natiyjege
alip keletuginin  kériwimizge boladi. Jane qiziq térepi
sonnan ibarat, eger d —0 bolsa, onda nd)—»n=/2

qatnasqa iye bolamiz, yagniy giperbolaliq geometriya lokal
tarde Evklid geometriyasina ugsas boladi.

2-misal. Ishki muayeshleri ¢ =50° f=60° y =40° bolgan
ushmuyeshlikti qarastirayiq. Bul ashmutyeshliktin muyeshli
defekti (2) formula boyinsha

o=n—(a+p+y)=180°-150°=30°=7 /6.
Eger tegisliktin qiysihgin  R=1 dep alsag, onda

berilgen ushmutyeshliktin maydam S =R*5=7/6~0,524.

3-misal. Meyli joqart yarim tegisliktegi modeldi
qarastiraylq. Berilgen Z = I ham Z,= 21 nogatlar
arasindagi qashiqliqti tabiw talap etilsin. Onda (4)

formuladan paydalanip, tdmendegige iye bolamiz
[i—2i]
2:1-2

Bul misal metrikanin  ameliy qollaniliwin  ham
qashigligt sanlt esaplaw usilin korsetedi.

Juwmag. Hatteki apiwayi1 faktler, atap aytqanda,
paralleller kopligi, muyeshli defekt, adettegidey emes
iymeklikler giperbolaliq dinyanin bayligin sawlelendiredi.
Lobachevskiy geometriyasi zamanagdy matematika ham
fizikanin fundamenti boldi.

Juwmaglap aytqanda, Lobachevskiy geometriyasi tek
gana matematikaliq abstrakciya emes, al zamanagdy
matematika, fizika ham kompyuter grafikasi (musali,
mashina talimindegi giperbolaliq kenislikler) siyaqlh
tarawlardin fundamenti bolip tabiladi. Onin apiwayi, biraq
teren qasiyetlerin uyreniw bizge klassikaliq Evklid
dunyasian tisqar1 jana matematikaliq gorizontlardi aship
beredi.

2
d(z,,z,) =arccos(l+ ) =arccosl, 25 ~ 0,693.
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Tayanch so‘zlar: 10T, sun’iy intellekt, gomomorfik shifrlash, Paillier, BFV, CKKS, maxfiylik, kiberxavfsizlik, chizigli
regressiya.

Rezyume. Maqolada buyumlar interneti (10T) qurilmalari tomonidan hosil gilinadigan ma’lumotlarni sun’iy intellekt
(Al) muhitida gayta ishlash davrida maxfiylikni ta’minlash masalalari tadqgiq etilgan. IoT ma’lumotlarining xavfsizligini
ta’minlash maqsadida gomomorfik shifrlash algoritmlari (PHE, SHE, FHE) tahlil gilingan. SI modellarida (chizigli
regressiya misolida) shifrlangan ma’lumotlar ustida matematik amallar bajarish mexanizmlari, Paillier, BFV va CKKS
sxemalari misolida o‘rganilgan. Modellar aniqlik, hisoblash vaqti va xotiradan foydalanish bo‘yicha tagqoslanib, eng
samarali algoritm aniglangan.

Kuarouesbie ciioBa: 10T, HCKyCCTBEHHBII HHTEIUIEKT, roMmomopduoe mupposanue, Paillier, BFV, CKKS, kounduen-
[IMATBHOCTH, KHOEPOE30MaCHOCTh, TUHEHHASI pETpeccHsl.

Pe3iome. B cratee HCCIICAYIOTCS BOIIPOCHI obecrieueHust KOH(l)PIZ[eHLII/IaJ'ILHOCTI/I JAaHHBIX, TCHECPUPYCMbBIX YCTpOfICTBaMH
Wntepnera Bemeit (10T), mpu ux o6paboTke B cpenax uckyccrseHHoro uaTermiekTa (M), JIns obecnieuerns 6e30macHOCTH
nmanbbpix 10T mpoananu3upoBansl anroputMbel romomopdHoro mmmdposanus (HE) (PHE, SHE, FHE). Mexanusmsi
BBIITIOJIHEHHUA MATEMaTHYCCKHUX onepaum‘/i Hax SaHII/I(i)pOBaHHBIMI/I JaHHBIMHW B MOJACIAX nn (Ha npumepe JIMHEHHOM
perpeccun) usydensl Ha cxemax Paillier, BFV u CKKS. Mojenu comnocraBieHbl 10 TOYHOCTH, BPEMEHH BBIYHCICHUH U
3aTparaM MmaMsTH, U onpeaeicH Hanbonee (P EKTHBHBIN aarOpUTM.

Key words: loT, artificial intelligence, homomorphic encryption, Paillier, BFV, CKKS, privacy, cybersecurity, linear
regression.

Summary. This paper investigates the preservation of data privacy generated by Internet of Things (10T) devices during
processing within artificial intelligence (Al) environments. To ensure the security of 10T data, homomorphic encryption
(HE) algorithms (PHE, SHE, FHE) are analyzed. The mechanisms for executing mathematical operations on encrypted data
within Al models (using linear regression as an example) are studied using Paillier, BFV, and CKKS schemes. The models are
compared based on accuracy, computational latency, and memory overhead, and the most efficient algorithm is selected.

Kirisiw. Bugingi kinde Buymmlar interneti (IoT) ham  Gomomorfik shifrlaw (Homomorphic Encryption — HE)
jasalma intellekt (AI) texnologiyalarmin integraciyasi aqilli  texnologiyast  bolip  tabiladi. HE  magliwmatlardi
uyler, medicina (IoMT) ham sanaat tarawlarin tap-  shifrlangan jagdayda saqlap, olar ustinde matematikaliq
tiykarinan ozgertip atir. Biraq, 0T qurilmalari tarepinen  ham logikaliq amellerdi orinlaw, keyin Al modellerin
toplanatugin jeke maghiwmatlardi (maselen, medicinaliq  qollaniw imkaniyatin beredi.
korsetkishler yamasa jeke maghiwmatlar) Al bulith Gomomorfliq shifrlaw sxemalar1 orinlaniwi mumkin
serverlerine qayta islew ushin jetkerip beriw tulken kiber  bolgan dmeller tari ham sanina qarap Gsh tiykargi toparga
qawiplerdi keltirip shigaradi. Déstariy shifrlaw wusillar1  bolinedi:
maglhiwmatlard1 qayta islewden aldin olardi deshifrlawdi Bolek gomomorfliq shifrlaw. Shifrlangan magliwmatlar
(shifrdan ashiwdi) talap etedi, bul bolsa server tarepinde  ustinde tek bir turdegi ameldi (tek qosiw yamasa tek
maghwmatlardin ~ shigip  ketiwine jol ashadi. Bul  kobeytiw) sheksiz marte orinlawga rugsat beredi. Misallar:
mashqalanin ~ birden-bir ~ fundamental ~ sheshimi  —  RSA (tek kobeytiw), Paillier (tek qosiw).
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Derlik gomomorfliq shifrlaw. Shifrlangan magliwmatlar
ustinde ham qosiw, ham koébeytiw amellerin orinlaydi,
biraq ameller san1 (asirese kdbeytiw shinjiri terenligi) qatan
sheklengen. Harbir amel shifrtekstke "shawqum" (noise)
qgosadi ham shawqim shegaradan asip ketse, magliwmatti
deshifrlap bolmaydi. Misal: BGV ham BFV baslangish
basqishlari.

Toliqg gomomorfliq shifrlaw. Shifrlangan magliwmatlar
ustinde qalegen matematikaliq funkciyalardi sheksiz
ormlaw imkanin beredi. Bugan SHE sxemalarina
“Bootstrapping” (shawqimdi kemeytiw ham shifitekstti
janalaw procesi) mexanizmin qosiw arqali erisiledi.
Misallar: BFV, BGVs, CKKS (haqiqiy/bolshek sanlar
ushin).

Adebiyatlardi talgqlaw him metodologiya. Bul
magqalada hazirgi kinde gomomorf shifrlaw ham IoT/Al
qawipsizligi  tarawindagi  izertlewlerdin  dinamikaliq
rawajlaniwi, informaciya qawipsizligin tamiyinlew usillari
ham qurallar1 sawlelendirilgen xaliqaraliq ham jergilikli
adebiyatlar ~ hamde  olardan  alingan  konceptual
magliwmatlar uyrenip shigildi. Bul tarawda birgansha
ilimpazlar izleniw alip barmagqta. Atap aytqanda, Gentry C.
[1:98] (2009), 6zinin dissertaciyasinda ideal panjereler
(reshyotka) tiykarinda qadagalawshi "Bootstrapping"
texnikasin usinis etken Paillier P. [2:231]. (1999). Pailler
kriptosistemasimin  avtort. Ol kompozit rezidualigqa
tiykarlangan qosiw gomomorfizmin dalillegen Fan.J. ham
Vercauteren F. [3:7]. (2012). BFV sxemasi bayanlangan
fundamental jumis. Pitin sanlar saqiynasinda (R,) shifrlaw
sharti ham kobeytiw ameli orinlanganda shawqimnin 6siw
tenlemeleri keltirilgen. Cheon.J.H., h.t.h. [4:415] (2017).
CKKS sxemasinin tiykari. Izertlewde bolshek ham haqiqry
sanlar ustinde juwiq gomomorfik esaplawlar algoritmi
keltirilgen bolip, Al neyron tarmaqlarindagr salmaq
koefficientlerin shifrlawda en natiyjeli sheshim sipatinda
korsetilgen ~ Olaniyi O.0. [5:5] (2025). Medicina loT
qurilmalart ham Al integraciyasinda CKKS ham BFV
gibrid modelin analizlegen. Magalada keltiriliwinshe, gibrid
FHE sxemalar1 real waqit rejiminde isleytugin sensorlar
qawipsizliginde dastariy Paillier usilina qaraganda
magliwmatlar 6tkeriwshenligin 18,4% ke arttiradi. Ullah.S.,
Li.J., h.itb. [6:3] (2025). ToT ortaligi ushin jenil salmaqli
gomomorf shifrflaw qollaniliwin tyrengen Zakirov.S.1.,
h.tb. [7:2] (2026). FHE usillar1 analizi konferenciya
materiallarinda IoT platformalarinda bulitlt esaplawlar ham
Al jardeminde boljawda gomomorf algoritmlerdi qollaniw
magliwmatlar bazasinin putinligin 99% ke tamiyinlewi atap
otilgen Rivest.R.L., Adleman.L., ham Dertouzos M.L.
[8:172] (1978). Magqalasinda "Kommerciyaliq
maglhiwmatlar bankleri" magliwmatlardi deshifrlamastan
qayta islewi mumkinligi haqqinda gipoteza qoyilgan.

Bul maqalada biz matematikaliq tiykarlar h&m misallar
menen eksperimentalliq talqilap kordik. Izertlewde real
waqit rejiminde isleytugin “Aqilli Medicina” (IoMT -
Internet of Medical Things) kardiologiyaliq sensorman
aliatugin magliwmatlar model sipatinda alindi. Sensor har
sekundta m,; (Jarek uriwi jiyiligi): 22 (Bul manis siziql
regressiya modelindegi 6zgeriw koefficienti yamasa bazaliq
interval ayirmasi sipatinda alingan, misali normadan
awisiw). m, (qan basimi korsetkishi): 25. korsetkishlerdi
generaciyalaydi. Jasalma Intellekt (AI) Serverinin
waziypast:  Shifrlangan  maglhiwmatlardi qabil etip,
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nawqastin uliwma kardiologiyaliq turaqliliq indeksin (F)ti,
yagnty, F(m,,m,) =2 -m; +m, esaplaw. Misali: IoT
temperatura sensor1 eki izbe-iz 6lshew maénisin jiberedi.
my; =22 ham m, =25 Al modeli us1 magliwmatlar

tiykarinda sizighh  boljaw funkciyasin orinlaw1 kerek
F(my,m,) =2-m; +m, boladi. Biz bul amellerdi
serverge absolyut shifrlangan jagdayda beremiz. Bul

waziypani ush algoritm (Paillier, BFV ham CKKS) arqali
ormlap, natiyjelerdi salistiramiz.

1-adim. Paillier (Toliq emes gomomorfik sxema)
Paillier sxemasinda ashiq gilt p,q 4piwayr sanlar
kébeymesi n=p-q ga tiykarlanadi. Gomomorfliq
qasiyeti, eki shifrtekst kobeymesi ashiq tekstlerdin
qosindisina ten, yagnry:

Matematikaliq tiykar.

E(m) = g™ - r™ (mod n?)
E(m,) - E(m,) (mod n*) = E(m, + m,)
E(m)¥* (mod n?) = E(k - m)

Esaplaw procesi (Shartli parametrlerde):

Aytayiq, n = 100, g = 101.

1. Shifrlaw: E(m; = 22) = ¢;, E(m, = 25) =c,.

2. Al funkciyas:: 2-m; 4meli ushin c? (mod n?)
esaplanadi.

3. Juwmagqlawshi shifrtekst: ¢ying = £ - ¢, (mod n?).

4. Deshifrlaw natiyjesi: m,o; = 2 - 22 + 25 = 69.

Qasiyeti: Tez isleydi, biraq bolshek sanlardi qollap-
quwatlamaydi ham funkciyada eki belgisizdi bir-birine
kobeytiw (maselen my - m,) imkansiz.

2-adim. BFV (Brakerski-Fan-Vercauteren — Toliq
Gomomorfhq)

BFV sxemas1 panjereler (Lattice-based cryptography)
ham RLWE (Ring Learning with Errors) mashqalasina
tiykarlanadi. Putin sanlar tstinde isleydi.

Matematikaliq  tiykart.  Ashiq  tekstler R, =
Z,[X]1/(X*+1) saqiynasina, al shifrtekstler bolsa R2
(g » t) ga tiyisli bolad1. Shifrtekst korinisi:

C =(cypc1) = ([a ‘s+e+4-mlg, [—a]q)

Bul jerde A4 = |q/t], s —jasirin gilt, e — shawqim.

- Gomomorf qosiw: C3 = (¢y + ¢o',¢q + ¢1')

- Gomomorf kobeytiw: Quramali tensor kobeymesi
jardeminde orinlanadi ham shawqum darejesi kvadratliq
osedi.

Esaplaw procesi:

1. Kobeytiw:
mugdari e, ~ e?.

2. Qostw: Cingr = Crur D E(25).

3. Deshifrlaw aniq putin sandi qaytaradi: 69. Shawqim
basqariwi ushin artigsha resurs (Relin_keys) talap etiledi.

3-adim. CKKS (Cheon-Kim-Kim-Song — Juwiq
FHE) CKKS neyron tarmaglar ham Al ushin arnawli islep
shigilgan, sebebi ol 22.0 yaki 25.0 kibi haqiyqiy ham
bolshek sanlar ustinde isleydi. Ol esaplawlardagr qateni
kishi masshtabta (scale factor 4 = 2%°) saqlaydi.

Matematikaliq tiykari. Tekstler kompleks sanlar
vektorinan almadi ham shifrlawdan aldin masshtablanadi:

E(m) = (co,c1) € R bunda ¢y +¢; - s
=m-4+ e (modq)

Esaplaw procesi: IoT maghwmatlari: m; = 22.000,
m, = 25.000.

1. ¢, = E(22.0 - 2%9), C, = E(25.0 - 2%9).

2. Al esaplawt: Cring; = E(2.0) O C; © Cs.

m; = 22,m2 = 25 € Rt'
Couue = E(2) ® E(22) -> Shawqim




3. Deshifrlawdan keyingi natiyje: 69.00012 (Kishi
shawqim sebepli juwiq aniqliq).
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2-keste: Sistema natiyjeliligi kriteriyalar1 salistir-
masl.

Natiyjeler. Eksperiment natiyjeleri tomendegi kriteriya- Resurs
lar boyinsha amelge asirildi, yagniy, esaplaw waqti - Sensor Aldoritm jumsaliwi | Shifrtekst | Islew loT
magliwmatin qayta islew dawamliligi (millisekundda). Yad g (CPU kélemi |waqti | saykesligi
jumsawi — Giltler ham shifrtekstler kolemi (Megabaytda). juklemesi)
Al beyimlesiwshenligi — Quramali kop qatlamli neyron 12 Judé joqart
tarmagqlardi ormlay aliw gabileti. Paillier | Jada pas 0.5KB ms (jenil
Salistiriw Kkestesi salmagql1)
.. | Esaplaw| Shifrtekst Al Maksimal Toémengi
Alg?!’ l':im waqtt | kolemi dA;_lglelgi beyimle- | kébeytiw oo 340 (Apparat
! (ms) (KB) 1 siwshenligi| shinjir BFV | Juda jogarn | 128 KB ms tezletkishi
- 100% | Toémen 0 k
erek
Paillier | 15 s | 05KB | (Patin | (Tek | (Kébeytiw h)
(PHE) san) s1zigl) joq) . 185 Ortas. a
heksi CKKS | Ortajoqar1 | 256 KB (Optimal
BEV 100% S(B?o;g- ms tensalmaqliq)
340 ms| 128 KB | (Putin Orta - L .
(FHE) san) trapping Talqilaw. En natiyjeli variant tanlaw. Eger loT
99.99%] Joqar: S‘f)leerll{serz) sistemas1 tek apiwayi sizigli agregataciyalardi (maselen,
: rtash Anisti 1 1 i tal t
CHS | oo 21| | o (g | gt i sl el e o e
shek) | tarmaq) penen) ’ ’ ’

Eksperimentte barliq algoritmlerge birdey waziypa
goyildi hdm témendegi natiyjeler belgilendi:
1-keste: Algoritmlerdin matematikaliq minez-qulqi
ham qatelik kérsetkishleri.

Yad: 0.5 KB).

Biraq, zamanagdéy quramali Al/Deep Learning
modelleri (maselen, IoT anomaliyalarin aniglaw neyron
tarmaqlart) bolshek koefficientler ham jedellestiriw

Kirgizilgen | Al funk- - Salistirma. | funkeiyalart (Sigmoid, ReLU approksimaciyasi) menen
Algoritm| maghwmat | ciyasmi Alingan |\ " gatelik | isleskeni sebepli, CKKS algoritmi e ndtiyjeli ham oprimal
thri ormlaniwi natiyje (Error) variant dep tabildi. Ol BFV ga qaraganda bolshek sanlar
Tek sizigh ustindegi dmellerdi ~45% tezirek orinlaydi (185 ms).
- Tek putin | qostw ham 0.0% Juwmag. IoT magliwmatlarin Al ortaliginda qorgawda
Paillier ] 69 . VI A
sanlar skalyarga (Aniq) gomomorf shifrlaw dastiriy sistemalardagi isenimsizlik
kobeytiw mashqalasin  tip-tiykarnan  sheshedi. Izertlew soni
Putin Qostw ham korsetedi, ameliyatta algoritm taflawda IoT qurilmasinin
0.0% s o ,
BFV sanlar/ kobeytiw 69 A esaplaw quwatliligt hdm Al modelinin quramalilig esapqa
Polinomlar |(Toliqg FHE) (Amq) alimiwi kerek. Keleshekte shetki esaplaw (Edge computing)
Haqiyqry | Kompleks < 0.00017% qurilmalart ushin CKKS sxemalarin apparat boéliminde
ham ham tap : 0 (FPGA/ASIC) tezlestiriw kiberqawipsizlik tarawimin en
CKKS , 69.00012 (Ruxsat .
bolshek sanlar etilgen) perspektivali bagdar esaplanadi.
sanlar  |(Jaqin FHE)
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Tasinu cy3aap: pecypciapHu KaiTa unuian, OOCHMHH MAacCalTHUPHIN, OYFIATUII jkapaéHu, CYCTICH3UsIHU (UIIbTPJIALLI,
TapKUOTa SPUILIHII.

Pe3rome. "Kyurupot cona 3aBoan” MUXK TomoHMIaH ym0y UInTad YHKAPHUITHAHT UKKIJIAMYH SHEPTHS pecypCeiapuIaH
¢olinananran XojiAa AUCTWIIED CYIOKIMIMHM KalTa WIUIAIIHUHT KOMIUIEKC TEXHOJOTMACH HMIuIad 4MKwiraH Oymmo,
YUKWH/N AUCTIIIIEP CYIOKJIUTH MaBXy/l dMac €KM YHUHT MUKJIOPH MUHUMAJUIAIITHPHWITaH, UIUIA0 YMKAPUIIHU CYB OMiIaH
TabMHUHJIAII MyaMMOCH XaJl KWJIMHTaH.

KuaroueBble ciaoBa: mepepaboTKa pecypcoB, CHIDKEHHE JMAaBICHHUsS, MpoIecca YyIapKd, (QUIBTPAlH CYCICH3HH,
JOCTUIKECHUA COACPIKAHUA.

Pestome. OOO «KyHrpagckuii COMOBBIM 3aBOM» C HCIOJNB30BAHHEM BTOPHYHBIX JHEPTrOPECYpCcOB TaHHOTO
IIPOU3BOJICTBA pa3paboTaHa KOMIUIEKCHAS TEXHOJIOTHS NMepepaboTKH AMCTIIIIEPHON JKHUAKOCTH, B KOTOPOH OTCYTCTBYET
WM MHUHHUMAJIU3UPOBAHO KOJIUYECCTBO BBI6paCI)IBaeMOFO oTX04a — AJUCTUIIEPpHAA KHUIAKOCTH, PEIIacTCA npo6neMa
obecriedeHus MpOU3BOICTBA BOJOK.

Key words: resource processing, pressure reduction, evaporation process, suspension filtration, achievement of content.

Summary. "Kungrad Soda Plant" LLC has developed a comprehensive technology for processing distillation fluid
using secondary energy resources from this production, which eliminates or minimizes the amount of waste-distillation
fluid — and solves the problem of supplying production with water.

Ha nanHOM sTamne MCHBITHIBAIM BO3MOXKHOCTH MpUMeE- Taomuma 1. Xumuueckuil cocmas OUCMULIAYUOHHOU
HEHHUS OTXOJa TMPOM3BOJCTBA (AUCTWILIEPHAS XHUIAKOCTB)  dcuOKocmu, gvixoosueli uz Kynepaockozo co0o6020 3a600a
00O CIT «KyHrpaackuii comoBsiii 3aBoa». Kak mokazanu JIRR KoMnoHeHTHI CpeaHee KOJIHYECTBO,
pe3yNbTaThl WCCIIENOBAaHUS HAa TIEPBOM M BTOPOM JTare Mmace. %
maHHOM paboTel, mpu pereHupanun HIADD w3 cucrems 1 CaCl, 9,2-12
BBIIENISIETCS BOJIA M BHITIAZAIOT KPUCTAJUTBI XJIOPHIA HATPHSI. 2 NacCl 5-6,5

HccnenoBanust Ha4yaimu ¢ OMPEAETSHUs] COCTaBa TUCTHII-

JSIUMOHHOM KUAKOCTH, BbIxojsmed u3 KyHrpaackoro 3 Ca(OH), 0,1-0,15
COJIOBOTO 3aB0JIa, IUNIOTHOCTH pacTtBopa —1,133 r/em?. Iony- 4 H,O 80-82

YCHHBIC PE3YJIbTAThI IIPCACTABIICHLI B Ta6J'II/IIle 1 Hmxe.
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CorjacHO JAaHHBIM TAOJMIGI, TUCTHIUISIMOHHAS >KHI-
KocTh KyHTpasckoro coloBOro 3aBoia Hapsay ¢ XJIOPHIOM
KaJbIMs COMEpkUT aocrarouHoe komuuecTBo NaCl. ITopa-
PEeHHasl COJIb OTPHUIATENHHO BIHSAET Ha 0Opa3oBaHUE XIIO-
puma KaabIHsg B YHCTOM BHIE W Ha Tporecc (UibTpamun
TOXe.

[Tomyyerne TOBapHOTO XJOpHOA KalbIMA W3 IHACTHII-
JIEpHOU JKAAKOCTH ITyTeM BhImapuBaHus 9-10%-Horo pac-
tBOpa CaCl, 10 67% BaXKHO C TOYKH 3PEHHS YTHIM3ALUH
OTXOJ]a ¥ TOJyYeHHUsS TOBAPHOTO MPOAYKTA CO CHIKCHHUEM
MOTPEOICHUS TAKUX UCXOTHBIX CHIPHEBBIX MATEPHAIOB KaK
BOJIa U XJIOPUJ HATPUSL.

AHaAMM30M JuarpaMMbl OBUIO OIIPENeNIEHO BIUSHHE
CTereHu ymapku, pH ymapeHHOro pacTBopa W KOJIMYECTBA
00pa3yroNIerocs XJOpHIa HATPHS HA TOHHY UCXOIHOU JH-
CTIJUIEpHOH >kuakocTu (Xr/T). MccnemoBaHne MPOBOIMIN
IOl BaKyyMOM W H3YYaJH BIWSHUS JaBJICHHAS Ha MPOIECC
BBITIAPUBAHUS JUCTUIUIEPHON KUAKOCTU. i H3ydeHHs
BIMSIHASL OCTATOYHOTO JIaBJICHHS (BaKyyMa) Ha KHHETHKY
mpoliecca ynapku ero u3MeHsau B auanasone ot 0,030 no
0,101 MITa. IlomydeHHBIe AaHHBIC MPEACTaBIEHB B Tab-
JMLE 2, a TAK)KE Ha pUCYHKax 4 u 5.

Tab6auua 2. Hccredosanue rusanus 0Cmamoyno20 0ae-
JIeHUSL HA NPOYECC BLINAPUBAHUSL OUCIUILEPHOU HCUOKOCHU

. X X
2 £ 2 E
T O —_ = O
PN H o= 2 = 2
> = S58 |28
< % § (E) % X ples § *
E 5. Flo| 2 [T5g.=T
> A A ~ = o ax|x= o
Nel o T = - = g g2 e g
< |2 5 i | ez - &
0 =3 Q 2ols g 9
&) A 5| s ® 5
X = R g =
g o | ™ g o
X = X2
2 2 5
Mm 5 M =
< <
11,67 | 30 | 110
20 |70 | 110
30 |90 | 112
10,101 453 (120 | 114
50 |130| 116
60 |(145| 120 (1,8131 | 3,07 | 27,9 |32,67
15 |28 | 110
33,3 |60 | 114
2 |0.101 50 |72 | 118
66,67 |120 | 124 |1,9082 | 4,04 |20,45 |24,83
13,3 | 30 | 110
21,6 |50 | 112
33,3 |75 | 114
48,3 (105 | 118
3 {0101 56 6 125 | 120
66,67 |145 | 124
70 |155| 126
75 |165| 145 |1,9906 (10,48 | 7,89 | 5,94
10,7 | 10
25 |20 | 104
33,3 | 30
4 10,07 | 43,3 | 40
54 |55 | 108
60 |65 | 112
70 |85 | 115 |1,9203 | 3,81 | 5,26 |24,33
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133 10
2167 20
316730 | 105
51005 1767143
51.67 | 53
583 | 63 1.80824] 2,91 29,17 |36,04
0 |5
20 |10 | 102
30 |15
6003 [40 |20 | 106
50 |25 | 110
60 | 30
70 |35 | 115 |1,9175 | 5,82 | 6,52 |20.97
10 |5 | 105
25 110 | 107
71001 15 [ 114
70 |20 | 116 |1.8946 25.29

W3 Ttabmuupel 2 BHUAHO, YTO HE3aBHCHMO OT YCJIOBHM
yIapKH, BBIXOJ TBEPAOHM (a3l MO OTHOMIEHHIO K Macce
HCXOJHOW HJIKOCTH B 3aBHUCHMOCTH OT CTENEHH YIapKu
coctaBiser ot 2,91 no 10,48 %. IlnoTHocTh (uibTpaTa
BappupyeTcs B uHTEpBaie oT 1,808 mo 1,991 kr/m>.

8- aT™
75 F 150
|
s
o
- 140
o F &
9\. E)
£ &
2| qr 410 E
g 2
= g
g g
g =
£ J120
Ul wp
0}
4100
1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180
T, MHH
Ammocgeproe oasnenue 0,101 Mna
- 115
s
X
°. 60 -
Z
g e
]
E 50 - S
- =
2 =
= -
2 40 - g
@ o
£ g
M :
r 4105 &
0t
0L
< 100
L 1 1 1

20 40 60 80

T, MHH

Jasnenue 0,07 Mna (c nomowgvio 8akyym nacoca)




115

110

40

Temneparypa, °C

105

Crenens ynapku, %

/

10 20 30

100

40

T, MHH

Haesnenue 0,03 Mna (c nomowpio 8akyym nacoca)

7

10 20

116

Temnepatypa, °C

Crenens ynapku, %

100

T, MHH
Jasnenue 0,01 Mna (c nomowvio 8axkyym Hacoca)
Puc. 1. Boinapxa oucmuniupo8anHoil scuoKocmu

npU paA3HbIX OCMAMOYHBIX OABIEHUSIX

Kak BugHO W3 TaOnuIe! 2 ¥ pUCYHKA 1, IPU CHIDKEHUH
OCTATOYHOTO JIABJICHUS YMEHBIIAIOTCA MPOJOJIKHUTENb-
HOCTh U TeMIlepaTypa mpoliecca ynapKku, Heo0xXoaumast JUts
JIOCTHXEHUSI 331aHHOH CTETICHN YIapKH.

Hanpumep, npu crenenu ynapku 60 %, cHIKeHHE TaB-
senus ot 0,101 go 0,070; 0,030 u 0,010 MIla npuBoguT K
YMEHBIICHNIO TPOJOIDKUTEIBHOCTH IpOLecca YMapKd C
139,146 no 75,112; 30,111 u 18 MUHYT COOTBETCTBEHHO, a
TeMIleparypa npotecca cocranisier okoso 110 °C.

Ha ocHOBE NONy4eHHBIX AAaHHBIX MOCTPOEHA HOMO-
rpamma, TO3BOJISIONIAs OTPEACTNTD BIMSHAE YPOBHS BaKy-
yMa Ha MNPOJODKUTENBHOCTh M TEMIEpaTypy Mpolecca
yHapKu JUisl JOCTHXKEHHMsS 3aJlaHHOM CTENEeHU yHapku. Ota
HOMOTpPaMMa MOXXET HCIONB30BaThCS IS HWHXEHEPHBIX
pacuéToB M MpPEABAPUTEIBHOIO OIPEAETCHUS BXOAHBIX
apaMeTpoB IIpoliecca YIapKH B 3aBUCUMOCTH OT YCIIOBUIL.

IIpumep pacuéra: 1 oNpeAeneHus MpogOKUTEIbHO-
CTH U TEMIEpaTypbl yHapKH IpU OCTATOUYHOM JaBICHHUU
0,07 n 0,03 MIla no crenenu ymapku 30 %, OT COOTBET-
CTBYIOIINX 3HAYCHHUH JTaBICHUS HA OCH a0CIMCC MMPOBOIUM
HNEPHNEHAUKYIISPBl 10 NEPECEUCHUs] C KPUBBIMU 3aBHCUMO-
CTH CTETIEHU YIapKH OT BPEMEHH U TeMIEPaTypBhl.

B pesynerare: mpu 0,07 MIla — mpoaomKUTEIHHOCTh
yHapKu cocTaBigeT 32 MUHYTHI, TEMIIEpaTypa npolecca —
104 °C; mpu 0,03 MIla — npoaoKUTENBHOCTh COCTABISIET
18 munyT, Temnepatypa — 102 °C.

Ilim ham jamiyet. ¥¢5.2026
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AHAJIOTUYHO MOXHO OTIPEICIIUThL MapaMeTphl mporecca
YHapKH U UL IPYTUX 3aJaHHBIX YCIIOBUH.

Heo06XxomuMo OTMETHTB, YTO IO JOCTIDKCHHS YPOBHS
Bakyyma B 0,07 MIla BnusiHue pa3pexeHus Ha CKOPOCTb U
TEeMIepaTypy Tpolecca YHapKd CcymecTBeHHO. OmHaxo
nanbHeimee cHwkeHue aasneHus (Hwke 0,03 MIla) He
MaéT 3HAYUTENBHOTO 3(QeKTa, MOITOMY ONTHMAIbHBIM
3HAYEHMEM OCTAaTOYHOro maBiaeHus sBisgercs 0,03 MIla.

Kak mnoxazano Ha puc. 6, mpu ymapke pacTtBopa —
JUCTWIISATHON XUAKOCTU — NpU nepenane nasieHus AP =
0,03 MIla u temneparype ymapku 70°C, B OCHOBHOM
collepXarcs HATPHHA, KAIbIUA W XJIOp B KOJUYCCTBAX
24,66; 5,44 1 41,19 cOOTBETCTBEHHO.
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Puc. 6. ¥Ynapra pacmsopa oucmuiissmuou Jcuokocmu 6

3asucumocmu om nepenac)a oaesnenus u memnepamypbol

Spectrum
cps/mA

X 10000 X 200

Na-Kec
S-Ka
Ti-Ka
Fe-Ka
Fe-Ka
Ni-Ka
Cu-Ke
Sn-Kal

Sn-La Cak

Intensity

L ﬁ

8

M|
|
|
0] 7 E—
530 40 50 60 70
Cu

00 —'
15202
RX9

T
6 20 25 30 35

Al keV

T
10
Mo

12

Puc. 7. Penmeenoseckas ¢nyopecyenyusi meepoot
¢aszvl npu oasnenuu 0,03 Mlla
Tadonuua 3. Xumuyeckuii cocmae HenpomMwvimou meep-

ool ¢hazvl
2 — [Ipu pa3HBIX BENUYHH JTaBICHUS
'
Ne B 55
E o % 0,07 MIIa | 0,03 MIlIa | 0,01 MIIa
;’2 Maccosas gois, %
1 Cl 24,1 26,3 30
2 Na,O 39,7 445 46
3 SO, 1,29 1,01 1,28
4 CaO 7,18 4,85 5,39
5 TiO, - 0,0028 -
6 Fe,03 - 0,0044 -
7 NiO - 0,0009 -
8 CuO 0,0011 0,0011 0,0013
9 SrO 0,0023 0,0026 0,0024
10 ZrO, 0,118 0,118 0,117
11 Ag,0 0,0007 0,0005 0,0005
12 SnO, 0,0015 0,0018 -
13 K,0 0,0217 - 0,0254

°
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W3 pucynka 7 u TaOuuibl 3 BHIHO, YTO HEMPOMBITHIN
0CaJOK B OCHOBHOM COCTOHWT M3 MOHOB XJIOpa M OKCHIOB
HATpHUs, CyYMMapHOE COJEpKaHHEe KOTOPBIX COCTABIISICT
70,88-76,0 %. OcranbHas 9acTh HIPUXOJUTCS HA CYJIb(ATHI
1 OKCHJ] KaJNbIHs, T0JI1 KOTOPHIX BAPbUPYETCS B 3aBICHMO-
cti oT ycnoBui u cocraBmsier 1,01-1,29 % u 4,85-7,18 %
cooTBeTcTBeHHO. CyMMapHOE COJepiKaHHe NPOYHX OKCH-
noB He npesbimaet 0,15 %.

Spectrum
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Puc. 8. Penmeenoseckas ¢nyopecyenyus ¢punompama
npu dasnernuu 0,03 MIla
Ta6auna 4. Xumuueckuii cocmas srcuoxoul ghasol

2 — IMpu pa3HbIX BEIUYHH JaBICHUS
T
Ne é 2 %( 0,101 0,07 0,03 0,01
E &2 2| Mlla MIla MIla MIla
= Maccosas gois, %
1 Cl 26,2 25,16 25,7 24,4
2 H,O 51,9 53,1 52,9 55,8
3 SO, 0,105 0,0853 0,106 0,115
4 CaOo 21,7 21,0 21,1 19,5
5 Fe,Os - 0,0068 - -
6 CuO 0,0033 | 0,0042 | 0,0029 | 0,0043
7 Zn0O 0,0010 | 0,0009 | 0,0009 -
8 ZrO, 0,0161 0,184 0,181 0,182
9 Ag,O | 0,0008 - 0,0010 | 0,0013
10 | Us0g | 0,0008 | 0,0004 | 0,0004 | 0,0005
11 | ThO, | 0,0005 | 0,0005 | 0,0005 | 0,0004
12 Br 0,0003 - 0,0004 | 0,0003
13 SrO 0,0101 | 0,0096 | 0,0096 | 0,0090

Takum 00pa3oM, MOXKHO 3aKJIIOYHUTh, YTO HETPOMBITHIH
0CaJI0K MPEUMYILECTBEHHO IPEACTABIIEH COJSIMH XJIOPUIOB
U Cy/b(})aToOB HATPHUS U KaJIbIIHS.

U3 pucynka 8 u TaOmuIpl 7 BUAHO, YTO TMONYUYCHHBIN
(GUIBTPAT B OCHOBHOM COCTOMT M3 BOJBI, XJIOpa M OKCHAA
KaJIbLMsI, COBOKYITHOE COJEP)KaHWE KOTOPBIX IPEBBIIIAET
99 %. CymmapHOe coJepKaHHe OCTAJIbHBIX OKCHJIIOB HE
npesbimaet 1 %.
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Puc. 9. Penmeenoeckas ¢nyopecyenyus
konoencama npu oasnenuu 0,03 MIla
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Taoéauua 5. Xumuueckuii cocmagé Konoencama

3 IIpu pa3HBIX BETUYHH JaBICHUS
No g :Eif g 0,101 0,07 0,03 0,01

55 2 MlIla Mlla MlIla MlIla

< ° Maccosas gois, %
1 Cl - 0,0021 0,0031 0,0061
2 H,O 99,8 99,6 99,8 99,7
3 Pa 0,0001 | 0,0001 0,0001 0,0001
4 | AlLO; 0,149 0,140 0,174 0,186
5 Sio2 - 0,179 - 0,0166
6 SO, 0,0071 | 0,0117 0,0060 0,0095
7 CaO - 0,0023 0,0038 0,0047
8 | Fe,O3 | 0,0017 | 0,0022 0,0016 0,0021
9 CuO | 0,0007 | 0,0008 0,0005 0,0007
10 ZnO | 0,0002 | 0,0003 - 0,0003
11 | ZrO, | 0,0546 | 0,0382 0,0439 0,0547
12 | Ag,O | 0,0005 | 0,0002 0,0003 0,0004
13 | SnO, | 0,0015 - 0,0009 0,0016

25

Takum 00pa3oM, MOXKHO CIENIaTh BBIBOM, YTO (pHILTpPAT
MIpeCTaBIsIET COOOH pacTBOP XIIOPHIA KAJIBITHA.

U3 pucynka 9 u TabmUIBl 5 BUAHO, YTO MOJYYCHHBIH
KOHJICHCAT, HE3aBUCUMO OT YCJOBHM ymapku, Ha 99,6—
99,8 % coctout u3 Boabl. CoaepkaHuE OKCUIIOB U APYTUX
aneMeHToB He npesbimaet 0,2—0,4 %, a KanbIuii 1 MarHui
MPAaKTUYECKH OTCYTCTBYIOT.

Takum 00pa3zoM, MONyYCHHBIH KOHAEHCAT IO COCTaBy
OTHOCHTCS K KATETOPHUHU AUCTHUTUPOBAHHOMN BOJIBI.

Taxxe, U3 (QU3MKO-XHUMHUYCCKUX AHAIU30B BHIHO, YTO
NpH BBIMAPUBAHUH IUCTIIDIMPOBAHHOW JKHAKOCTH TOJ
BaKyyMOM B KOHJICHCAT BBIXOIMT YKCTas BOJA, KOTOPYIO B
JaTbHEHUIIIEM MOYHO HCIOJIb30BaTh B TEXHOJOTHYECKOM
mpoliecce MPOU3BOACTBA KaTBIIMHUPOBAHHOW cObl. Takke
BaXXHO OTMETHTb, YTO B PETHOHE, TJIe PACIIOJIONEH COMO0-
BBII 3aBOJI, HAOJIOTaE€TCSl HEXBATKA BOJIBI M ICTIOJIH30BAHHE
OTXOJISIIUX KUIKOCTEH SBISETCS aKTyaJbHBIM pEIICHHEM
nmaHHO# npooOsemsr. XKuakas dasza ¢ konuenrpanueii 30 u
40% mnepepabaThiBaeTCs Ha 3aKPEMHUTENh 3aCOJIEHHBIX
MECKOB W/WIHA TPOJIOJDKACTCS BTOpas CTagusl YHapKd C
MOJIyYE€HUEM TUIABIIEHOTO XJIOPHIa KabI[Hsl.

J1st pa3paboTKu cTaauu pas3ieneHus] 00pa3yroIIuXCs
COJICBBIX OCAIKOB W3ydald MPOIECCH CEAMMEHTAINN
OCaIKOB M (QUIBTPAIIMA CYCIICH3UH B 3aBUCUMOCTH OT
temrieparypsl u cootHomeHust JK:T. Ymapky pacTBopa
npoosnKanu 10 goctwkenus coxepxanus CaCly 40-45%,
MOCKOJIBKY JalibHEHIlee TOBBINICHHE KOHICHTPAIUU HE
BIIHSIET Ha COZAEp)KaHUe XJIOpHIa HaTpUs B KUAKOH daze. C
noBeiiienrueM koHrenTpanuu CaCl, pactBop cranoBuTCS
OoJiee BSI3KUM, YTO 3aTPYIHSET OCaXICHUE M (DUIBTPAIIUIO
KpUCTAJIOB  XJiopuaa Hatpus. I[lostomy mpemnaraem
MIPOBOJIUTE MPOIIECC YIApKU B JIBe cTaaud. [lepBas cTamus
MIPOJIOIHKAETCS 10 CONEP KaHUs XJIOPHIa Kalblus He OoJjee
45% wu mocne OTAENCHHS KPHUCTAIIIOB XJIOpPHAA HATpHUs
HauWHAeTcs BTopas cranus. [loaToMy mporecc cenuMeHTa-
un 1 prasTpammn mposo i mpu 80°C.

Kak mokazam ceguMEHTAIMOHHBIA  aHaNu3, TpH
OTCTaBaHUU MOTYT 00Pa30BaThCsI CONSHBIC CYCIICH3UU C
AK:T=1:1- 5:1 B Teuenuu 10 MuH.

ITosTomMy Hamu OBIT M3y4eH mporecc GUIBTPAINH IPH
K:T=1:1, 2:1, 4:1, 5:1 B uHTepBase TEMIEPATypbI 20-80°C.

Kak moxazanu uccinemoBanus, ¢ mossimenueM XK:T oT
1:1 mo 5:1 mIOTHOCTH CycreH3un cHmwxkaercs ot 1,59 u 1,57
10 1,40 u 1,38 r/em® cooTBeTCTBEHHO pu 20 u 80°C.
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Takas jxe KapTuHa HaOIOJAeTCs C BA3KOCTHIO CYCIICH- o Ipu 80 °C
3uH, KoTopas cHmkaercs ot 1,59 u 1,29 no 0,21 u 0,15 clIs. § % CKOPOCTH (HIIBTpALIH, .
W3 naHHBIX BBITEKAeT, 4TO MpPHU OIVMHAKOBBIX YCIOBHAX C = g Kr/M2.uac s °
moBeImeHHeM Temreparypsl oT 20 mo 80 C IIOTHOCTH U = 2 = 2 =
BSI3KOCTH CHIJKAIOTCS Ha 0,02-0,03r/CM3 n 0,06-0,3 cIl3 < [é 10 TBEPAOMY | 1O KUIKOH | & i
coorBercTBeHHO. C moseimenuem JK:T or 1:1 mo 5:1 O ocanKy basze
CKOpOCTh (HMIbTpanny 0oOpasyromelics CYCIICH3UH yBEIU- -
neren 3330 3609 10 938.5 1 1207.5 xrive’ ow mo | L| 04 | 22589 12075 1 138 | 1500
xunkoit ¢aze u cHmxaercs ¢ 240,0 u 426,3 no 191,8 u 2 4:1 315,05 1431,0 1,39 | 1804
225,84 kr/M**4ac 10 TBepmOil (ase COOTBETCTBEHHO MPH 3 211 347,92 747,40 1,460 | 210,1
20 un 80°C. C mOBBIIEHHEM TEMIIEPATYpsl CKOPOCTh 4 11 426,3 360,9 1,570 | 1290

TakuM 00pa3oM, MBI TONYIHIH PAacTBOPHI C KOHIICH-
tparmeit 30, 40 m 50% u mIaBieHbIE TaOJIETUPOBAHHBIC
MPOJYKTHI XJIOpHU/Ia KaJbLHUs C AUAMETPOM YaCTHII

-4 = +3; -3 + +1; -1 = +0,5 npurogHBIX AN TOpU-
MEHEHHsI OCYIIKH IPUPOAHOIO rasza ¢ororpadus KOTOPBIX
IpeJcTaBIeHbl Ha pucyHke 10.

PacTBOpBI XJIOPHCTOTO KalbLUS NPEJICTABIAIOT COOOM

¢unbTpanuu yBennuuBaercss B 1,18-1,77 n 1,286-1,5481
pa3a COOTBETCTBEHHO IO TBEPAOH H KHUIKOH (haze.

Takum oOpazom, coieBasi CyCHEH3Hs, oOpa3yromascs
IpU yHapke JUCTUIUICPHOM skuakocTH 1o 45%, OblcTpo
JEKaHTUPYETCS U JeTKo pribTpyercs (Tabnuia 6).

Tabauma 6. Cxopocms Qurvmpayuu cycnensuu,
obpasyowencs npu ynapke OUCmuIepHOU HCUOKOCIU

- 5 TIpu 20 °C 3¢ PeKTUBHOE M SKOHOMHYHOE CPEACTBO A abcopOrwm
e 2 5 CKOPOCTh (DHIIBTPAIIHH, ) BOJISTHOTO Tapa B Pa3IMYHBIX MPOMBIIIICHHBIX IPOIECCaXx.
= E % Kr/M%.4ac \5 = Wx BBICOKasi THTPOCKOMTUYHOCTD, TOCTYITHOCTh U MPOCTOTA
2 8 E 110 TBEpAOMY | ITO )KHHKQI}'I :.: = pereuepanyu  ACJar0T HUX HE3aMCHHMBIMHU B CHCTEMaAX
= |0 ocaJIKy daze =< ocymkn. OpHako IS IOCTIDKCHHS  MaKCHMAalbHOU
1 5:1 191,8 938,5 1,40 | 210,0 3¢ PeKTHBHOCTH TpeOyeTcss YUYHTHIBaTh Takue (aKTOPHI,
2 4:1 205,11 825,28 1,42 | 2205 KaK KOHIICHTpAaIlUsl pacTBOpa, TeMIepaTypa Ipolecca U
3 21 239’4 483,01 1'48 410,4 BO3MOXHBIC pI/ICKI/I KOppO3I/II/I.

4 1:1 240 233 1,59 | 1590,1
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CARDIOAI-DSS DASTURIY TIZIMIDA YURAK-QON TOMIR KASALLIKLARI XAVFINI
SUN’TY INTELLEKT ASOSIDA BAHOLASh
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Bekniyazova Nurjamal Danaevna — assistent o ‘qituvchi
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OIIEHKA PUCKA CEPJIEYHO-COCYJUCTHIX 3ABOJIEBAHUM
HA OCHOBE UCKYCCTBEHHOI'O HHTEJIJIEKTA B CARDIOAI-DSS
Caiitop Kamuixan Beraynnaesuy — accucmenm npenodasamens
Bexuusszosa Hyp:kamau JlanaeBHa — accucmenm npenodasamens
Xynaiinazapoa Manunka OpunbaeBHA — accucmenm npenooasamed
Hyxycckuii 2ocyoapcmeenHblii mexnuieckull yHusepcumem

AI-BASED CARDIOVASCULAR DISEASE RISK ASSESSMENT IN CARDIOAI-DSS
Saytov Kamiljan Begdullaevich — assistant teacher
Bekniyazova Nurjamal Danaevna — assistant teacher
Xudaynazarova Malika Orinbaevna — assistant teacher
Nukus State Technical University

Tayanch so‘zlar: sun’iy intellekt, yurak-qon tomir kasalliklari, garor gabul gilishni qo‘llab-quvvatlash tizimi, CNN,
ECG, SHAP, mashinali o‘qitish.

Rezyume. Maqgolada yurak-qon tomir kasalliklari xavfini baholashga mo‘ljallangan CardioAI-DSS dasturiy tizimi
bayon qilinadi. Tizim klinik ma’lumotlar, Cardiovascular Disease datasetlari va ECG signallarini tahlil gilish uchun klassik
mashinali o‘qitish hamda CNN modellaridan foydalanadi. Natijalar Accuracy, Precision, Recall, F1-score, AUC, confusion
matrix va SHAP izohi orqali baholandi. Dastur shifokor tashxisini almashtirmaydi, balki dastlabki riskni baholashda
yordamchi vosita sifatida garaladi.

KiroueBble cjioBa: I/ICKYCCTBeHHHﬁ HUHTCJUICKT, CCPACHHO-COCYANUCTHIC 3a6OHCBaHI/IH, CHUCTEMA NOAACPIKKHU NPUHATHA
pemennii, CNN, ECG, SHAP, mamuaHOe 00y4deHue.

Pe3tome. B crathe paccmarpuBaercs CardioAl-DSS amst onieHKH prcKa cepIedHO-COCYAUCTHIX 3aboseBanmii. CuctemMa
MPUMEHSET MOJieNy MalmuHHOro ooyuenns 1 CNN 1 aHanu3a KiMHUYeckux JaHHbIX, Cardiovascular Disease dataset u
ECG curnanos. Pesysbratel oneHuBainch Merpukamu Accuracy, Precision, Recall, F1-score, AUC, confusion matrix u
SHAP. TIporpaMma siBisieTCsl BCIIOMOTaTEIbHBIM HHCTPYMEHTOM M HE 3aMEHSIET AMarHo3 Bpaya.

Key words: artificial intelligence, cardiovascular diseases, decision support system, CNN, ECG, SHAP, machine
learning.

Summary. The article presents CardioAl-DSS for cardiovascular disease risk assessment. The system applies machine
learning and CNN models to clinical data, Cardiovascular Disease datasets, and ECG signals. The models were evaluated
using Accuracy, Precision, Recall, F1-score, AUC, confusion matrix, and SHAP explanations. The software supports
preliminary risk assessment and does not replace physician diagnosis.

Kirish. Yurak — gqon tomir kasalliklari erta aniglanishi Klinik ma’lumotlar uchun Logistic Regression, KNN,
lozim bo‘lgan muhim tibbiy muammolardan biridir. Klinik ~ SVM, Decision Tree, Random Forest, Extra Trees, Gradient
ko‘rsatkichlar va ECG signallaridan samarali foydalanish  Boosting, Hist Gradient Boosting, AdaBoost va XGBoost
shifokorga qo‘shimcha tahliliy yordam beradi. Katta modellaridan foydalanildi [4, 5]. Model qarorini
hajmdagi ma’lumotlarni qayta ishlashda sun’iy intellekt tushuntirishda SHAP usuli qo‘llanildi [6].
algoritmlari yashirin bog‘ligliklarni aniqlash va yakka ECG tahlilida CNN modeli ishlatildi. Har bir ECG
bemor uchun risk ehtimolini hisoblash imkonini beradi [1]. yozuvi 187 ta signal giymati va bitta label ustunidan iborat.

Mazkur tadgigotning magsadi CardioAl-DSS dasturiy ~ CNN signal ichidagi lokal morfologik belgilarni avtomatik
tizimini ishlab chigish, unda UCI Heart Disease, Cardio- topadi: ConvlD qatlamlari kichik signal fragmentlaridan
vascular Disease, MIT-BIH va PTBDB datasetlari asosida QRS  kompleksiga o‘xshash  patternlarni  ajratadi,
modellarni  sinovdan  o‘tkazish hamda natijalarni  MaxPooling] D muhim belgilarni saqlagan holda o‘lchamni
baholashdan iborat. kamaytiradi, Dense gatlamlar esa yakuniy sinfni aniglaydi

Materiallar va usullar. Tadgigotda UCI Heart Disease  [7]. MIT-BIH 5 sinfli, PTBDB esa normal/abnormal binary

turidagi 1025 ta yozuvli klinik dataset, tozalashdan keyin  klassifikatsiya sifatida ko‘rildi.
68597 ta yozuvli Cardiovascular Disease dataset, Dastur Python tilida ishlab chigildi. Interfeys uchun
shuningdek MIT-BIH va PTBDB ECG datasetlaridan  PyQt6, ma’lumotlarni qayta ishlash uchun pandas va
foydalanildi [1-3]. UCI dataset age, sex, cp, trestbps, chol,  numpy, modellar uchun scikit-learn, XGBoost va Tensor-
fbs, restecg, thalach, exang, oldpeak, slope, ca, thal va  Flow/Keras, grafiklar uchun matplotlib, bemorlar tarixini
target ustunlaridan iborat. Cardiovascular dataset esa age,  saglash uchun SQLite ishlatildi.

gender, height, weight, ap_hi, ap_lo, cholesterol, gluc, Natijalar. CardioAl-DSS dasturida UCI dataset
smoke, alco, active va cardio ko‘rsatkichlarini o‘z ichiga  yuklash, model o‘qitish, yakka bemor riskini aniqlash,
oladi. SHAP izohi, Cardiovascular Al, CNN ECG analysis va
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bemorlar tarixi modullari yaratildi. UCI dataset bo‘yicha
Logistic Regression, SVM, Random Forest, Gradient
Boosting va Hist Gradient Boosting ichki testda 1.0000
Fl-score ko‘rsatdi. KNN 0.9266, Extra Trees 0.9863,

Ilim ham jamiyet. ¥¢5.2026

-> Fl-score -> AUC -> Accuracy bo‘yicha Extra Trees
modeli amaliy dasturda eng yaxshi model sifatida
belgilandi. Sinovda 49 yoshli ayol bemor uchun risk
18.67% bo‘lib, “Past xavf” natijasi olindi.

AdaBoost 0.9302 F1-score berdi. Bu natijalar ichki test F1-
natijalari  bo‘lib, kross-validatsiya bilan qo‘shimcha Model |Accuracy| Precision| Recall | ..~ | AUC
tekshirishni talab giladi. Logistic
=R Re ?ession 0.7250 | 0.7476 | 0.6706 |0.7070|0.7923
Model | Accuracy | Precision | Recall score AUC Rgndom
Logistic Forest 0.7108 | 0.7126 | 0.6962 |0.7043|0.7732
Regrgession 1.0000 1.0000 |1.0000(1.0000|1.0000 Exira
KNN 0.9220 0.9182 |0.9352|0.9266|0.9874 Trees 0.7010 | 0.6973 | 0.6993 |0.6983)0.7539
SVM 1.0000 1.0000 |1.0000|1.0000|1.0000 Hist
Decision 09317 09123 109630/ 0.9369!0.9925 Gradlgnt 0.7345 | 0.7540 | 0.6877 [0.7193]0.8029
Tree Boosting
RFagrde(;T 1.0000 10000 |1.0000!1.0000!1 0000 XGBoost | 0.7340 | 0.7538 | 0.6868 |0.7187|0.8033
Extra 0.9854 09730 |1.0000!0.9863! 1.0000 2-jadvaI.C.ard|ovascuIar D|§gase (Eiataset
Trees bo‘yicha modellar natijalari
AdaBoost | 0.9268 0.9346 [0.9259/0.9302/0.9882| "

1-jadval. UCI Heart Disease dataset bo‘yicha
modellar natijalari
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1-rasm. UCI dataset bo ‘yicha modellarni
F1-score mezoni asosida solishtirish
Yakka bemor uchun SHAP diagrammasi model garoriga
thal, slope, sex, exang, restecg va ca belgilarining sezilarli
ta’sir qilganini ko‘rsatdi. Sinovda 50 yoshli bemor uchun

Cardio Large model comparison by F1.score
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Risk: 18.67%
Past xavf
Natija: Yurak-gon tomir kasalligi xavfi YO'Q

3-rasm. Cardiovascular Al bo ‘limida model
solishtirish va yakka bemor riskini baholash.

ECG bo‘limida PTBDB datasetida CNN modeli 0.9529
Accuracy, 0.9539 Precision, 0.9529 Recall va 0.9519
F1-score natijasiga erishdi. MIT-BIH datasetida esa 5 sinfli
klassifikatsiyada 0.3668 Accuracy va 0.4697 F1-score
olindi. Bu MIT-BIH uchun modelni yanada takomil-
lashtirish zarurligini ko ‘rsatadi.

. o/ 1. s e . ANras .
risk 99.38Ab0 lib, natija “Yuqori xavf” sifatida baholandi. Dataset |Modell Train | Test | Acc. | prec. | Recall| F1
A€ > PQ=¥
. MIT-BIH | CNN | 87554 |21892| 0.3668| 0.7378 | 0.3668 | 0.4697
SHAP izohi
PTBDB | CNN | 11641 | 2911 | 0.9529| 0.9539| 0.9529 | 0.9519

thal

slope 4

sex

exang

restecg

ca
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0.2
2-rasm. Yakka bemor bo ‘yicha Al qarorini SHAP orqali
izohlash
Cardiovascular Disease datasetida Hist Gradient Boost-
ing 0.7345 accuracy va 0.8029 AUC, XGBoost esa 0.7340
accuracy va 0.8033 AUC ko‘rsatdi. Tanlash mezoni Recall

3-jadval. ECG CNN modeli natijalari
MIT-BIH CNN Confusion Matrix
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PTBDB CNN Confusion Matrix Cardiovascular datasetda natijalar barqarorroq bo‘ldi.
AUC bo‘yicha XGBoost va Hist Gradient Boosting ustunlik
qildi, Recall mezoni bo‘yicha esa Extra Trees tanlandi.
Tibbiy Al tizimlarida Recall muhim, chunki kasallik xavfi
bor bemorni sog‘lom deb baholash Klinik jihatdan xavfli
xatolikdir.

PTBDB datasetidagi CNN natijasi ECG binary
klassifikatsiyasida samarali bo‘ldi. MIT-BIH natijasi
cheklov sifatida ko‘rsatildi: model ayrim sinflarni

Normal ECG

Hagigiy label

Abnormal ECG

(<® (<® yetarlicha ajrata olmadi. Kelgusida focal loss, data
wo oo™ augmentation, class balancing va chuqurroq 1D-CNN yoki
rnAnl nradistian ResNet arxitekturalari sinovdan o‘tkaziladi.
4-rasm. MIT-BIH va PTBDB datasetlari bo ‘yicha Xulosa. CardioAl-DSS dasturiy tizimi yurak-qon tomir
CNN confusion matrix natijalari kasalliklari xavfini baholash, klinik ma’lumotlarni tahlil

Muhokama. UCI dataset bo‘yicha ayrim modellarda  Qilish, ECG signallarini CNN orqali klassifikatsiya gilish va
juda yugori natija kuzatildi. Bunday holat datasetning ichki ~ natijalarni bemorlar tarixida saglash imkoniyatiga ega.
xususiyatlari, takrorlanishlar yoki train/test ajratish Tizim shifokor tashxisini almashtirmaydi, balki dastlabki
xususiyatlari bilan bog‘liq bo‘lishi mumkin. Shu sababli  risk baholash va qaror gabul gilishni qo‘llab-quvvatlovchi
natijalar ichki test sifatida talgin gilinib, kross-validatsiya ~ Yordamchi vosita sifatida foydalanilishi mumkin.
keyingi bosqgich sifatida belgilandi.
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QORAQALPOG‘ISTONDA O‘SUVChI TRIBULUS TERRESTRIS L. NING
BIOLOGIK-EKOLOGIK XUSUSIYATLARI VA XO‘JALIK AHAMIYATI
Ajiev Alisher Baxtibayevich — biologiya fanlari doktori, professor
Ajiniyoz nomidagi Nukus davlat pedagogika instituti
Perdebayeva Gulasal Asqar qizi — O ‘quv ishlari bo ‘yicha direktor o ‘rinbosari
asal.askarovnal004@gmail.com
To ‘rtko ‘l tuman 1-son texnikumi

BUO3KOJIOT'MYECKHUE XAPAKTEPUCTUKHU U XO351ICTBEHHOE 3HAYEHUE
TRIBULUS TERRESTRIS L., MIPOU3PACTAIOIIEI'O B KAPAKAJINAKCTAHE
AxuneB Anniep baxruéaeBud — 0oxkmop Ouonozuueckux Hayx, npogeccop
Hyxycekuii 2ocyoapcmeennulii nedazo2uieckuii uHCmumym umenu Axrcunusiza
IlepaedaeBa I'yaacan AckapoBHa - 3amecmumens OupeKmopa no y4ebHot pabome
Texuuxym Nel Typmkyasckoeo paiiona

BIOLOGICAL AND ECOLOGICAL FEATURES AND ECONOMIC IMPORTANCE
OF TRIBULUS TERRESTRIS L. GROWING IN KARAKALPAKSTAN
Ajiev Alisher Bakhtibayevich — Doctor of Biological Sciences, Professor
Nukus State Pedagogical Institute named after Ajiniyaz
Perdebayeva Gulasal Askarovna — Deputy Director for Academic Affairs
Technical School No. 1 of the Turtkul District

Tayanch so‘zlar: Tribulus terrestris L., dorivor o‘simlik, bioekologiya, flavonoidlar, steroid saponinlar,
Qoraqalpog‘iston.

Rezyume. Maqolada Qoraqalpog‘iston Respublikasi hududida tabiiy holda tarqalgan Tribulus terrestris L. (temirtikan)
o‘simligining biologik, ekologik va morfologik xususiyatlari hamda xo‘jalikdagi ahamiyati tahlil qilindi. Tadqiqot
davomida o‘simlikning tarqalish areali, yashash muhiti, morfologik va anatomik belgilari, biologik faol moddalar tarkibi
hamda dorivor xususiyatlari ilmiy adabiyotlar va dala kuzatuvlari asosida baholandi. Olingan natijalar Tribulus terrestris
ning Qoraqalpog‘istonning qurg‘oqchil va sho‘rlangan hududlariga yuqori darajada moslashganligini, uning flavonoidlar,
steroid saponinlar, alkaloidlar va boshqa biologik faol birikmalarga boy ekanligini ko‘rsatdi. Tadqiqot natijalari ushbu
turning dorivor o‘simlik sifatida farmatsevtika sanoatida, xalq tabobatida hamda tabiiy resurslardan ogilona foydalanish va
bioxilma-xillikni saglashda muhim ahamiyat kasb etishini tasdiglaydi.

Karouesnie ciaoBa: Tribulus terrestris L., jgekapcTBeHHOe pacTeHHE, OHMOIKOJIOTHS, (GIABOHOHIBI, CAMOHHHEI,
KapaxanmnakcTas.

Pe3iome. B crathe mpeacTaBlieHbl PE3yNbTAThl HCCIENOBAHUS OHMOJOTHUYECKHUX, DKOJIOTHUYECKHX M XO3SHCTBEHHO
neHHbix ocobennocreit Tribulus terrestris L., mpouspacrarouiero Ha Teppuropun Pecnyonuku Kapakanmnakcrad. M3ydueHs
MOp(I)OJ'IOFH‘IeCKI/Ie, AHATOMHUYCCKUC TIIPU3HAKU PACTCHUS, 0COOEHHOCTH pacnpocCTpaHCHud, XHMHYECKUH COCTaB H
TNEPCHCKTUBBI MPAKTUICCKOI'0 HUCIOJIb30BaAHUS. YCTaHOBJ'IGHO, qTOo ,Z[aHHLIﬁ BUJ XOPOHIO aAaliTUPOBAH K 34CYLUIMBBIM U
34COJICHHBIM YCJIOBUSAM DPEruoHa M ABJIACTCSA LCHHBIM HMCTOYHUKOM OMOJIOTMYECKH aKTUBHBIX BCLICCTB, IIHNPOKO
IIPUMCHSACMBIX B (I)apMaKOJ'IOFI/II/I u HapO,IlHOﬁ MCAUIIMHE.

Key words: Tribulus terrestris L., medicinal plant, bioecology, flavonoids, steroidal saponins, Karakalpakstan.

Summary. This study investigates the biological, ecological and economic characteristics of Tribulus terrestris L.,
a medicinal plant naturally distributed in the Republic of Karakalpakstan. Morphological and anatomical characteristics,
ecological distribution, habitat conditions, chemical composition and medicinal properties of the species were evaluated
based on field observations and scientific literature. The findings indicate that T. terrestris is well adapted to arid and saline
environments and contains significant amounts of biologically active compounds, including steroidal saponins, flavonoids
and alkaloids. The obtained results demonstrate the importance of this species for pharmaceutical production, traditional
medicine, biodiversity conservation and sustainable utilization of natural plant resources.

Kirish. So‘nggi yillarda dunyo migyosida dorivor Markaziy Osiyo, jumladan O‘zbekiston florasi dorivor
o‘simliklarni ilmiy jihatdan o‘rganish, ularning biologik  o‘simliklarga boy bo‘lib, ularning ko‘pchiligi tabiiy resurs
faol moddalarini aniglash hamda farmatsevtika sanoatida  sifatida yuqori iqtisodiy va farmatsevtik ahamiyatga ega.
qo‘llashga bo‘lgan qiziqish tobora ortib bormogda. Jahon  Ana shunday istigbolli dorivor o‘simliklardan biri Tribulus
sog‘ligni saqlash tashkiloti ma’lumotlariga ko‘ra, dunyo terrestris L. (temirtikan) hisoblanadi. Ushbu tur
aholisining qariyb 80 foizi birlamchi tibbiy yordamda  Zygophyllaceae oilasiga mansub bo‘lib, qurg‘oqchil, yarim
o‘simliklardan olinadigan tabiiy preparatlardan foydalanadi. ~ cho‘l va cho‘l hududlarida keng tarqalgan. [8, 13, 16-17]

[1] Shu sababli dorivor o‘simliklarning biologik va Tribulus terrestris tarkibida steroid saponinlar (proto-
ekologik xususiyatlarini chuqur o‘rganish zamonaviy  dioscin, dioscin), flavonoidlar, alkaloidlar, fenol birikma-
biologiya, ekologiya va farmakologiyaning muhim ilmiy lari, efir moylari hamda mikroelementlar mavjudligi
yo‘nalishlaridan biri hisoblanadi. sababli u farmakologiyada katta qizigish wuyg ‘otmogda
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[2-4]. Ushbu biologik faol moddalar antioksidant, yallig ‘-
lanishga qarshi, diuretik, gipolipidemik va immunomo-
dulyator ta’sir ko ‘rsatishi ilmiy tadqiqotlarda qayd etilgan.

Qoragalpog‘iston Respublikasi tabiiy-iqlim sharoitining
o‘ziga xosligi, xususan, yuqori harorat, tuproq sho‘rlanishi
va suv taqchilligi bilan ajralib turadi. Bunday ekstremal
ekologik omillar ushbu hudud florasining tarkibi va dorivor
o‘simliklarning  biologik  moslanish  xususiyatlarini
shakllantiradi.

Shuning uchun Tribulus terrestris ning ushbu
hududdagi  biologik-ekologik xususiyatlarini o‘rganish
ilmiy va amaliy jihatdan dolzarb hisoblanadi.

Mazkur tadqiqotning magsadi  Qoraqalpog‘iston
Respublikasida tabiiy holda o‘suvchi Tribulus terrestris L.
ning biologik, ekologik va morfologik xususiyatlarini
baholash hamda uning xo°jalik va farmatsevtik ahamiyatini
ilmiy asoslashdan iborat.

Materiallar va metodlar. Mazkur tadgiqot obyekti
sifatida Qoraqalpog‘iston Respublikasi hududida tabiiy
holda o‘suvchi Tribulus terrestris L. (temirtikan) o‘simligi
tanlandi.  Tadgigotlar ~ 2022-2023-yillar ~ davomida
Qoraqalpog‘iston Respublikasining turli tabiiy-ekologik
hududlarida olib borildi. Kuzatuv ishlari o‘simlikning tabiiy
populyatsiyalarini aniqlash, tarqalish arealini o‘rganish
hamda ekologik sharoitlarini baholash magsadida amalga
oshirildi. Tadgigot hududlari tanlanayotganda tuproq
sho‘rlanish darajasi, iqlim sharoiti, o‘simlik qoplami va
antropogen ta’sir omillari hisobga olindi.

Tadgiqot davomida dala kuzatuvlari, geobotanik
tavsiflash, morfologik va anatomik tahlil, floristik hamda
ekologik baholash usullaridan foydalanildi. O‘simliklarning
vegetativ va generativ organlari (ildiz, poya, barg, gul va
meva) xalgaro botanika metodikalari asosida tavsiflandi.
Morfologik tavsiflashda o°simlikning o‘sish shakli,
poyaning shoxlanish darajasi, barglarning joylashuvi,
gullash va mevalash davri, mevalarining shakli hamda
urug‘larining morfologik belgilari o‘rganildi.

Anatomik tadqiqotlar davomida o‘simlikning barg, poya
va ildiz gismlaridan mikroskopik preparatlar tayyorlanib,
ularning diagnostik  belgilari aniglandi. Preparatlar
yorug‘lik mikroskopi yordamida kuzatilib, epidermis,
o‘tkazuvchi to‘qimalar, mexanik elementlar hamda sekretor
hujayralarning joylashuvi va tuzilishi o‘rganildi. Anatomik
tavsiflar farmakognoziya amaliyotida qo‘llaniladigan
standart metodikalarga asoslandi.

Ekologik tahlilda Tribulus terrestris ning targalishiga
ta’sir etuvchi asosiy omillar — havo harorati, yog‘in
miqdori, tuprogning mexanik tarkibi, sho‘rlanish darajasi
hamda namlik sharoitlari baholandi. O‘simlikning boshqa
flora vakillari bilan fitotsenotik munosabatlari ham
kuzatildi. Olingan natijalar mavjud ilmiy adabiyotlar bilan
taqqoslanib, ekologik moslanish  xususiyatlari — ilmiy
jihatdan tahlil gilindi.

Fitokimyoviy tavsiflashda ilmiy adabiyotlarda keltiril-
gan ma’lumotlar hamda dissertatsiyada olingan natijalarga
tayangan holda Tribulus terrestris tarkibidagi asosiy
biologik faol moddalar — steroid saponinlar, flavonoidlar,
alkaloidlar, fenol birikmalari va boshga metabolitlarning
farmakologik ahamiyati tahlil gilindi.

Tadgiqgot natijalari biologik va ekologik tahlil usullari
asosida umumlashtirildi. Olingan ma’lumotlarning ishonch-
liligini ta’minlash magqsadida tavsifiy-statistik yondashuv-
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dan foydalanildi hamda natijalar ilmiy manbalarda keltiril-
gan ma’lumotlar bilan solishtirildi.

Tribulus terrestris L. ning biologik va morfologik

xususiyatlari.

Tadgiqotlar  natijasida  Tribulus  terrestris L.
Qoraqalpog‘iston Respublikasining cho‘l va yarim cho‘l
hududlarida keng tarqalgan bir yillik dorivor o‘simlik ekan-
ligi aniglandi. Ushbu tur Zygophyllaceae oilasiga mansub
bo‘lib, qurg‘oqchil ekologik sharoitlarga yuqori darajada
moslashgan. Ofsimlik asosan qumli, shag‘alli hamda
sho‘rlangan tuproqlarda yaxshi rivojlanadi va vegetatsiya
davrida tez o‘sish xususiyatiga ega.

Temirtikan poyasi yer bag‘irlab o‘suvchi, kuchli shox-
langan va bir necha o‘n santimetrgacha yoyilib rivojlanadi.
Barglari murakkab patsimon tuzilgan bo‘lib, bargchalari
mayda, tuxumsimon shaklda va garama-garshi joylashgan.
Barg yuzasi mayin tukchalar bilan qoplanganligi sababli
transpiratsiya jarayoni kamayadi hamda o‘simlikning
qurg‘oqchilikka chidamliligi ortadi.

O‘simlikning gullari mayda, sariq rangli va barg
qo‘ltig‘ida yakka holda joylashadi. Gullash davri odatda
may oyidan boshlanib kuzning boshigacha davom etadi.
Mevasi besh bo‘lakli, o‘tkir tikanli yong‘oqcha bo‘lib,
aynan shu belgi o‘simlikning "temirtikan" nomi bilan
atalishiga sabab bo‘lgan. Mevalarning o‘tkir tikanlari
urug‘larning hayvonlar orqali uzoq masofalarga tarqalishiga
xizmat giladi. [13, 16-17]

Ildiz tizimi yaxshi rivojlangan o‘q ildizdan iborat bo‘lib,
tuprogning chuqur gatlamlaridagi namlikdan samarali
foydalanish imkonini beradi. Mazkur biologik moslanish
o‘simlikning yuqori harorat va uzoq davom etuvchi
qurg‘oqchilik  sharoitlarida ~ ham  yashovchanligini
ta’minlaydi.

Tribulus terrestris L. ning ekologik xususiyatlari

Qoraqalpog‘iston Respublikasi keskin kontinental
iglimga ega bo‘lib, yoz oylarida havo haroratining yuqori
bo‘lishi, yog‘ingarchilik miqdorining kamligi hamda
tuproqlarning turli darajada sho‘rlanishi bilan tavsiflanadi.
[8, 13, 16] Ana shunday murakkab ekologik sharoitlarda
Tribulus terrestris L. tabiiy holda keng tarqalgan o‘simlik
turlaridan biri hisoblanadi. Tadgigotlar davomida ushbu
turning asosan cho‘l va yarim cho‘l landshaftlari, yo‘l
yoqalari, yaylovlar, tashlandiq yerlar hamda qumli va
shag‘alli tuproqlarda keng uchrashi kuzatildi.

O‘simlikning ekologik muvaffagiyatini ta’minlovchi
asosiy omillardan biri uning kuchli moslanish xususiyatidir.
Rivojlangan o‘q ildiz tizimi tuprogning chuqur qatlam-
laridan namlikni o‘zlashtirish imkonini beradi. Natijada
T. terrestris uzoq davom etuvchi qurg‘oqchilik davrlarida
ham o°z vegetativ rivojlanishini saqlab qoladi.

Tadgiqotlar davomida Tribulus terrestris ning antropo-
gen ta’sirga nisbatan ham yuqori darajada chidamli ekanligi
kuzatildi. Yo‘l chetlari, chorva mollari muntazam
bogiladigan yaylovlar hamda buzilgan yer maydonlarida
ham ushbu turning populyatsiyalari saglanib golganligi
gayd etildi. Bu esa uning ekologik plastikligi yuqori
ekanligini ko‘rsatadi. [8, 13, 16]

Shuningdek, kuzatuvlar davomida T. terrestris asosan
yozning boshidan kuzning oxirigacha vegetatsiya davrini
davom ettirishi, mevalarining tikanli tuzilishi esa
urug‘larning hayvonlar, transport vositalari va inson faoli-
yati orgali uzoq masofalarga targalishiga xizmat qilishi




aniglandi. Mazkur biologik xususiyat turning tabiiy
arealining kengayishida muhim omil hisoblanadi.

Ekologik kuzatuvlar natijasida Tribulus terrestris ning
sho‘rlangan va degradatsiyaga uchragan tuproglarda ham
bargaror rivojlana olishi aniglandi. Shu sababli ushbu tur
degradatsiyaga uchragan ekotizimlarda bioindikator o‘sim-
lik sifatida ham ma’lum ilmiy qiziqish uyg‘otadi [8,13,16].

Muhokama. Olingan natijalar Tribulus terrestris L.
ning biologik va ekologik xususiyatlari bo‘yicha ilgari olib
borilgan tadgiqotlar natijalari bilan umumiy jihatdan mos
kelishini ko‘rsatdi. Xususan, o‘simlikning qurg‘oqchil va
sho‘rlangan hududlarga yuqori darajada moslashganligi,
kuchli ildiz tizimiga egaligi hamda vegetativ organlarining
kseromorf tuzilishi uning ekstremal ekologik sharoitlarda
muvaffaqiyatli rivojlanishini ta’minlaydi. Bu holat
Markaziy Osiyo va boshqa qurg‘oqchil mintaqalarda olib
borilgan ilmiy tadgiqotlar natijalari bilan ham tasdiglanadi.
[8, 13, 16-17]

Qoraqgalpog‘iston Respublikasining tabiiy-iqlim sharo-
itlari o‘simliklarning ekologik moslanish mexanizmlarini
shakllantirishda muhim rol o‘ynaydi. Tadqiqot davomida
aniqlangan biologik belgilar, jumladan yer bag‘irlab
o‘suvchi poya, mayda barglar va chuqur ildiz tizimi suv
tangisligi sharoitida yashovchanlikni oshiruvchi muhim
adaptiv xususiyatlar hisoblanadi. Ushbu belgilar tufayli
Tribulus terrestris tabiiy fitotsenozlarda bargaror popu-
lyatsiyalar hosil gilishi mumkin.

Tadgiqot natijalari Tribulus terrestris ning nafagat
ekologik jihatdan bargaror tur ekanligini, balki dorivor
o‘simlik sifatida iqtisodiy ahamiyati yuqori ekanligini ham
ko‘rsatadi. Ushbu turning tabiiy resurslarini ilmiy asosda
baholash, madaniylashtirish texnologiyalarini ishlab chigish
hamda farmatsevtika sanoatida kengroq qo‘llash istigbolli
ilmiy yo‘nalishlardan biri hisoblanadi. [3-6, 9-11] [3-6,
9-10]
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xilligini o‘rganishda hamda Qoraqalpog‘iston florasiga oid
ilmiy tadgiqotlarni rivojlantirishda nazariy va amaliy
ahamiyatga ega.

Xulosa. Tadgigot natijalari asosida quyidagi ilmiy
xulosalarga kelindi:

1. Qoraqalpog‘iston Respublikasining tabiiy-iglim
sharoitida Tribulus terrestris L. cho‘l va yarim cho‘l ekoti-
zimlarida keng tarqalgan, qurg‘oqchilik hamda tuproq
sho‘rlanishiga yuqori darajada moslashgan kserofit o‘simlik
turi ekanligi aniglandi. Turning tabiiy populyatsiyalari
asosan qumli, shag‘alli va antropogen ta’sirga uchragan
hududlarda uchrashi kuzatildi.

2. Tribulus terrestris ning biologik xususiyatlari,
jumladan rivojlangan o‘q ildiz tizimi, yer bag‘irlab o‘suvchi
shoxlangan poyasi, mayda patsimon barglari hamda tikanli
mevalari uning ekstremal ekologik sharoitlarga moslash-
ishini ta’minlovchi muhim adaptiv belgilar ekanligi
aniglandi.

3. Tadqiqot davomida o‘simlikning vegetatsiya davri,
gullash va mevalash xususiyatlari Qoraqalpog‘istonning
keskin kontinental iglim sharoitiga mos ravishda shakl-
lanishi hamda urug‘larning tikanli mevalar orqali keng
hududlarga targalishi turning tabiiy arealini kengaytirishda
muhim omil ekanligi asoslandi.

4.  Tribulus terrestris ning ekologik plastikligi yugori
bo‘lib, u tabiiy va antropogen omillar ta’sirida o‘zgargan
ekotizimlarda ham bargaror rivojlana olishi aniglandi. Bu
xususiyat ushbu turning degradatsiyaga uchragan hudud-
larni biologik baholash va monitoring gilishda indikator tur
sifatida foydalanish imkoniyatlarini ko‘rsatadi.

5. Tadgiqot natijalari Tribulus terrestris ning dorivor
va xo‘jalik ahamiyati yuqori bo‘lgan istigbolli o‘simlik
turlaridan  biri  ekanligini tasdigladi. Ushbu turdan
farmatsevtika sanoati, xalq tabobati hamda biologik faol
moddalarga asoslangan preparatlar ishlab chigarishda

Bundan tashqari, olingan natijalar biologiya va eko- samarali  foydalanish ~ mumkinligi  ilmiy jihatdan
logiya fanlarini o‘qitishda, dorivor o‘simliklar bioxilma-  asoslandi.
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FORAGE VALUE OF WILD RELATIVES OF CULTIVATED PLANTS
FROM THE FAMILY FABACEAE L. IN THE FLORA OF USTYURT
Almenova Gulbanu Polatbayevna — Doctoral student
Nukus State Pedagogical Institute named after Ajiniyaz

TasHy cy3nap: Magasnii YCUMIIMKIApHUHT EBBOHH axxpoanapH, ¢giopa, YCTopT.

Pe3rome. Maxkonana Ycriopt ¢uiopacumaru Fabaceae Lindl. ownacura mancy6 maganuit YCUMIMKIApHUHT EBBOWMH
XI0/UTApH Ba YJIAPHUHT O3yKAaBHH KMMMATH TaxXJMJ KAJIMHAIW. TaIkUKOT HaTIXKacuaa YCTIOPT (uopacuaard MamaHHi
YyeumnukiapHUHT EBBOWM ax-pomtapu 36 TypaaH ubopar OynamuO, Oy TypiapHHHT OapuacH MMHTaKalard XaiBOHIIap
TOMOHHJIAH OCOHJIMKYA MCTEhMOJI KIIMHUIIN aHUKIAHAW. Ypranuiras typnap (my sxymnanas, Alhagi L., Glycyrrhiza L.,
Ammodendron JI., Medicago L. Ba Astragalus L.nunr 6ab3u Typiapu) KyprFOKYHI 30HAHHHT dKCTpEMall MIApOHUTIAPUTa
HOE0 MOcCJanryBIapra 3ra 3KaHJINTY aHUKJIAHIH - FOKOPH KyPFOKUYIMIIMKKA YHIAMIIMIIMK Ba Ty3ra YHJaMITHIHK.

KaioueBble c10Ba: TMKOPACTYINE COPOIUYH KyJIBTYPHBIX PacTeHHH, (iopa, YcTiopT.

Pe3wome. B cTaThe MpoBeeH aHAN3 AUKHX COPOIMYEH KyJIbTYPHBIX pacTeHuil u3 cemeiictea Fabaceae Lindl. dmops
YcTropTa M X KOpMOBOE 3HaucHue. AHanu3 KoHcnekta mokasai, 4ro JICKP Berpeuaromiue B iope YeTopTa COCTOUT U3
36 BUOOB, U BBIABJICH, YTO BCC 3TH BUABI OXOTHO MOCAAIOTCA KUBOTHBIMU 3TOT0 PErvOHA. YCTaHOBHeHO, YTO U3YUCHHBIC
BUABI (BKIOYas mpexacraButeneit pomoB Alhagi L., Glycyrrhiza L., Ammodendron L., Medicago L. u HexoTpble BHABI
Astragalus L.) 00mafaloT yHUKaJIBHBIM KOMITIEKCOM aJaNTali K 3KCTPEMAJIbHBIM YCIOBHSAM APHIHON 30HBI — BBICOKOM
3aCyXO0YCTOHYMBOCTBIO M COJIEBBIHOCIUBOCTHIO.

Key words: wild relatives of cultivated plants, flora, Usturt Plateau.

Summary. This article analyzes wild relatives of cultivated plants from the Fabaceae Lindl. family in the Ustyurt flora
and their forage value. Analysis of the abstract revealed that the wild relatives of cultivated plants in the Ustyurt flora
consist of 36 species, and it was found that all of these species are readily consumed by animals in the region. It was
established that the studied species (including representatives of the genera Alhagi L., Glycyrrhiza L., Ammodendron L.,
Medicago L., and some species of Astragalus L.) possess a unique set of adaptations to the extreme conditions of the arid
zone — high drought resistance and salt tolerance.

BBenenne. Yceixanue ApanbCcKOTO MOpPS M yMEHbBIE-  IIPEACTaBIsieT cOO0M BO3BHIIIEHHOE IUIATO ¢ AOCOIIOTHBIMU
HUE CTOKa PeKH AMynapbU pEe3KO M3MEHWIM NpHpoAaHble  BhIcoTamHu 160-300 M Hax yp. M., OKaliMJIEHHOE CO BCeX
YCIIOBHSI, YTO BBI3BAJIO IOBBIIIEHUE YPOBHS MHMHEPAIM30-  CTOPOH OOpBIBAMH, TaK HA3bIBAEMbIMM YHHKAMH, HUMEIO-
BaHHBIX BOJ U IIOBTOPHOE 3aCOJICHHUE MOYB. oM BbeIcOTHI 190-256 M. Ha ceBepe OH rpaHU4YuT C

Hapymenue skocucremsl IIpuapanes TpeOyeT akTtuB- — [IpuKacnuiiCKON HU3MEHHOCTBIO, HA BOCTOKE ¢ ApajbCKUM
HBIX Me€p, HamnpaBJeHHBIX Ha YIy4IICHHE >KA3HEHHBIX  MOpEM, Ha IOr0-BOCTOKE M IOre-AeibTOH AMyHapbu U
ycnosuii Hacenenus Kapakannaxuu. M3syuenue coneyctoii-  CaphIKaMBIIICKON BIaJAWHON, Ha 3amame ¢ Kacmuidckum
YHBBIX U 3aCyXOYCTOMYMBEIX BUJOB PACTEHUH B 3THX yclI0-  MmopeM. OO6mas rwiomans ero-21,2 mid. ra. [ocrosHHbie
BUAX CTAHOBUTCS BECbMa aKTyasbHbIM. TpeOyeTcs TakkKe  BOJNOTOKHM-PEKH, PyYbM Ha YCTIOPTE OTCYTCTBYIOT, HO
pa3pabOoTKa TEOPETHYECKUX OCHOB YCTOHUMBOCTH PACTEHUH  MMEIOTCS CE30HHBIE (BPEMEHHBIE) JIOKOMHBI MOBEPXHOCT-
K OKCTpEMalbHbIM YyCjioBusM Ilpuapanbs, U3ydeHME MX  HOrO CTOK4, I[MTAKOIIMECS aTMOC(EPHBIMH OCAIKAMHU,
cpenaobpasyromedl poiu M pa3spaboTka Hay4dHBIX OCHOB  CKAIIMBAIOLUIMMHUCH B CAsAX MIIM MAJOMOIIHBIX pPYyYbsIX.
(uTomMenHoOpaliK B LEIAX AKTHBHOIO YJIYYIICHHS OKpY- ITouBel YcTiOpTa XapakTepU3yHOTCAd Majlold TyMYCHO-
JKAIOILCH CPeJIBI. . CTBIO, 3HAUMTEIHbHOW KapOOHATHOCTHIO (yObIBaromeH c

H3yquHe“K0pMOBHX yroanu XMBOTHOBONCTBA ABIACT-  rjyGuUHOM), TUNCOHOCHOCTBIO M PAa3iIMYHON CTENEHBIO
i1 aKTyalIbHON M HMCCT BBICOKYIO MPAKTHICCKYIO HEHHOCTE 53¢ nennocTn nerkopactBopumbiMu consiMi.  ['pyHTOBBIE
JULA CENLCKOTO XO3AHCTBA, IKOMOTHH U CENEKIMA PACTEHHI 511 33 erasor HermyGoko (3-5 M).

Yeriopra (0COOEHHO B YCIOBHUSX MEHSIOIIET0Cs KIMMaTa ToseBas BIArOEMKOCTb 5THX 10uB 19-20%, MepTBBI

ONYCTHIHMBAHUS). J[MKOpacTymue coponndy KyJIbTYPHBIX

pacrennit (JJCKP) cemeiictBa boGoBeie (Fabaceae L.) Ha Janac raru B BeP XHEM TIOTyMETPOBOM TOPH3OHTE panci
5-8%. C riryOuHOIi BOseBasi BIaroeMKOCTh HECKOJIBKO YBe-

mIaTo YCTIOPT 00JIafaloT YHHKAIBHON yCTOHYMBOCTBIO K 0
mmyuBaetcs (1o 23-25%) M pe3ko BO3pacTaeT KOJIMYECTBO

3aCyXe M 3acCOJICHHIO, SIBJISSICh LIEHHBIM TE€HETUYECKUM b
pesepBoM HeycBosieMo#t Biarm (mo 11-12%) 3a cdeT MOBBIIEHHOTO
co/iepKaHUs JIETKOPACTBOPUMBIX cojiel M rumca. Jlerkue

OO0beKTBI M METOAbI HMCCJAEAOBAHHSA. YCTIOPT
pactonoxken Mex1y Kacrmiickum u Apanbckum Mopamu — CYTVIMHKH M CYNECH PaCIpOCTPAHEHbI TOJNBKO HA 10XKHOH

(B mpe genax 45°50 u 41°21 c. . u 53°25 u 5000 B. x.), OKpauHC Yeriopra [1].
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YCTIOpT TpencTaBisieT cCo0OM  TepPUTOPHIO, BeChMa
BOXHYI0 B HapOJHO-XO3SMCTBEHHOM OTHomeHuu. Emie
HETaBHO OH SBJISUICS JIWIIG OOIIMPHBIM, XOTS W MaJIOOCBO-
€HHBIM TacTOWIIHBIM MaccuBoM. Celgac TaMm YCIEUIHO
BEIyTCs MOWCKH HE(TH W ra3a, yepe3 Hero IPONIOKEHBI
ra3olpoBO H BOJOIPOBOJ, JKEJIE3HOJOPOXHAS CETh,
KOTOpas CBA3BIBAET C LIEHTPAJILHBIMU palilOHaMH CTPaHBbI.

W3yyeHne pa3inu4HBIX THIIOB MAacTOMI, MX ypOKaiHO-
CTH, CE30HHOCTH, BBISIBIICHHE KOPMOBBIX CBOWMCTB OTHAENb-
HBIX pAacTEHUH SBJISIETCA OCHOBOM A palMoOHAIbHOTIO
UCTIONB30BaHUs IIaTO YCTIOPT, KOTOPOE MO NPHPOIHBIM
YCJIOBHUSIM MOJXKET OBITh NPEBPAILICHO B MEPCHEKTUBHYIO B
XO3AHCTBEHHOM OTHOWICHWH 00nacTh. B mepByro ouepens
9TO KacaeTcs JKHBOTHOBOJICTBA.

JuxopacTtyuue copoauuu KyJabTypHBIX PaCTEHUH — 3TO
©CTECTBEHHBII TeHO(QOHM, OTKyla YeIOBEYECTBO MOCTOSH-
HO dYepraeT W OyIeT depnaTh WCXOMHBIH MaTepHasl IS
CeNIeKIUU. JTOT TeHO(OH] MOCTOSHHUE HE TOJBKO OIHOU
Ballleil CTpaHbl, HO U YEJIOBEUECTBA BCEH IJIAHEThI. Y YEHBIM
JIaBHO U3BECTHO, YTO KaXKJbIl BUJ «HETIOBTOPUMBIN 3KCIIE-
PHMEHT IPUPOJBD», XpAaHUTENb TeHO(pOoHa 1 UH(OopMaLus
¢unoreHeTnyeckoro pa3Butus. Ero BeIMHpaHue HEBO3Me-
CTHMas yTparta.

loBopss 0 pacTeHHAX IUIATO YCTIOPT, HENB3S HE
YHOOMSHYTB O COCTOSHHH (DIOPHCTHYECKON H3YYCHHOCTH
VYceropra B memom. ®Pnopa  YcTopra Obuta  m3ydeHa
EIlL.KopomaeiMm wu  W.M.  I'parmtoBeM  (1949),
H.IT.AreeBoii u A.C.Comomuenko (1961), II.M.Koran
(1964), O.H.bornapenko (1964), K.Koitdarapossmm (1972),
O.H.Koposunoit u np. Ilo manaeim b.CapsibacBa B 3TOM
peruoHe mpouspacrtaioT 724 Buja pacTCHHA, OTHOCSIIIUXCS
K 295 pomam u BXxoaammx 59 cemeicTB. A Takxke ciexyer
yIOMSHYTh Tpyasl A.b.AxueBa, KOTOpBIH BHEC OOIBIION
BKJIaJ B MU3YYEHUS TUKOPACTYIIUX COPOANYEH KYIbTYPHBIX
pactenuii aToro pervona [2, 3, 4, 5, 6].

OmHa W3 BaXHBIX OOTAaHWYECKHX 3a/a4y, KOTOPYIO
MOXXHO peIIaTh B HACTOAIICE BPEMsS — 3TO BBIACHCHHE
BHZOBOTO cOCTaBa (DIIOPHI PETHOHA M3YYCHHE XO3SIHCTBECH-
HbIX 3HaYEHUI pacTeHU.

PesyabsTaTel  uccaegoBaHus. [lo  swmTepaTypHBIM
AaHHBIM, Hamu ObUTH 3adukcupoBansl 36 BumoB JCKP,
BcTpeuaromuxcs Ha YcTiopre (Tabn. 1). OTu pacteHust
SIBIISIIOTCSL HE TOJBKO 3aCyXO- M COJIEYCTOMYMBBIMH, HO U
SIBIISIFOTCS] KOPMOBBIMH YTOJBSIMH JJIS1 MHOTHX TPaBOSIHBIX
KUBOTHBIX.

Tabnuya 1. KopmoBoe 3HaYeHHe BHIOB JIHKOPACTY-
IHX copoAWYell KYyJIbTYPHBIX pacTeHHMil ceMmeiicTBa
Fabaceae L. ¢iopsl YeTiopTa

Ne [ Buabl
1 Ammothamnus lehmannii Bunge
2 |Alhagi persarum Boiss. & Buhse
3 [|Alhagi pseudalhagi (M.Bieb.) Desv. ex Shap.
4 |Ammodendron bifolium (Pall.) Yakovlev
5 |Ammodendron karelinii Fisch. & C.A.Mey.
6 |Astragalus amarus Pall.
7 |Astragalus ammophilus Kar. & Kir.
8 |Astragalus ammodendron Bunge
9 |Astragalus ankylotus Fisch. & C.A.Mey.
10 |Astragalus bakaliensis Bunge
11 |Astragalus brachylobus DC.
12 |Astragalus chiwensis Bunge
13 |Astragalus commixtus Bunge
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14 |Astragalus cornu-bovis Lipsky

15 |Astragalus erioceras Fisch. & C.A.Mey.

16 |Astragalus harpilobus Boiss.

17 |Astragalus lasiophyllus Ledeb.

18 |Astragalus leiophysa Bunge

19 |Astragalus oxyglottis Steven ex M.Bieb.

20 |Astragalus physodes L.

21 |Astragalus scabrisetus Bong.

22 |Astragalus villosissimus Bunge

23 |Astragalus xanthoxiphidium Freyn & Sint.

24 |Caragana grandiflora DC.

25 [Eversmannia subspinosa (Fisch. ex DC.) B.Fedtsch.

26 |Eremosparton aphyllum Fisch. & C.A.Mey.

27 Halimodendron halodendron (Pall.) Druce

28 |Glycyrrhiza aspera Pall.

29 |Glycyrrhiza glabra L.

30 [Medicago sativa L.

31 [Melilotus albus Medik.

32 [Melilotus officinalis Pall.

33 |Meristotropis triphylla Fisch. & C.A.Mey.

34 |Sphaerophysa salsula (Pall.) DC.

35 [Trigonella arcuata C.A.Mey.

36 [Trigonella geminiflora Bunge

\Bcezo

Hcxonst n3 Tabnumpl cienyeT OTMETHTh, YTO Bee 3adHK-
CHPOBAHHBIC BUABI OTHOCATCS K YHCITY Ba)KHEHIINX KOPMO-
BBIX PAcTCHHH M OXOTHO TOEJAIOTCSl BCEMH BHIAMH CKOTa
BO Bcex (pazax pa3BUTH.

[TpeacTaBuTeny 3TOrO ceMeicTBa MO CBOMM NMUTATEINb-
HBIM Ka4eCTBaM HE yCTYNAalOT APYTUX CEMEHCTB, MOJOAbIE
JIMCTOYKH, 3 MHOT/Ia ¥ OOETH XOPOLIO MOEJal0TCs OBLAMH.

Ecnmu pa3nenuts 3TH pacTeHHs IO Ce30HaM IOoeIaeMo-
CTH CleIyeT OTMETHTh, YTO OJHOJETHHE TPaBbl XOPOIIO
[OEAal0TCd BECHOM 3a CYET KOPOTKOIO BEreTallMOHHOIO
nepuosa.

[To 3aHMMaeMol IUIOMIaAM Ha TEPBOM MECTE CTOST
Buzel poxa Alhagi L., Glycyrrhiza L., Ammodendron L.,
Medicago L. u mexotopsie Buabl Astragalus L. Otu 3acy-
XOYCTOHUYHMBBIC BHJIBI BCTPEUAIOTCS MOYTH BE37€ Ha IUIATO
Yctiopre.

3akJaioueHne. B pesynpraTe NpoOBEAEHHOTO HCCIIENO-
BaHUs (UIOPHI JIaTO Y CTIOPT BBISBJICH U MPOAHAIN3UPOBAH
BHZIOBOM COCTaB AWKOPACTYIIHX COPOAWYEH KyJIbTYPHBIX
pactennii (JJCKP) cemeilictBa boGoBbie. YcTaHOBIIEHO, UTO
W3yYeHHble BHIBl (BKIIOYAs TMPEACTAaBUTENCH pPOAOB
Alhagi L., Glycyrrhiza L., Ammodendron L., Medicago L. u
HekoTopele Buasl Astragalus L.) oGmamaroT yHHKaIbHBIM
KOMIUIEKCOM afanTaluii K 3KCTPEMalbHBIM YCIOBUSAM
apUJHON 30HEI BBICOKOM 3aCyXOyCTOHUUBOCTBIO U
COJIEBBIHOCIIMBOCTBIO.

IInato VYcTIOpT OTHOCUTCS K YHCIY Ba)KHEHIINX
CEJIbCKOXO35IICTBEHHBIX paiioHoB CpenHeill Asum, rae
OTIPENIeNAIONIEH OTpPAcibl0  ABISAETCA KHUBOTHOBOJCTBO.
Xo3s#icTBa 3/1eCh pacIoyiaraloT OOMIMPHBIME IUTONIASIMHU
pa3HOOOpa3HBIX TUIOB KOPMOBBIX YTOAWH, YTO HO3BOJISET
KPYTJIOTOIUYHO COAepkaTh CKOT. OCHOBHBIE JTOCTOMHCTBA
MIPUPOIHBIX KOPMOBBIX YTOIUH - pa3HOOOpa3HBIH BHUIOBOU
cocTaB TpaB ¢ HAOOPOM BCEX 3JIEMEHTOB, HEOOXOAMMBIX
JUIl MUTAHUS SKUBOTHBIX. [103TOMy HM3y4eHUIO €CTECTBEH-
HBIX KOPMOBBIX YrOJWH, UX XO3SHCTBEHHOH NPOU3BOAM-
TENbHOCTH, BOIPOCAM PALOHAIBHOTO HCHOIb30BAHUS U
yIIydIIeHus yaenseTcs 0onbiioe BHUManue [4].
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Tayanch so‘zlar: suv, atrof-muhit, ichimlik suv, kimyoviy tarkibi, ammiak, sulfat, minerallanish, xlorid, nitrat, aholi,
inson, ihtiyoj, ogilona, me’yor, qizilmiya ildizi, korxona, texnologiya, oqova suv.

Rezyume. Magolada ogova suv tozalash inshootiga kelib tushadigan sanoat oqova suvlarining kimyoviy tarkibi, asosiy
ifloslantiruvchi komponentlarning kimyoviy migdori va undagi zararli moddalar konsentratsiyasining belgilangan normativ
miqdorga nisbatan fargi,ularni aniglash usullari hamda atrof-muhitga ta’sirini mintagadagi mavjud bo‘lgan Qizilmiya
ildizini gayta ishlash korxonasi oqova suvining misolida tahlil gilingan. Tadgigot natijalari sanoat ogova suvlarini baholash
va tozalash texnologiyalarini takomillashtirishda amaliy ahamiyatga ega.

KiaroueBble cioBa: BOJa, OKpYyKaromas cpeJa, NuTbEeBasg BOJaA, XHUMHAYECKUH CcoCTaB, aMMMHaAK, cynb(baT,
MUHEpAJIn3alud, XJIOpU[d, HUTpAT, HACCJIICHUEC, YCIOBCK, HOTpe6HOCTL, paSYMHbIﬁ, HOpMa, COHOHKOBBIﬁ KOpPCHb,
NpeanpuruATUC, TCXHOJIOIU, CTOYHBIC BOJBI.

Pe3rome. B craTthe AHAJIU3UPYCTCA XHUMHYECKHH COCTaB IMPOMBIINIJICHHBIX CTOYHBIX BOJ, MOCTYMAKONIUX HA OYHCTHBIC
COOPYIKCHHA, XUMHNYCCKOC COACPIKAHMWE OCHOBHBLIX 3arpsA3HAIOIINX KOMIIOHCHTOB W pa3HHWIa KOHUHCHTPAUWW BPEAHBIX
BCLICCTB B HUX IO CPABHCHHUIO C YCTAHOBJICHHBIM HOPMATHUBHBIM 3HAYCHUEM, MCTOAbI UX ONPEACICHUS, a TAKIKC BINAHUC
Ha OKPYXAIOUIyI0 Cpely Ha MPUMEpPE CTOYHBIX BOJ CYNIECTBYIOIIETO B PErHOHE MPEINPUATHS MO NepepaboTKe KOpHS
COJIOOKH. Pe3yJ'II:-TaTI:-I HCCIIEAOBAHUA HUMCIOT MPAKTUYCCKOC 3HAUCHHUC MJIsI COBCPIICHCTBOBAHUA TEXHOJIOTUH OLICHKH U
OYHMCTKU MPOMBIINIJICHHBIX CTOYHBIX BOJ.

Key words: water, environment, drinking water, chemical composition, ammonia, sulfate, mineralization, chloride,
nitrate, population, human, need, reasonable, norm, licorice root, enterprise, technology, wastewater.

Summary. The article analyzes the chemical composition of industrial wastewater entering treatment plants, the
chemical content of the main pollutant components and the difference in harmful substance concentrations within them
compared to the established regulatory value, methods for their determination, as well as their environmental impact using
the wastewater of the region's existing licorice root processing enterprise as an example. The research results are of
practical importance for improving technologies for the assessment and treatment of industrial wastewater.

Kirish. Sanoatning jadal rivojlanishi natijasida atrof-  kanalizatsiya tarmoglariga sanoat ogava suvlari ogizishdagi
muhitga chigarilayotgan oqova suvlar miqgdori ortib ifloslantiruvchi moddalarning ruxsat etilgan maksimal
bormoqda. Sanoat korxonalarining ogava suvlari tabiiy suv  konsentratsiyasi me’yori tasdiqlangan, unga muvofiq

resurslarining asosiy ifloslantiruvchi manbai hisoblanadi. ammoniy azoti ko‘rsatgichining ruxsat etilgan maksimal
Ularning kimyoviy tarkibi tabiiy suv manbalariga salbiy ~ konsentratsiyasi 1 mg/dm?® migdorda belgilangan [13].
ta’sir ko‘rsatib, ekologik muvozanatni buzishi mumkin. Sanoat oqova suvlari kimyo, metallurgiya, neft-gaz,

Aynigsa, ozig-ovgat va fitoximiya sanoatida ishlab  to‘qimachilik va oziq-ovgat sanoati korxonalari faoliyati
chigarish jarayonida organik va mineral moddalarga boy natijasida hosil bo‘ladi.Ishlab  chigarishdan so‘ng
ogava suvlar shakllanadi. chigadigan, kimyoviy moddalar bilan zararlangan suvlar,
O‘zbekiston Respublikasi Vazirlar Mahkamasining  kanalizatsiya suvlari bir necha tozalash bosgichlarini talab
2018-yil 11-oktyabrdagi 820-son Qarori 1-ilovasida shahar  etadi.
e —— 3 6
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Sanoat oqova suvlarining tozalanmasdan tabiatga
chiqarib tashlanishi ekologik ingirozni kuchaytirishga, suv
ekotizimlarida kislorod tanqisligi, biotsenozlar buzilishiga

va inson salomatligi uchun xavfli holatlarni keltirib
chigarib, atrof-muhitga salbiy ta’sir ko‘rsatishi mumkin.
Atrof-muhitning  ifloslanishi esa ayrim  kimyoviy

elementlarning organizmda akkumulyatsiyasiga olib kelishi
mumkin. Orol bo‘yi hududidagi o‘simlik xomashyosini
gayta ishlash korxonalari suv resurslariga sezilarli ekologik
bosim ko‘rsatmoqda. Shunga bog‘lik hududdagi gizilmiya
ildizini gayta ishlash korxonalarida suvning minerallanishi,
azotli birikmalar, sulfatlar, xloridlar, organik moddalar va
temirning yuqori konsentratsiyasi kuzatiladi.

Mavzuga oid adabiyotlar sharhi.Ogova suvlarni
tozalash, suv resurslarini muhofaza qilish hamda ekologik
xavfsizlikni ta’minlash bugungi kunda dolzarb ilmiy-amaliy
masalalardan biri hisoblanadi. Ushbu yo‘nalishda olib
borilgan tadgiqotlar va yaratilgan ilmiy manbalar oqova
suvlarni samarali tozalash texnologiyalarini takomil-
lashtirishga xizmat gilmoqda.

N.Abdullayev tomonidan yaratilgan “Qishloq xo‘jaligi
va sanoat chiqindilarining suv resurslariga ta’siri” nomli
asarda qishloq xo‘jaligi va sanoat Kkorxonalaridan
chigadigan ifloslantiruvchi moddalar suv havzalarining
ekologik holatiga salbiy ta’sir ko‘rsatishi batafsil yoritilgan.
Muallif suv resurslarining ifloslanish manbalari, ularning
atrof-muhit va inson salomatligiga ta’siri hamda suvlarni
muhofaza gilishning ilmiy asoslarini tahlil gilgan. Ushbu
manba suv resurslarini boshgarish va ekologik monitoring
masalalarini o‘rganishda muhim nazariy asos bo‘lib xizmat
giladi [1].

APHA  (American Public Health  Association)
tomonidan nashr etilgan “Standard Methods for the
Examination of Water and Wastewater” qo‘llanmasi suv va
ogova suvlarning fizik-kimyoviy hamda mikrobiologik
ko‘rsatkichlarini aniqlashning xalqaro standart usullarini
0z ichiga oladi. Ushbu manba suv sifatini baholashda eng
ishonchli va keng qo‘llaniladigan metodik qo‘llanmalardan
biri hisoblanadi. Tadgigotlarda suv tarkibidagi organik va
noorganik moddalarni aniglash, biologik kislorod sarfi,
kimyoviy kislorod sarfi hamda boshqa ko‘rsatkichlarni
baholashda mazkur qo‘llanmadan keng foydalaniladi [2].

M.N.Abdukadirova, M.V.Radkevich va K.B.Shipilova
tomonidan tayyorlangan ‘“Kananu3sarus ¥ 04uCTKa CTOYHHX
Box” o‘quv qo‘llanmasida oqova suvlarni yig‘ish, transport
gilish va tozalash texnologiyalari yoritilgan. Asarda
mexanik, kimyoviy, fizik-kimyoviy hamda biologik
tozalash usullarining afzallik va kamchiliklari ilmiy
jihatdan tahlil gilingan. Mualliflar zamonaviy kanalizatsiya
tizimlarining ishlash prinsiplari va ogqova suvlarni gayta
ishlash istigbollariga alohida e’tibor qaratganlar [3].

Jahon sog‘ligni saqlash tashkiloti (WHO) tomonidan
chop etilgan “Guidelines for Drinking-water Quality”
qgo‘llanmasida ichimlik suvining xavfsizligini ta’minlash
bo‘yicha xalqaro talablar va me’yorlar belgilangan. Mazkur
hujjat suv tarkibidagi biologik, kimyoviy va radiologik
ifloslantiruvchi moddalar uchun ruxsat etilgan chegaraviy
konsentratsiyalarni o°‘z ichiga oladi. Ushbu ko‘rsatmalar
dunyoning ko‘plab mamlakatlarida ichimlik suvi sifatini
nazorat qilishning asosiy mezoni sifatida qo‘llaniladi [4].

M.N.Abdukadirova va  B.Sh.Ismoilxodjayevlarning
“Oqova suvlarni biologik tozalash” nomli monografiyasida
mikroorganizmlar yordamida suv tarkibidagi organik
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ifloslantiruvchi moddalarni parchalanish jarayonlari chuqur
o‘rganilgan. Mualliflar faol loyqa, biofiltrlar va aerob
hamda anaerob biologik tozalash usullarining samarador-
ligini ilmiy asosda yoritganlar. Tadgigot natijalari biologik
tozalash texnologiyalarini takomillashtirish va ekologik
xavfsizlikni oshirishda muhim ahamiyatga ega [5].

D.A.Azimovaning adsorbentlar  asosida  suvlarni
tozalashga bag‘ishlangan tadgiqotlarida bentonit va defekat
asosidagi sorbentlarning og‘ir metallarni adsorbsiyalash
xususiyatlari o‘rganilgan. Tadqiqot natijalari tabiiy va
mahalliy xomashyolardan foydalanish orgali suvlarni
tozalash samaradorligini oshirish mumkinligini ko‘rsatadi.
Aynigsa, sanoat oqova suvlaridan og‘ir metall ionlarini
ajratib olishda adsorbsiya usulining yuqori samaradorligi
ilmiy jihatdan asoslab berilgan [6].

Tahlil qilingan adabiyotlar shuni ko‘rsatadiki, oqova
suvlarni tozalashning mexanik, kimyoviy, biologik va
adsorbsion usullari bir-birini to‘ldiruvchi texnologiyalar
hisoblanadi. Zamonaviy tadgiqotlarda ushbu usullarni
kompleks qo‘llash orqali suvni tozalash samaradorligini
oshirish, atrof-muhitni muhofaza gilish hamda aholini
sifatli ichimlik suvi bilan ta’minlash masalalariga alohida
e’tibor qaratilmoqda. Shu sababli oqova suvlarni tozalash
texnologiyalarini  yanada takomillashtirish va yangi
samarali sorbentlar yaratish istigbolli ilmiy yo‘nalishlardan
biri bo‘lib qolmoqda.

Tatgigod metodologiyasi. Bizga ma’lumki, maishiy-
kommunal va qishloq xo‘jalik maxsulotlarini qayta ishlash
korxonalaridan chiqadigan oqova suvlarning tarkibida ko‘p
miqdorda organik-mineral moddalar va har xil kasallik
tarqatuvchi patogen bakteriyalar mavjud bo‘ladi. Masalan,
maishiy-kommunal oqova suvlarning tarkibi asosan organik
moddalardan iborat bo‘lib, organik moddalar mikro-
organizmlar ta’sirida parchalanib, mineral moddalarga
aylanadi, ya’ni mineralizatsiya jarayoni sodir bo‘ladi [1].

Materiallar va metodika. Bizga ma’lumki, maishiy-
kommunal va qishloq xo‘jalik maxsulotlarini qayta ishlash
korxonalaridan chiqadigan oqova suvlarning tarkibida ko‘p
migdorda organik-mineral moddalar va har xil kasallik
tarqatuvchi patogen bakteriyalar mavjud bo‘ladi. Masalan,
maishiy-kommunal oqova suvlarning tarkibi asosan organik
moddalardan iborat bo‘lib, organik moddalar mikro-
organizmlar ta’sirida parchalanib, mineral moddalarga
aylanadi, ya’ni mineralizatsiya jarayoni sodir bo‘ladi [1].

Iimiy manbalarda sanoat ogava suvlarida ammoniy
azoti, nitrit, nitratlar, xloridlar, sulfatlar kabi mineral
komponentlar,  shuningdek,  organik  moddalarning
ya’nibiokimyoviy kislorodga bo‘lgan talab (BPK) va
kimyoviy kislorod sarfi (KXQ)yuqori bo‘lishi asosiy
ekologik muammo sifatida gayd etilgan. Ozig-ovgat va
dorivor o‘simlik xomashyosi qayta ishlash korxonalarida
organik moddalarning buzilishi ogibatida BPK va KXQ
yuqori bo‘ladi. Temir kabi metalllarning suvda ko‘payishi
ishlab chigarishdagi metall qurilmalar Kkorroziyasi bilan
bog‘liq [2-4].

Jahon sog‘likni saqlash tashkilotining ma’lumotlariga
ko‘ra, har yili tarkibida 13000 dan ortiq turli moddalar va
elementlar tutgan 450 mird.m® maishiy va sanoat
korxonalari ogova suvlari turli suv havzalariga tashlanadi.
Insonlarning farovon yashashlari uchun  turli hil
mahsulotlarga ehtiyojlari ortayotgan bir paytda ularni ishlab
chigarishga ishlatilayotgan suvning ham miqdori ortmoqda.
So‘nggi yillarda suv zahiralari soat sayin kamayib




borayotgan bir paytda ogava suvlarni tozalab, tabiatga zarar
yetkazmaslik, ularni qishloq xo‘jaligiga ishlatish dolzarb
masala.Shu  sababli, bu chigindilarni  utilizatsiya,
regeneratsiya qilish uchun adsorbent, reagentlar ishlab
chigarish orqgali ekologik va igtisodiy muammoni yechish
muhim ahamiyatga ega. Jahonda sanoat chigindi suvlarini
tozalash, ularni ishlab chiqarish sikliga qaytarish bo‘yicha
ilmiy va amaliy tadgiqotlar olib borilmoqda [4].

Respublikada yangi materiallar, shu jumladan maxalliy
xomashyolar asosida adsorbentlar bilan biosorbentlar olish
va sanoat oqava suvlarini ular yordamida tozalash bo‘yicha
bir gator ilmiy va amaliy natijalarga erishilmoqda. Suv
o‘tlapi va mikroorganizmlarning biosorbsion xususiyatlari
bilan bog‘liq holda og‘ip metallap va ulapning konsen-
tratsiyasini aniglash yoki ajpatishda mikroorganizmlar
biomassaslaridan ham foydalanish asosida tadgigot
natijalari bayon etiladi [5-11].

Adabiyotlarda suvni tahlil gilishda fotokolorimetriya,
titrimetriya, spektrofotometriya va gravimetriya kabi
standart usullar tavsiya etiladi. Xalqaro me’yorlarga ko‘ra
BPK va KXQ suv sifati bahosining asosiy mezoni
hisoblanadi [12].

Tadgigot obyekti sifatida respublikamizda qizilmiya
ildizini gayta ishlash korxonasidan chiquvchi texnologik
ogava suvlarining bir yil mobaynidagi kimyoviy tarkibi
o‘rganildi.Bunda asosan: minerallanish jarayoni, xloridlar,
sulfatlar, ammoniy azoti, nitritlar, nitratlar, og‘ir metallar,
BPK va KXQ kabi asosiy ifloslantiruvchi component-
larning oylar kesimida o‘zgarishi aniglanib, tahlil gilindi.
Tadgigotda suv namunalari laboratoriya sharoitida standart
analitik usullar yordamida o‘rganildi.

Tahlil va natijalar. Qizilmiya ildizini gayta ishlash
korxonasi ogova suvining 2025-yil mobaynida me’yoridan
ortiqcha zararli ogova suvlari kanalizatsiya tarmoglariga
tashlagan davridagi oqova suvningkimyoviy ko ‘rsatgichlari
1-jadvalga keltirildi.

1-jadval. Qizilmiya ildizini gqayta ishlash korxonasi-
ning chiqgindi oqova suvining 2025-yil buyicha kimyoviy
ko‘rsatkichlari
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Kimyoviy ko‘rsatkichlari ( mg/dm?)

Azot miqdori

Oylar

miqdori
khq
bpk-5
xloridlar
sulfatlar

erigan kislorod
Ammoniy
Nitrit
Nitrat
jelezo
minerallanish

namuna miqdori

1500 - | - |15|/350|100| 1 |0,2| 9,1 {0,03|2000

PDK 11.10.2018
820-SONVMQ

o

=]
S
@

960 1,9 | 96 |29|1960|{1800| 60 (0,46(45,9|0,05|18600

iyun (313 3,0 | 51 |14| 718 [1022| 16 |1,30|29,0|0,03| 4210

iyul (243 1,9 | 71 |19 420 |1140{19,4|0,96|17,1|0,03 | 4200

avgust (218 1,9 | 54 | 13| 411 |1040| 16,7 (0,87 16,1| 0,03 | 4100

sentabr [243| 1,9 | 51 |14 420 | 840 | 5,2 |0,31{17,10| 0,02 | 3200

noyabr {486 2,2 | 90 |23| 790 | 124 | 5,5 |0,07|15,4|0,04 | 4400

Olingan natijalarni tahlil gilganimizda, aprel oyidan
boshlab noyabr oyigacha sanoat korxonadan chigayotgan
ogova suv tarkibidagi ammoniy azoti ko‘rsatgichi kamayib
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borishi kuzatildi, ya’ni bu ko‘rsatgich aprelda 60 mg/dm3
miqdorga teng bo‘lib, belgilangan normadan 60 marta ortiq,
golgan oylarda mos ravishda iyunda 16 marta, iyulda 19,4
marta, avgustda 16,7 marta, sentyabrda 5,2 marta, noyabrda
5,5 marta ortig bo‘lgan ifloslantiruvchi ogova suvlarni
kanalizatsiya tarmoglariga tashlangan. Yugoridagi jadval
bo‘yicha ammoniy azoti ko‘rsatgichi diagramma ko ‘rinishi
1-rasmda keltirilgan.
Ammoniy azoti

60 EEE Me'yor 1 mg/dm?®
Tahlil natijasi

50 4
40
30 4

201

10+

T
Avgust

¥
Sentabr

Noyabr

0 —

Ap‘rel lyun thl

1-rasm. Qizilmiya ildizini gayta ishlash korxonasi
oqova suvining ammoniy azoti ko ‘rsatgichi diagrammasi
(2025y.)

Nitrat ko‘rsatkichi ruxsat etilgan 9,1 mg/dm® maksimal
konsentratsiyadan aprelda 5,0 marta, iyulda 1,87 marta,
noyabrda 1,69 marta ortiq. Azotli birikmalarning mavjud-
ligi biologik parchalanish jarayonining sekin kechayotgani-
dan dalolat beradi (2-rasm).

Nitratlar

mm Me'yor 9,1 mg/dm?

Tahlil natijasi
40 4

30 +

204

Aprel Iyun Iyul

Azotli birikmalarda (ammoniy, nitrit, nitrat) vodorod-
lashgan organik moddalarning biodegradatsiyasi sekin
kechayotganini ko‘rsatadi.

Sulfat ko‘rsatgichi ruxsat etilgan maksimal konsen-
tratsiyadan aprelda 1700 mg/dm® ga ortiq (1800 mg/dm®-
100 mg/dm?), iyulda 1040 mg/dm® ga va sentyabrda 740
mg/dm? ga ortiq ekanligini ko‘rish mumkin (3-rasm).

Tadqiqot natijalariga ko‘ra: minerallanish me’yoriy
giymatlardan ancha yuqori,BPK va KXQ ko‘rsatkichlari
yuqori bo‘lishi, bu korxona oqava suvlarining organik
moddalarga boy ekanligini ko‘rsatadi. Ushbu sababdan bu
suvlarni, qo‘shimcha  biologik  tozalash  zarurligi,
shuningdek temirning me’yordan oshib ketishi texno-
logiyadagi metall qurilmalarni muhofaza qilish zaruratini
ko‘rsatadi.

Xulosa. Sanoat ogava suvlarida kimyoviy birikmalar-
ning me’yordan yuqori konsentratsiyada bo‘lishi shahar
maishiy-kommunal oqova suvlarni tozalashga ixtisoslash-
gan ogova suv tozalash inshootlaridagi qurilmalarning
muddatidan oldin eskirishi va ishdan chigish hamdaoqova
suv tozalash inshootining ishlash samaradorligiga oz

10

o
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ta’sirini ko‘rsatadi. Natijada suv resurslarining ifloslanishi  tozalash inshootida o‘tkazgandan so‘nggina, zararsizlangan
va buzilishiga suvda xar xil organik, noorganik, mexanik, holatda kanalizatsiya quvurlariga tashlanishi shart.

bakteriologik va boshqa moddalar to‘planib, uning rangi Bu ma’lumotlar sanoat korxonalarining atrof — muhitga
tinigligi, hidi va mazasi organik va mineral qo‘shimchalar  ta’sirini baholash, hamda tozalash inshoatlarini optimal-
miqdori ortishiga olib keladi. lashtirish uchun muhim ahamiyatga ega, bunnan tashqari

Ogava suvlar tarkibini muntazam monitoring gilish  korxona faoliyatining ekologik monitoringi uchun zarur
ekologik va sanitar talablarni ta’minlash uchun muhimdir.  hisoblanadi. Ushbu oddiy qoidalarga rioya etish atrof-
Ishlab chigaruvchi korxonalar zararli kimyoviy moddalar, = muhitni toza saqlash, insonning bebaho boyligi sog‘ligini
buyoq bilan ifloslantirilgan oqgava suvlarni birlamchi  asrashda asosiy vazifamiz hisoblanadi.
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®OPMHUPOBAHUE T'MIPOPUITILHON PACTUTEJILHOCTH
B HEKOTOPBIX BOJIOEMAX IO KHOT'O TIPUAPAJIbS
BexrypcsiHoB Ackap BexdaynueBud — accucmenm npenooasameins
a.bektursinov@ndpi.uz
Hyxycckuii eocyoapcmeennulii nedazoeuieckuii UHCmumym umenu Axcunusasa

JKAHYBUM OPOJIBYIU AMPUM CYB XAB3AJIAPUJIA TUJIPOT'EJI
VYCUMJIMKJIAPUHUHT INAKJIJTAHUIIHA
BexkrypcunoB Ackap bex0ayameBu4 — accucmenm yKumyeuu
Aorcunués nomuoazu Hykyc dasnam neoazocuxa uHCmMumymu

FORMATION OF HYDROPHILIC VEGETATION IN SOME RESERVOIRS
OF THE SOUTHERN ARAL SEA REGION
Bektursinov Askar Bekbauliyevich — assistant teacher
Nukus State Pedagogical Institute named after Ajiniyaz

Tasinu cy3map: rugpodmn yeumimkiap, Kanyouwit Oponoyiin, MyiiHok kynaruru, CapOac, Ilerexyn, Kykcys,
THIPOPEKHM, IOKCAK CYB YCUMIIMKIIAPH, YPYT, PAECT.

Pe3tome. XKanyouit Oponoyitununr aiipum cyB xaB3anmapuga (MyiiHok kyiaruru, Capbac, [lerexyn, Kykcys) 2009-
2024 wunnap naBomMuga OEKapop THUAPOPEKHUM LIAPOUTHAA THUAPOGHI YCHUMIIMKIAPHUHI LIAKIUIAHWIIH, IOKCAK CYB
YCUMITKIIapW TMHAMUKACUHM YpraHum Oyiindya Tagkukoriap onub Oopuiamu. HoTypryH TMApOpeXHM LIapOUTHAA CYB
XaB3aJapUHUHT YCUMIIMKIIAP OWJIaH KOTJIAaHHUIIN YPraHUIIH.

KuroueBble ciioBa: runpoduinbHas pactutenbHOCTh, FOxHOe [lpmapanbe, MyitHakckuii 3anmuB, Cap6ac, llerexys,
Kyxkcy, rugpopexnm, BbICIIas BOJHAS PaCTUTENBHOCTD, YPYT, PAECT.

Pe3rome. IIpoBommmucek uccienoBaHms B HEKOTOPHIX Bomoémax lOxHoro [Ipmapames (MyiiHakckuii 3amuB, Capbac,
erexynb, Kokcy) mms wusyuenuss (opmMupoBaHus TUAPODUIBHOM pacTUTEIBHOCTH, JMHAMHKA BBICHICH BOJHOM
PACTUTEIILHOCTH B YCJOBUSAX HECTAOMJIBHOTO ruapopexkuma B nepuoast 2009-2024 rr. MccnemoBanack 3apacTacMoCTh
BOJIOEMOB B YCJIOBHUSIX HECTAOMIBHOTO THIPOPEIKUMA.

Key words: Southern Aral Sea region, Muynak Bay, Sarbas, Shegekul, hydroregime, higher aquatic vegetation, water
milfoil, pondweed

Summary. Research was conducted in some reservoirs of the Southern Aral Sea region (Muynak Bay, Sarbas,
Shegekul, Koksu) to study the formation of hydrophilic vegetation and the dynamics of higher aquatic vegetation under
conditions of unstable hydrological regime during the 2009-2024 period. The vegetation of water bodies was investigated
under conditions of unstable hydrological regime.

Beenenune. B cBs3u ¢ M3MEHEHHEM THIPOJIOTHYECKOTO  TIIyOMHAX BOJ OTOMpAJIMCh C MOMOIIBIO KPIOYKOB PAa3HOU
U THIPOXMMHUYECKOT0 PEXHMMa B BOJOEMaxX CO3Jal0TCA pa3-  JAMHBL IIpu onpeneneHHu BHIOBOIO COCTaBa UCIOJIB30Ba-
JIMYHBIE YKOJOTHYECKUE YCIOBHS JUIA THAPOPUIBHON pac-  JIHCh paHee OMyOJMKOBaHHBIC HCTOYHUKH (3-7).
TUTENIBHOCTH. YTpaBlI€eHHE THIPOJIOTUYECKUM PEKUMOM Pe3ysbTaThl Hecae10BaHUS U MX 00cyskaeHne. Maio-
BOJI0OEMOB MOJKET TOCITYXHTh (hakTOpoM TpaHChopManun BOJZIbE, HEIOCTATOYHOC IIOCTYIJICHHE BOJBI M YCBIXaHHE
9KocHCTeM. Bpiciias BojgHas PACTHTENBHOCTh SBISETCS  GOMNBINOM 4aCTU aKBATOPHUH BOJOEMOB IIPHBOAUT K 00eHE-
OCHOBHBEIM CPEl000pa3yIONIMM KOMIIOHEHTOM BOAOEMOB M HHIO BUIOBOTO COCTaBa (IOPHI BHICIINX BOIHBIX PACTEHHIl
M3yYCHHE MX (IOPUCTHYECKOTO COCTABA, AMHAMHUKH By pacIpOCTPAHEHHIO TOJNHKO HEKOTOPHIX BHIOB KOTOpPHIE
YCTOBHAX M3MEHEHHS THIPONOTHYECKOTO PEXKHMA MMECT  GrLicTpo pasMHOYXKAOTCS, HAIPUMED, POTONMCTHHK, YpYTh,
BKHOC 3HATCHUC. BHUIIBI PIIECTA, XaPOBBIE BOIOPOCIIH.

Ha 3apacranne BojoeMOB OOJbIIOE 3HaYEHHE HMEET OTMeueHo, uTo OYypHOE Pa3BUTHE XapOBBIX BOJOPOCIIEH
CTENEHb MUHEPAIM3ALUM BOJ KOTOPas HANPAMYIO 32BUCHT  y1ooyexonyT Tora, KOTAA B 03€p0 He MOCTYNAET MaBOKO-
OT THAPOpEKHMa 5TOro BozoeMa. C YBENMUEHHEM 32C0- oo BOJIa M HAapYIIAeTCs THAPOIIOTUIECKHUN PEKUM BOJI000-
JICHHOCTH BOJ B BOZIOEMC HE TOJEKO MCHACTCA (bropuctu- MeHa. Ecin o3epa B TakoM COCTOSIHUM Haxozsrcs 1-2 rofa,
HECKHH COCTaB, HO M MOCTENEHHO MCYE3AOT BCE MPECHO- oo oy paupaer MUHEPAITH3OBATECA, 4 Xapa M PIECT
BOJIHbIC PACTHTEIILHBIE COODMICCTRA. rpebeHYaTslii HAYMHAIOT yBEIMYUBATh CBOM  3apOCIH

Hean HCCTIE0BAHNA. W3yuenne BHIOBOTO pPazHO00- (TayGacs, 1970).
52}3]?;H:;IcmEZCTZg)gE::orgacTI;E?;Z;?;:;J?"T?ﬂZZioi HecTaOmpHOCTh NOCTYIUIEHUST BOABI MOYKET TpUBECTH
TOxmoro Tiprapamss: Myiiaxckuii sams, sams Capbac, K IMOCTENEHHOMY HCUE3HOBEHUIO TaKUX BUAOB pPAaCTEHUI

KOTOpbIe OoJiee TpeOOBATENBbHBI K CTAOMIBHOMY THAPOpE-

[lerexynb, Kokcy.
Marepnaa U MeToabl MccaenoBanus. Mccienopapus — KAMY M AYBCTBUTCIBHBL K MSMCHCHHIO yPOBHA BOJBI, K
YacTHIM YCBIXaHUSIM BOJOeMOB. OCOOEHHO KPHTHUECKH

[POBOJIUIINCE B BECEHHEE W JIETHEE BPEMs, COOp U H3yue-
HHe TepGapHBIX MAaTepHAIOB BHICIIMX BONHBIX pacTenuii ~ MAIOBOJHBIMH Obtnn 2000-2001 rr., 2008, 2011, 2018

npoBOMIM B BOo&Max MyiiHakckuii 3ammB, Capbac, 2021, 2022 ronpl, Korja IMOCTYIUJICHHE aMyAapbUHCKOMN
[erexyn mo meromam B. M. Karanckoii (Karanckas, 1981) ~ BOABI OBLIO HEIOCTATOYHBIM ISl TIOACPKAHHS YPOBHS BOJ
u JLW.JIucutmaoit (JIucunperna, 2003). Pactenus, kotopeie B BOAOCMAax fOxHoro Ilpuapanbst. B pesynbrare MHorue
NpoM3pacTaid B BOJE MIM Ha JHE BOJHOTO Oacceifma  BOAoeMbl (MyiiHakckuii 3amus, CapOac, lllerexyss, Kokey,
oTOMpanuch BPYYHYIO, a pacTeHus, IpouspacTaiomue B JlOMalak) CHIBHO OOMENENH, a HEKOTOPBIE BRICOXIIN.
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3amuB Capbac (PpiGaunmii 3anmMB) BOXOXpaHWIHIIE
CO3/IaHHOE Ha MecTe OBIBLIETO 3annBa ApajbCKOTO MOpS
(puc 1.). Bomoxpanmmmimie o0pa3oBaHO TOCTPOCHUEM B
CEBEPHOW YacCTH TOIIIOPHOW AaMOBI C JABYMs BOJOBBIITYC-
kamu. OO1as aauHa 1aMOBl COCTABIIIET OKOJIO 8 KM, MaK-
cHUMaJbHasl BBICOTA O 7 M. I'pyHT WINCTBIHA, B OTAEIBHBIX
MeCTax mecuaHblil. J[HO poBHOE, cpenHss riayouHa 1-1,5 M,
MakcumaibHast 10 4 M (JKommacosa, 2002).

T T

v

Puc 1. Osepo Capbac (2023 2.)

Oo6Boanenue 3anmBa Capbac Bwicoxmiero k 1974 r.
Obuto Hawyato ¢ 1982 r. 3a cuer croka AMyJapbH, HO
MOCTYIUICHUE BOJBI OBLIO 3MU30JMYECKUM M HEOOJBIIOTO
o0vema. B 1990 r. BmepBbie ObUIH OOBOIHEHBI OKOJIO 1,5
ThICSY Ta miomanu 3aduBa. K Becne 1991 roma miomanb
00BOJJHEHHS JOCTHUTJIA y)KE YEThIPEX ThICSAY rekTapoB. Bona
B 3aJMB MOCTyHaeT M3 Mexaypeubs yepe3 KaHan MapuH-
KHH U IMeeT CTOK 1o ['oHuap-y3saKy B MHxkeHep-y3sK (TIpo-
TOKa AMyIapbh); eMKOCTh BoIOXpaHWIMma 135 miH. M,
Jletom 1992 r. B ceBepo-3anmajHOM YIIIy 03€pa CIIy4WIICS
MIPOPBIB, YTO TPHUBENIO K OCEHHEMY OOCBIXaHMIO M CHIIBHO-
My OOMEJICHNIO 3HAUYUTENbHON YacTH BojoeMa. Takue mpo-
PBIBBI TTOJITIOPHOM TUIOTHUHBI CIIYYaJIHCh U MO3XKE U CIIOCO0-
CTBOBAJIM PE3KOMY KOJICOAHHIO YPOBHS BObI. B 11e1om Obu1
CO3JIaH OTHOCHUTENIFHO CTa0WJIbHBIN, B mpeaenax 4 ThiC. ra
BOJIOEM C MaKCUMaJbHOW ITyOWMHOH 10 4 M U mpeobiaaa-
rorumMu rryouHamu 1-1,5 M. Ograko B manoBoausie 2000-
2001 roxmer Boma coxpanmiack He Ooxee, yem Ha 500 ra. B
2002 r. Obula obOBomHeHa Bes Miomanb (TeMupOeKos,
2011).

Oszepa Kokcy u Illerekynb pacrioioxeHbl B A€IbTOBON
30He pekn Amynapeu. HaxomsaTcs Ha TeppuUTOpHH
MyliHakckoro paiioHa, psAAOM PACHOJIOXKEHBl IOCEIKU
Keseimkap, lere. Mexaypeuse Axpapsu — Kunuakaapsu
OXBaTHIBAeT OOJIBIIYIO YaCcTh BOJHOTO MaccuBa o3ep Kokcy
u llerexyns. [Tocne 1960-x rog0B ¢ MOHMKEHUEM YPOBHS
BOABI B AMyHaphse C 3amagHOH M CEBEpHOH CTOPOH 03Ep
ObUT TIPOPBIT cTapoe pycio Kumuakaapbs. MecTo ciausHus
nByx pek HaspiBaeTcs lllyak. Boctounas gacte o3ep cHab-
JKaeTcst BoJaMH AMyJiapbH, 3amajHas 4yacTb OOBOJHSETCS
BOJIaMHU PYCJIOBBIM KaHaiioM Kurmaaknapbsi.

3apacTaeMocTh OOJIBIIMHCTBA BOJOEMOB MOTPYKEHHBI-
MH pacTeHUSIMH O4YeHb BbICOKas. CaMbIMH IpeoOiiaiaro-
MMM BHJAMHU U3 TOTPYKEHHBIX PAacTEHWH SBISIOTCS
Myriophyllum spicatum u Potamogeton crispus (Puc. 2-3).
B Becennee u jnerHee Bpems M.spicatum u P.Crispus B
MyiinakckoMm 3anuBe, Capbace 00pasyloT CIUIOIIHbIE,
TYCTBIE 3apOCIH, YTO AK€ MPEMATCTBYIOT MEPEIBIKCHUIO
Ha sogxe (bexrypcsiros u Theyos, 2018).

Puc 3. Poecm nponzennonucmublii
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Hnsa Bonoemos FOsxHoro Ilpuapanbs XapakTepHbl CpaB-  3apacTaeéMOCTBIO, HO BUAOBOE Pa3’HOOOpa3sue HEMHOTOYHC-
HHUTENHHO HEOOJBIIOE KOJINYECTBO BHJIO0B BBICIINX BOIHBIX JIEHHOE. Hpeo6na;[a}0]_up1MH BUJIAMU U3 NOIPYKEHHBIX pac-
pactennii. Jlaxxe BOZOCMbI MMCIOLIME CHIBHYIO 3apacTae-  remmii sistrorcss Myriophyllum spicatum u Potamogeton
MOCTb MPE/ICTABJICHBI JINIIL HECKOJIBKMMU BUIIAMH BBICIINX  crispus. B BecemHee u jeTHee Bpemsi M.spicatum wu
BOJIHBIX PACTECHHH. . P.crispus B Bogoemax, 0co6eHHO B MyHHAKCKOM 3alUBE U

s BOJIONIOTPY)KEHHBIX PACTCHUH PACIPOCTPAHEHDI ITIaB- Cap6ace 06pa3yIoT CILIOIIHBIE, TYCTBIC 3aPOCITH.

HBIM 00pa3om, Myriophyllum spicatum, Potamogeton crispus, H
- . . anboJpIIee pacIpoCTpaHEHHE BO MHOTHX BOJOEMax
Potamogeton perfoliatus, Potamogeton pectinatus, Najas HMEIOT BIUILI KOTODBIE 110 CBOCH GHONOMMH OKA3LBAIOTCS
marina, Ceratophyllum demersum. MenkoBoHbIE pa3IUBBI A P
Hanbosee MPHUCIIOCOOICHHBIMH K THIPOJIOTHISCKAM PEeKH-

MTOKPBHITHI HEBBHICOKHMH 3apocisiMH poro3a Typha angusti-
folia, Schoenoplectus litoralis, Acorellus  pannonicus, ~MaM BOTOEMOB M HpH GArONPHATHBIX YCIOBHAX CTOCOO-

Bolboschoenus maritimus. B manoBoaubsie Toapl mpuOpex-  HBIC obpasoBaTh TycThle 3apocid. B ocHoBHOM 3TO
HBIE YaCTH 03€pa MOKPHIBAIOTCS 3apOCIISIMU TPeOCHINNKA. POTOJIMCTHUK TOIPYKCHHBIH, YpyTh KOJIOCOBas M pPHECT
Boisoabl. Bojoemsr FOxHoro ITpuapanss Myitnakckuii ~ KypP4aBblil. [l CONOHOBATOBOIHEIX BOJOCMOB XapaKTEPHBI
samuB, Capbac, Illerexyns, Kokcy oTmuaroTCss CHIbHOH — PACCT IpeOCHYATHIi, Has/IbL.
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Tayanch so‘zlar: tsestoda, invaziya ekstensivlik, invaziya intensivlik, tsikl, gelmint, xo jayin.

Rezyume. To‘liq va to‘liq bo‘lmagan gelmintologik yorib ko‘rilgan 156 nusxa yovvoyi sut emizuvchi hayvonlardan 56
nusxasi (35,2%) H.krepkogorski cestodasi bilan zararlangani kuzatildi. Shundan, 56 nusxa chiyabo‘rilardan C.aureus 21
nuxasi (37,5%), 23 nusxa bo‘rilardan C.lupus 5 nusxasi (21,7%), 42 nusxa tulkilardan V.vulpes 16 nusxasi (38,0%) va 38
nusxa qum quyonlarining L.tolai 14 nusxasi (36,8%) H.krepkogorski cestodasi bilan zararlangani aniglandi. H.krepkogorski
cestodasi bilan invaziya ekstensivlik ko‘rsatkichlari bo‘yicha yuqori darajada zararlanish tulkilarga V.vulpes 38,0% to‘g‘ri
kelgan bo‘lsa, invaziya intensivlik ko‘rsatkichlari bo‘yicha maksimal zararlanish qum quyonlariga L.tolai 13-281 nusxa.
to‘g ri keldi.

KiroueBsbie ciioBa: necroga, MHBasus, SKCTCHCUBHOCThb, MHTCHCUBHOCTh HHBAa3UH, NUKJI, I'CJIBMHUHT, XO35AHH.

Pe3tome. 13 156 sk3eMIUIIpOB, MOABEPTHYTHIX MOJHOMY U HENOJIHOMY T€JIbMHHTOJIOTMYECKOMY HCCIENOBaHHIO, 56
9K3eMIITAPOB (35,2%) U3 TUKUX MIICKONUTAIOMUX ObuTH 3apakeHsl nectonoi H. krepkogorski. M3 56 sk3emminsapoB maka-
noB C.aureus - 21 sx3emmsip (37,5%), u3z 23 ax3emmuisipoB Bosika C.lupus - 5 sx3emmisipos (21,7%), u3 42 sx3eMiuispa
mucwurr V.vulpes - 16 sxsemmisapos (38,0%), u3 38 sx3zemiutsipos necuanoro 3aiia L.tolai - 14 sx3emmsipos (36,8%) Gbuin
sapaxxensl ectomoit H.krepkogorski. ITo mokasarenisiM 5KCTEHCHBHOCTH WHBa3Ku ¢ riectoaoi H.krepkogorski nan6omnpmmii
yPOBEHb 3apaxkeHus1 HaOmomancs y jucuil ¢ V.vulpes 38,0%, a mo mokasaTessiM WHTEHCHBHOCTH WHBAa3MH HAMOOJBIINAN
YPOBEHb 3apa)KeHust HAOII0aNCs y ecyanbix Kposinkos ¢ L.tolai 13-281 sk3emiuispos.

Key words: cestode, invasion, extensiveness, intensity of invasion, cycle, helminth, host.

Summary. Of the 156 specimens subjected to full and incomplete helminthological research, 56 specimens (35.2%)
from wild mammals were infected with the H.krepkogorski cestode. Out of 56 individuals of the jackal C.aureus, 21
individuals (37.5%), 23 individuals of the wolf C.lupus, 5 individuals (21.7%), 42 individuals of the fox V.vulpes, 16
individuals (38.0%), and 38 individuals of the hare L.tolai, 14 individuals (36.8%) were infected with the H.krepkogorski
tsestoda. In terms of the extensiveness of infection with the H.krepkogorski tsestoda, the highest level of infection was
observed in foxes with V.vulpes at 38.0%, while in terms of infection intensity, the highest level of infection was observed
in rabbits with L.tolai at 13-281 specimens.

Kirisiw. Parazitar kesellikler haywanat dunyast hdm  kemiriwshilerdin har tirli wékillerinde rawajlanadi ham
insan salamatligt ushin ulken A4hmiyetke iye bolgan olardan araliq xojayin sipatinda paydalanadi. Bunday
biologiyaliq ham veterinariyaliq mashqalalardan biri bolip  jagdaylar bolsa parazittin tabiyiy oshaqlarda tzliksiz
esaplanadi. Tabiyiy biocenozlarda parazit ham xojayin  aylaniwin tdmiyinleydi [5:687].
ortasindagl qatnaslardi Uyreniw parazitlerdin tarqaliwi, H.krepkogorski din biologiyasi, morfologiyast ham
tirishilik cikli hdm de epizootologiyaliq 6zgesheliklerin  ekologiyast haqqinda magliwmatlar bar bolsa da, onin
amqlawda dhmiyetli orin tutadi. Asirese, jabay1 haywanlar  jabayr haywanlar arasinda tarqaliwi, xojayinlar spektri ham
tarli gelmintler ushin tabiyiy rezervuar waziypasin atqarip,  epizootologiyaliq ahmiyeti toliq uyrenilmegen. Asirese,
parazitlerdin saqlanip qaliwi ham ken tarqaliwinda ulken  Qaraqalpagstan aymagqlarinda bul parazittin = tabiygly
ahmiyetke iye [5:687]. populyaciyalarda ushirasiwi, rawajlaniw 6zgeshelikleri ham

Songi jillar1 cestodalar klasina tiyisli parazitlerdin jabayr  haywanlar organizmine tésiri boymsha izertlew jumislari
haywanlar  populyaciyalarinda tarqaliwin  uyreniwge  jeterli emes [5:687].
qizigiwshiliq artip barmaqta. Bul parazitler arasinda Ust muanasibet penen H.krepkogorski din jabayi
Hydatigera krepkogorski tari ayrigsha ahmiyetke iye bolip,  haywanlarda parazitlik etiw qasiyetlerin Gyreniw, omn
ol tiykarman 0y ham jabayr jitqish sut emiziwshi  xojayin quramin aniqlaw, tarqaliw nizamliliqlarin bahalaw
haywanlardin as siniriw sistemalarinda, tiykarinan jinishke = ham tabiyity oshaqglardagi 4hmiyetin  sawlelendiriw
bolim isheklerinde parazitlik etip Omir suredi. Onin  ahmiyetli ilimiy waziypalardan biri esaplanadi. Bul izertlew
lichinkaliq basqishlart bolsa qoyan térizliler ham  natiyjeleri parazittin  biologiyasi ham ekologiyasi

43



mailto:abat.berdibaev@bk.ru

haqqindagi bilimlerdi bayitiw, sonday-aq, haywanlar
arasinda parazitar keselliklerdin tarqaliwin qadagalaw
ilajlarin jetilistiriwge x1zmet etedi.

Izertlewdin materiallarn ham usillari. lzertlew
jumislart 2023-2026-jillar dawaminda Qaraqalpagstannin
tort tabiyiy geografiyaliq aymaqlarinda stacionar ham
marshrutll usillar tiykarinda alip barildi. Akademik
K.I.Skryabinnifi  [6:45] tolig ham toliq bolmagan
gelmintologiyaliq jarip koriw usili menen 159 nusqa jabayi
st emiziwshi haywanlar tekseriledi (1-keste).

1-keste. Tekserilgen haywanlardin tir quram ham
sani

Ne Haywan tirleri Tekserilgen sani
| Tiykarg1 xojayin 121

1 | Sagal — Canis aureus 56

2 | Qasqir — Canis lupus 23

3 | Tulki — Vulpes vulpes 42

11 Araliq xojayin 38

4 | Qum goyam - Lepus tolai 38

Aniglangan cestoda klasina tiyisli gelmintler 70%, 96%
spirtte feksaciya etildi, etiketkalar jabistirildi. Jiynalgan
materiallardi analiz etiw olardif trlerin aniqlaw jumuslart
Nokis mamleketlik pedagogikaliq instituti “Eksperimental

biologiyaliq izertlewler” laboratoriyasinda alip barildi
[3:274; 6:45].
Aniglangan  gelmintlerdi, olardin mayek ham

lichinkalarin identifikaciyalawda bir qatar anigqlawshilar
ham monografiyalardan paydalanildi [1:232; 3:274].

Jabay1 st emiziwshi haywanlardin bul cestoda menen
ztyanlamwinin  mugdarliq korsetkishleri ham parazittin
xojayin organizminde tarqaliwinin invaziya ekstensivligi
(IE), invaziya intensivligi (II) hAm mugdar indeksi (MI)
styaqli parazitologiyaliq korsetkishler tiykarinda esaplandi
[4:352].

Izertlew natiyjeleri. Izertlew natiyjelerine kore
akademik K.I.Skryabinnin (1928) toliq ham toliq bolmagan
gelmintologiyaliq jarip koériw usilt menen tekserilgen 156
nusqa jabayr sut emiziwshi haywanlardan 56 nusqasi
(35,2%) H.krepkogorski cestodasi menen ziyanlangam
aniqlandi. Sonnan 56 nusqa sagallardan C.aureus 21
nusqast (37,5%), 23 nusqa gasqirlardan C.lupus 5 nusqasi
(21,7%), 42 nusqa talkilerden V.vulpes 16 nusqasi (38,0%)
ham 38 nusqa qum qoyanlarmmn L.tolai 14 nusqasi (36,8%)
H.krepkogorski cestodast menen ziyanlanganligi ghzetildi

(2-keste).
2-keste. H.krepkogorski cestodast menen jabayi
haywanlardin ziyanlanmiwi
Haywan | Lokaliza- IE - "
tarleri tsiyasi nusga | % M=tm
max
jinishke
C.aureus bolim 21 |37,5| 4-27 | 15,5+1,4
ishekler
jinishke
C.lupus bolim 5 |21,7| 2-11 | 8,6+0,6
ishekler
jinishke
V.vulpes bolim 16 [38,0| 3-17 | 13,6+1,3
ishekler
bawir ham
Litolai | 92rmbosh- |y, 681130811 523437
gindagi
perdeler
1-keste magliwmatlarina qaragada H.krepkogorski
cestodast menen invaziya ekstensivlik korsetkishleri

Ilim ham jamiyet. ¥¢5.2026

44

boyinsha joqari darejede ziyanlamiw thlkilerge V.vulpes
38,0% tuwr1  kelgen bolsa, invaziya intensivlik
korsetkishleri  boymsha maksimal ziyanlamtw  qum
qoyanlarina L.tolai tuwirt keldi 13-281 nusga (1-sawret).
Tulkilerdin bul cestoda menen invaziya ekstensivlik
korsetkishleri boyinsha joqari darejede ziyanlaniwi, olardif
aziq quraminin kopshilik bolimin kemiriwshilerdin har tarli
wakilleri atqartwinda boliwt mumkin. H.krepkogorski
cestodasinin rawajlamiw cikilinde araliq Xojaymn waziypasin
goyanlardan tisqart kemiriwshilerdin de har tarli wakilleri
atqaradi.

L.tolai
36,8%

C.aureus
37,5%

N

Vvulpes
38,0%

1-sawret. H.krepkogorski cestodasi menen tyrenilgen
sut emiziwshilerdin ziyanlamw kérsetkishleri %.

Qaraqalpagstan sharayatinda H.krepkogorski cestodasi
menen qoyanlardin invaziya intensivlik korsetikishleri
boyinsha joqar1 darejede boliwi, bul aymaqta parazitlerdin
rawajlaniwi1 ushin qolay sharayatlardin barligt ham qum
qoyanlart populyaciyalarmin kopligi boliwt  mumkin.
H.krepkogorski cestodasi biogelmint, tiykargi xojayinlari
Uy ham jabayr jirtqish sit emiziwshi haywanlar, araliq
xojayinleri bolsa qoyan tarizliler ham kemriwshilerdin har
tarli wakilleri esaplanadi. Qaraqalpagstan sharayatinda
H.krepkogorski  cestodasimn  rawajlamw  ciklinde
qatnasatugin haywanlar dizimi [2:640] (3-keste).

3-keste. Qaraqalpaqstan sharayatinda H.krepkogorski
cestodasinm  rawajlamw cikilinde qatnasiwish1 stt
emiziwshiler

Qoyan tarizliler topar: - Lagomorpha. Leporidae
1 Lepus tolai Qum goyan*
Oryctolagus cuniculus , -
2 domesticus Uy qoyani
Kemriwshiler toparn — Rodentia
Spermophilopsis Jinishke barmaqh
3
leptodactylus balpag
4 Citellus pygmaeus Kishi balpaq
5 Citellus fulvus Sar1 balpaq
Qumtishqanlar - Gerbellidae
6 | Meriones tamariscinus | Jingil peschankasi
7 | Meriones erythrourus Qizil quyrqls
peschanka
8 | Meriones meridianus Yarim kun peschanka
9 | Rhombomys opimus Ulken peschanka
Tishqanlar - Muridae
10 | Nesokia indica Jalpagq tisli krisa
11 | Mus musculus Uy tishgant
Jirtqushlar toparn — Garnivora. Canidae




12 | Canis aureus Sagal*
13 | Canis lupus Qasqur*
14 | Vulpes corsac Qarsaq
15 | Vulpes vulpes Tulki*
16 | Canis lupus familiaris | Uy iyti*
Susarlar - Mustelidae
17 | Mellivora indica Balxor
18 | Meles meles Porsig*
Pishiglar - Felidae

19 | Felis chaus Qamus pishigr*
20 . . Dala yamasa bortpe

Felis lybica tembil dagli pishig*
21 | Felis margarita Qum pishigi
22 | Felis manul Manul
23 | Felis caracal Qaraqulag
24 | Felis domestica Uy pishigr*

*Esletpe: - H.krepkogorski cestodasi menen ziyanlangan
sut emiziwshiler.

Ilim hdm jdamiyet. /25.2026

2-kestede izertlewlerimiz dawaminda aniglangan 10
tardegi Uty ham jabayr sut emiziwshi haywanlardin
H.krepkogorski cestodasi menen ziyanlangam Keltirip
6tildi. Bul maqalamizda H.krepkogorski cestodasinin jabay1
iyt tarizliler hAm qoyanlarda rawajlamw ciklleri boyinsha
jiynalgan magliwmatlardan paydalandiq.

Juwmag. Izertlew jumislari natiyjeleri son1 korsetedi
H.krepkogorski cestodast jabayi jirtqish st emiziwshiler
ham kemiriwshi haywanlarda ushirasatugin gelmintlerden
biri bolip esaplanadi. Onin tirishilik cikli aralig ham
tiykargl xojayinler qatnasinda bolip, tabiyiy biocenozlarda
parazit - Xxojayin qatnasiqlariin qaliplesiwinde tlken
dhmiyetke iye. Jabayr iyt tarizliler hdm qoyanlar usi
parazittin  tarqaliwi,  saqlanip qaliwinda  tiykargi
epizootologiyaliq buwin waziypasin atqaradi. Parazittin
biologiyaliq 6zgeshelikleri hdm tarqaliw nizamliglarin
uyreniw, jabayr faunadagi parazitozlardi monitoring
qiliwda, olardin ekologiyaliq ahmiyetin bahalawda ham de
epizootologiyaliq gawiplerdin aldin aliwda ahmietli ilimiy
tiykar bolip xizmet etedi.
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Tayanch so‘zlar: anor doni, po‘sti, almashinmaydigan, almashinadigan aminokislotalar, limit aminokislotalar,
regenerativ mahsulot yetishtirish, regenerativ qishloq xo‘jaligi.

Rezyume. Magolada anor (Punica granatum L.) turiga mansub “Oq shirin” “Qizil anor* va “Qoraqayin” navlarining
meva po‘sti, doni, barg hamda gulida aminokislotalar migdori bo‘yicha ma’lumotlar berilgan. Tadqiqot Guliston davlat
universiteti Agrobiotexnalogiya va biokimyo ilmiy tadgigot institutida olib borilgan. Anor po‘stida Prolin 2.8, Lizin-2.95,
Trianin-3.55 va Glitsin migdori 9.2 g, donida tegishli ravishda: 8.0; 11.6; 32.3 va 43.8 g/100 teng ekanligi aniglangan.
Umumiy aminokislotalarning anor donida ulushi -72.6%, po‘stida -27.4% ni, almashinmaydigan aminokislatlar tegishli
ravishda - 25.0 va 75.0% ga teng ekanligi qayd etilgan. Anor po‘stida almashinmaydigan aminokislatlar miqdori donga
nisbatan 3-martagan ko‘p ekanligi aniqlangan.

KuroueBble cioBa: rpanar (Punica granatum L.), cemMeHa rpaHaTa, KOXypa IUIOAOB, He3aMEHHMbIC aMHHOKHCIIOTBI,
3aMEHUMBIE  aMHUHOKHCCIIOTHI, JIMMUTHUPYIOIIME aMHHOKHCIOTBHL, IPOM3BOJACTBO  PEreHEpaTMBHON  NPOAYKIMH,
pereHepaTHBHOE CEIbCKOE XO3SIHCTBO.

Pe3ome. B crarbe mpencTaBiieHbl pe3yJbTaThbl MCCIIEIOBAHUS aMUHOKHCIOTHOTO COCTaBa KOXKYpBI IIOJIOB, CEMSH,
JIMCTBEB W MBETKOB cOpTOB rpanata (Punica granatum L.) «Ok mupun», «Kusun anop» u «Kopakaiina». Mccnenosanue
mpoBeneHo B HayuHo-HMccnenoBaTenbcKoM HHCTUTYTE arpoOMOTEXHOJIOTHH M OMOXMMHUH | yIHCTaHCKOTO TroCyAapCTBEH-
HOT'O YHHBEPCHUTETA. Y CTAHOBIICHO, YTO COICPIKAHUE MIPOJIUHA, TM3HHA, TPEOHHHA U TJIMIMHA B KOXKYpE IUIOZAO0B COCTABHIIO
COOTBETCTBEHHO 2,8; 2,95; 3,55 1 9,2 1/100 r, Torga kak B ceMeHax 3T rmokasarenu gocturany 8,0; 11,6; 32,3 u 43,8 /100
I' COOTBETCTBEHHO. OTpe/eNieHo, YTo J0JIs OOIIEro CoAepKaHusl aMHHOKHCIIOT B ceMeHax cocrasisiet 72,6%, a B Koxype —
27,4%. Jlons He3aMeHHMBIX aMHHOKHCIOT coctaBmia 25,0% B cemeHax u 75,0% B Koxkype. YCTaHOBICHO, YTO
coJiep)KaHne He3aMEHUMbIX aMHHOKHCIIOT B KOXKYpe rpaHaTa MpUMEPHO B TPH pa3a BhIIIE, YEM B CEMEHaX.

Key words: pomegranate seeds, fruit peel, essential amino acids, non-essential amino acids, limiting amino acids,
regenerative crop production, regenerative agriculture.
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Summary. The article presents data on the amino acid composition of the fruit peel, seeds, leaves, and flowers of the

pomegranate (Punica granatum L.) cultivars "Oq shirin,

Qizil anor," and "Qoragayin." The study was conducted at the

Research Institute of Agrobiotechnology and Biochemistry of Gulistan State University. The results showed that the
contents of proline, lysine, threonine, and glycine in the pomegranate peel were 2.8, 2.95, 3.55, and 9.2 ¢/100 g,
respectively, whereas in the seeds these values reached 8.0, 11.6, 32.3, and 43.8 g/100 g, respectively. It was established
that the proportion of total amino acids accounted for 72.6% in the seeds and 27.4% in the peel. The proportion of essential
amino acids was 25.0% in the seeds and 75.0% in the peel. The amount of essential amino acids in the pomegranate peel
was found to be approximately three times higher than that in the seeds.

Kirish. Regenerativ qishloq xo‘jaligi (Regenerative
agriculture RA) o‘simliklarning o‘sishi va rivojlanishi
uchun qulay sharoit yaratish, ularni muhitga moslashtirish,
tuprog unumdorligini tiklash, ekologik toza mahsulot
yetishtirish, ekosistemani barqarorligini ta’minlash bilan
bog‘lig bo‘lgan qishloq xo‘jaligi yondashuvi hisoblanadi
[1]. Regenerativ muhsulot yetishtirish tuprogning fizik,
kimyoviy va biologik ko‘rsatkichlarini yaxshilash va undan
samarali foydalanish imkoniyatiga ega bo‘lgan ekin
turlarini tanlashga ham bog‘liq. Bu o‘rinda anor (Punica
granatum L.) o‘simligi fiziologik, biokimyoviy
xususiyatlari jihatidan regenerativ mahsulot yetishtirishda
ahamiyatga ega. Uning mevasidan sharbat tayyorlansa,
po‘sti va donidan ishlab chigarishda foydalaniladi [2].
[Imiy manbalarda qayd etilishicha, dunyo bo‘yicha
yetishtirishga yalpi anor ( 8,1 min tonna) gayta ishlashdan
0,75-1 min tonna sharbat, 0,5-1,62 min tonna ikkilamchi
sanoat chiqgindisi (po‘st, urug®) olingan[3]. Hindiston, Eron,
Afg‘oniston, AQSH, Turkiya, Isroil, Misr, Pokiston hamda
O‘zbekiston kabi davlatlar dunyo bo‘yicha anor
yetishtirishda yetakchi davlatlardan ekanligi e’tirof etilgan.
Yetishtirilgan anorning 65.0 % ozig-ovgat sanoatida, 20% -
kosmetikada, 15%- kulinariya sohasida qo‘llanilgan, anor
mevasining 36-75 % sharbat, 27-52 % po‘st va 7-21 %
dondan tashkil etganligi aniglangan. Shu bilan birga anor
donida moy Kkislotalarining ulushi 44.5-86.1% ga teng
ekanligi aniglanib ular antioksidantlik xususiyatiga ega
ekanligi gayd etilgan[4]. Anor po‘stidan biologik faoll
moddalar ishlab chigarish mumkinligi gayd etilgan [5].
Anor mevasida Mn, P, Mg, Si, Cr, Ca, Cu, S, V1, V2, V6,
V15 makro va mikroelementlar aniglangan [6, 7].

O‘simlik mahsulotini biologik qiymatini belgilovchi
ko‘rsatkichlardan biri ogsil hisoblanadi. Ma’lumki, ogsil
tarkibi almashinmaydigan:lizin, valin, treonin, leysin,
izoleysin, metionin, triptofan, fenilalanin, arginin, gistidin,
tirozin va sistein ham almashinadigan aminokislotalardan
tashkil topgan. Ushbu aminokislotalar migdori tuproq iglim
sharoiti va ekin turlariga bog‘liq bo‘lgan holda
o‘zgarganligi aniqlangan. Suriya sharoitida olib borilgan
tadgiqotlarda anor navlarida 17 ta aminokislatlar aniglanib
ularning 8 tasi almashinmaydigan aminokislatlardan ekanli
gayd etilgan. Ushbu aminokislatlardan triptofan, valin va
lizin limit aminokislatlardan ekanligi gayd etilgan [8; 9].
“Tuyatish” anor navining po‘sti va donida oqsil miqdori
boshga navlarga nisbatan yuqori ekanligi aniglangan [10;
11].

Umuman olganda, anor o‘simligi iqtisodiy va tibbiiy
ahamiyatga ega. Bu anorning sho‘rga chidamliligi[12],
sho‘rlangan tuproq sharoitida axoli daromadini oshirish
hamda ovgat hazm qilish tizimi  funksiyasini
optimallashtirish, antikanserogen terapiyada foydalanish
bilan bog‘liq [13; 14]. Shundan kelib chigib, regenerativ
anor yetishtirishning fiziologik va biokimyoviy asoslarini
o‘rganish ilmiy va amaliy ahamiyatga ega. Lekin
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sug‘oriladigan, sho‘rlanishga moyil bo‘lgan tuproq iqlim
sharoitida regenerativ anor yetishtirishning biokimyoviy va
fiziologik asoslari to‘liq o‘rganilmagan. Shundan kelib
chiqib, mazkur tadqiqot olib borildi. Uni o‘tkazishdan
asosly maqsad, anor mevasining po°‘sti, doni va gul hamda
bargida aminokislotalar migdorini aniglashdan iborat.

Tadgiqot obyekti sifatida Anor (Punica granatum L.)
turiga mansub “Oqshirin” “Qizil anor “ va “Qoraqayin”
navlari olingan. Tadgiqot Guliston davlat universiteti
goshidagi Agrobiotexnalogiya va biokimyo ilmiy tatgigot
instituti dala maydonida olib borildi.  Anor mevasi
tarkibidagi aminokislotalar Sigma Aldrich (Germaniya)dan
keltirilgan standart namunalar asosida sifat va miqgdor
ko‘rsatgichlarini Agilent Technologies, AQSh (Agilent)
ishlab chigarilgan YuSSX Agilent 1260 Il Infiniti qurilmasi
Fluoressen  (FLD) detektori  yordamida anigladi,
qo‘zg‘almas faza Poroshel 120 EC-C-18 (150 mm X 4,6
mm x 4 mkm) AQSH kalonkadan, foydalanildi,
Kolonnadan oldingi derivatizatsiya avtomatik
dasturlashtirilgan rejimda amalga oshirildi, Aminoksilotalar
analizi amalga oshirishda ko‘chma faza sifatida A - natriy
digidrofosfat eritmasi (40 mM) pH 7,8 va mobil faza B -
asetonitril: metanol: suv (45:45:10) o‘zgaruvchan rejim
asosida amalga oshirildi [12].

Natijalar. Olingan natijalar shuni ko‘rsatdiki, anor
po‘stida jami bo‘lib 16 ta aminokisatalar borligi aniglandi.
Ushbu aminokislatlardan: Asparagin, Glutamin, Gistidin,
Alanin, Glutamat, Triptofan, Fenilalanin meva po‘stida
aniglanmagan bo‘lsa Valin miqdori 0.1, Metonin - 0.1,
Serin 0.4, lzoleysin 0.4, Arginin 0.5, Prolinl.1, Lizin
1.2, Trianin 2.3 va Glitsin 4.5 ga teng ekanligi qayd etilgan.
Umumiy  aminokislotalardan  (almanimaydigan  va
almashinadigan aminokislatlar) Trianin  va Glitsin
boshqalarga nisbatan ko‘p ekanligi aniqlanib ularning
ulushi 21.7 va 42.5 % ni tashkil etdi. Mazkur navning
donida ham aynan shunday natija kuzatildi. Umumiy
aminokislatlarning yig‘indisi donda 77.3gr ga teng bo‘lgan
bo‘lsa po‘stida 10.6gr ni tashkil etdi. Anor donida umumiy
aminokislotalar ulushi 87.9 % ni, po‘stida- 12.1 % ni
tashkil etdi. Anor donida eng ko‘p wuchragan
aminokislatalardan deb Glitsin e’tirof etildi. Uning migdori
donda-28.4 (yoki42.5%)tashkil etdi. (1-rasm).
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1-rasm. Anor po ‘sti va donida aminokislatlar
migdori (100g mahsulotda, gramm hisobida).




Anorning “Qizil shirin” navi  po‘stida umumiy
aminokislatlar miqdori 34.6g/ga teng bo‘lgan bo‘lsa donida
-130.9 gr ga teng bo‘ldi. Ushbu ma’lumotlarni o‘zaro
solishtirganimizda mazkur navning po‘stida
aminokislotalarning ulushi 20.91 % ni donida 79.09 % ni
tashkil etdi. Aminokislotalardan Prolin miqgdori 4.5
grammga teng bo‘lgan bo‘lsa Lizin 4.7, Trianin 4.8 va
izoleytsin 13.6 ga teng bo‘lgan bo‘lsa donida Prolin 10.3,
Lizin 14.5, Trianin 37.4 va Glitsin 47.7 gr ga teng bo‘ldi.
Mazkur navda ham  nisbatan ko‘p  uchragan
aminokislotalardan Glitsin ekanligi aniglandi uning ulushi
meva po‘stida 40.2 % ni donda 36.4 % ni tashkil etdi.
(2-rasm)
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Qizil shirin

—e—Po'sti —e—urugi

2-rasm. Qizil shirin anor po ‘sti va donida aminokislotlar
miqdori (100gramm mahsulotda, gr hisobida).

“Qaraqayin” navida Lizin miqdori 11.7gr, Trianin
38.9 va Glitsin 55.4 gr ga teng bo‘lib, ularning ulushi
tegishli ravishda 7.7% , 25.7 va 36.6 % ni tashkil etdi.
Yugqoridagi ma’lumotlarga asoslanib, barcha anor navlari
po‘sti va donida Glitsin ulushi bashqalarga nisbatan ko‘p
bo‘ldi.

Qoraqayin urugida, gr

38,9

3-rasm. Qoragqayin anor po ‘sti va donida
aminokislatlar migdori (100g mahsulotda, g hisobida).

Shu bilan bir gatorda Aminokislotalar miqdori
“Qoragayin” anor navining gul va bargida ham aniglandi
(4-rasm). “Qoraqayin” anor navining gulida umumiy
aminokislotalar migdori 73.67gr ga teng bo‘lgan bo‘lsa
bargida esa bu ko‘rsatkich 142.31 gr ga teng bo‘ldi. Bunda
“Qoraqayin” anor navining gulida Serin miqdori 6.34 gr ga
teng bo‘lgan bo‘lsa, bargida 6.15 gr ga teng bo‘ldi. Prolin
tegishli ravishda: 6.49 va 8.75; Arginin-7.75; val0.9; Lizin-
7.89 va 47.26, Treonin 7.9 va 9.63 % hamda Glitsin 1,7.0
va 3521 % ni tashkil etdi. Ushbu ma’lumtlardan,
O‘rganilgan aminokislotalardan glitsin gul va bargida ko‘p
ekanligi aniglandi. Aynan bunday natija anor po‘sti va
donida ham gayd etilgan edi.

48

50
40
30
20

10

\\.‘

Guli Bargi

4-rasm. Qoragayin navining gul va bargida aminokislatlar
migdori (100g mahsulotda, g hisobida).

Umuman olganda, anor navlari aminokislatlar migdori
jihatidan bibr-biridan farg qildi. Anorning “Oq shirin”
navida Asparagin, Glutamin, Gistidin, Alanin, Glutamat,
Triptofan, Fenilalanin kabi aminokislatlar —aniglanmadi.
Quyidagi aminokislotalardan: Valin migdori 0.1 gr ga teng
bo‘lgan bo‘lsa Metonin-0.1, Serin 0.4, lzoleysin 0.4,
Arginin 0.5, Prolin 1.1, Lizin 1.2, Trianin 2.3 va Glitsin 4.5
gr ga teng ekanligi qayd etildi. Ushbu ma’lumotlardan
Glitsin aminokislatasi mazkur nav meva po‘stida boshqa
aminokislatlarga nisbatan ko‘p ekanlingi (ulushi 42% ni
tashkil etganligi) aniglandi. Aynan shunday natija mazkur
anor navining donida ham gayd etilib uning migdori 42.5 g
/100 (36.7 % ) ni tashkil etdi.

“Qizil shirin” navining meva po‘stida glitsin 40.2 % ni
va donida 36.4 % ni tashkil etdi. “Qoraqayin” navi donida
umumiy aminokislatlardan Trianin-38.9 (25.7% ) va
Glitsin-55.4 (36.6%) nisbatan ko‘p ekanligi aniqglandi.
“Qoraqayin” bargida umumiy aminokislatlarning ulishi
66.0% ni, gulida 34.0% ni tashkil etdi. Bunda Glitsin
aminokislatasi miqdori gulda 17.0 g/100 va bargda 35.61 g
/100 teng bo‘lib umumiy aminokislatlarga nisbatan ulushi
23-24 % ni tashkil etganligi aniglandi. Bu barcha anor
navlari  po‘sti, doni, gul va Dbargida Glitsin
aminokislotasining ulushi yuqori ekanligini ko‘rsatdi.

Almashinmaydigan aminokislotalardan Leysin  meva
po‘stida va donida aniqlanmgan bo‘lsa metionin miqdori
don po‘stida 0.7 va urug‘ida -0.1 g/100, Valin tegishli
ravishda 0.9; 0.4; Fenilalanin 1.1; 0.0; Triptofan 1.3; 0.4;
Arginin 3.0; 1.5; Izoleysin 3.0; 0.9; Lizin 4.7 va 3.0
Treonin 149 va 3.6 teng ekanligi gayd etildi.
Almashinmaydigan aminokislotalar umumiy miqdori anor
po‘stida 29,6gr donida 9,9 gr ga teng bo‘ldi. Bu anor
po‘stida almashinmaydigan aminokislatlar ulushi 75,0% ni,
donida 25,0% ni tashkil etganligi ko‘rsatdi. Bu
almashinmaydigan ~ aminokislotalar miqdori anor
mevasining po‘stida doniga nisbatan 3 barobarga ko‘p
ekanligini ko‘rsatdi.

Ma’lumki, ogsilning biologik giymati aminokislotali
skor(AS%) ko‘rsatkichi bilan baholanadi.Ushbu ko‘rsatkich
o0zig-ovqat mahsulotlari uchun qo‘llaniladi. Garchi anor
po‘sti, doni oziq-ovqatda qo‘llanilmasada aminokislotalarni
baholashda ushbu ko‘rsatkichdan foydalanildi. llmiy
manbalarda o‘simlik ogsillarida lizin,triptofan va treonin
limit aminokislatlardan ekanligi e’tirof etilgan.

Tadgiqot natijalari shuni ko‘rsatdiki, anorda lizim,
treonin va triptofan kabi almashinmaydigan aminokislatlar
faollashganligi aniqlandi. FAO ma’lumoti bo‘yicha lizin
miqdori 100g mahsulotda 5.5 g etib belgilangan bo‘lsa anor
po‘stida uning miqdori 4.7g yoki etalonga nisbatan 85.5%
ni donida- 3.0 (54.5%), gulda-7.9285.7%) va bargda




47.3(859.%) gr ga teng bo‘ldi. Aynan shunday natija
Treonin va Triptofan bo‘yicha ham qayd etildi. Bu anor
o‘simlida lizim, treonin va triptofan nisbatan ko‘p
uchraydigan metionni va valin esa limit aminokislatlardan
ekanligi e’tirof etildi. Yuqoridagi ma’lumotlar anor
mevasining po‘sti, doni, guli va bargida almashinmaydigan
aminokislotalar ~ faollashganligini ~ regenerativ.  anor
yetishtirish fiziologik, biokimyoviy asosga ega ekanligidan
dalolat berdi.

Xulosa. Anor po‘stida aminokislotalardan: Prolin-2.8,
Lizin-2.95, Trianin-3.55 va Glitsin miqdori 9.2 g/100 teng
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bo‘lgan bo‘lsa donida tegishli ravishda 8.0; 11.6; 2.3 va
43.8 ¢/100 teng ekanligi aniglangan. Umumiy
aminokislatlarning anor donida ulushi -72.6% ni uning
po‘stiga-27.4% ni tashkil etgan. Almashinmaydigan
aminokislatlarning ulushi meva po‘stida 75.0%, donida 25.
0% ni tashkil etgan. Ushbu aminokislatlardan Lizin
miqdori anor po‘stida 4.7 donda 3.0, Treonin tegishli
ravishda 14.9 va 3.6 gr/100 teng ekanligi gayd etilgan.
Regenerativ.  anor  yetishtirishda meva  po‘stidan
almashinmaydigan aminokislotalar olishda foydalanish
tavsiya etilgan.
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ONTUMMU3ALIMSA TPOLECCA DKCTPAKIUHU JIMTIU OB U3 HUCT ARTEMIA:
CPABHUTEJIbHBINA AHAJIN3
XaxubaeB KyBBat I'anneBuY — cmapuwuii Hayunviti compyonux

Bepanmoerosa I'yicapa EcenoBHa — 3a6edyiowas rabopamopueti 6U00p2aHuuecKoli Xumuu

Hypuea Max0y6a YpuHoaeBHA — M1a0wiull HAYYHbIL COMPYOHUK

AcemenoBa Hyp:xamaig SIkynéaeBHa — 6a306b1ii OoKmopanm
CaTumoBa Moxupa PamuaoBHa — Camocmosmenvbhbvlil COUCKameb
CwmeryiiiaeB Myxammenann JKyruHuCOBHY — cmaoicep ucciedosamens
Kapaxannaxckuii nayuno-uccie0o8amenbCkuil UHCMUMYm eCmeCcmeeHHbIX HaYK

Tayanch so‘zlar: artemia, sista, lipid ekstraksiyasi, Folch usuli, Bligh & Dyer, Soxhlet, akvakultura, optimallashtirish

Rezyume. Artemia (sho‘r suv qisqichbaqasi) sistalari akvakultura sohasida baliq va gisqichbaqasimonlar lichinkalari
uchun asosiy jonli oziga manbai bo‘lib, ularning ozigaviy qiymati asosan lipid miqdori va yog® kislotalari tarkibi bilan
belgilanadi. Lipidni to‘g‘ri va to‘liq ajratib olish usuli ilmiy natijalarning aniqligiga bevosita ta'sir qiladi, biroq adabiyotda
turli mualliflar turli ekstraksiya usullaridan (Folch, Bligh & Dyer, Soxhlet, sulfofosfovanillin) foydalanadi, bu esa
natijalarni bir-biriga solishtirishni giyinlashtiradi. Ushbu magolada 1985-2019 yillar oralig‘ida chop etilgan 11 ta ilmiy
manbadan (turli geografik hudud, shtamm va rivojlanish bosqichlari bo‘yicha jami 47 ta ma'lumot qatori) olingan umumiy
lipid miqdori va ekstraksiya usullari qiyosiy tahlil qilindi. Natijalar shuni ko‘rsatdiki, Folch usuli eng ko‘p qo‘llanilgan va
eng bargaror natija beruvchi oltin standart hisoblanadi, biroq quritilgan namunalar uchun Bligh & Dyer usuli lipidni to‘liq
ajratib ololmasligi (Soxhlet bilan solishtirilganda 30-45% past natija) aniglandi. Shu asosda Artemia sistalaridan lipidlarni
ajratib olishni optimallashtirish bo‘yicha bosqichma-bosgich protokol taklif etildi.

KuloueBble cjioBa: apTeMusi, LIMCTa, SKCTpakuus aunuaos, Mmeron Pomnpua, bnait u Haitep, Cokcnera, akBakyJibTypa,
ONITHMU3ALHS

Pe3tome. LlucTel apremun (apTeMHH) SBISIOTCS OCHOBHBIM MCTOYHHMKOM XKMBOTO KOpPMa JUIS JIMYMHOK PHIO U pakooO-
pa3HbIX B aKBaKyJIbType, a MX IHTATENIbHAs LIEHHOCTh B OCHOBHOM OIIPEJENSETCS COAEPKAHUEM JIMIHIOB M COCTAaBOM
KUPHBIX KHCJIOT. HpaBHJ’[BHBIﬁ W TOJHBIN METOZ OKCTPAKIHHN JIUITHUIO0B HAIIPAMYIO BJIUACT HA TOYHOCTH HAYYHBIX PE3YJIb-
TaTOB, HO B JIUTEpAType Pa3HbIe aBTOPHI UCIONB3YIOT pa3Hble MeToabl skcTpakunu (Ponpua, bnait n Jlaiiepa, Cokciera,
cynbhodhochoBaHIIUIMHA), YTO 3aTPYAHIET CPAaBHEHHE PE3YJIbTATOB MEXKIY coO0H. B maHHO# cTaThe mpencTaBieH CpaB-
HUTCIIBbHBIA aHAIIN3 O6HI€FO COACPIKAHU JIMITUAOB U METOIOB SKCTPAKIUH, ITOJTYYECHHBIX U3 11 HaYy4YHBIX HCTOYHUKOB (BCC-
ro 47 CTPOK JaHHBIX IO PAa3JIMYHBIM TeorpadUIecKuM pEerHoHaM, IITaMMaM M CTAIWSIM PAa3BUTH), OIyOJMKOBAHHBIX B
nepuon ¢ 1985 mo 2019 ron. PesymbraTsl mokaszanu, urto meron Porpya SBIAETCS HanOOJee MIMPOKO HCHOIB3YyEMBIM H
HanOosee HaJIe)KHBIM «30JI0THIM CTaHIAPTOM», HO JUIS BBICYIIEHHBIX 00pa3ioB Metos biait n Jlaiiepa okazaucs HEOIHBIM
B AKcTpakiuu tunuaoB (Ha 30—-45% nike, yem metox Cokcinera). Ha 3Toii ocHOBe GBI MPEAIOKEH MONIArOBBINA IPOTOKOI
ONITHMU3AIMHY SKCTPAKIMHU JIMIUI0B U3 IIUCT apPTEMUH.

Key words: artemia, cyst, lipid extraction, Folch method, Bligh & Dyer, Soxhlet, aquaculture, optimization.
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Summary. Artemia (brine shrimp) cysts are the primary live-feed source in aquaculture for fish and crustacean larvae,
and their nutritional value is largely determined by their lipid content and fatty-acid composition. The method used to
extract lipids has a direct impact on the accuracy of scientific findings, yet different authors in the literature employ
different extraction techniques (Folch, Bligh & Dyer, Soxhlet, sulfophosphovanillin), which complicates cross-study
comparison. In this paper, the total lipid content and extraction methods reported in 11 scientific sources published between
1985 and 2019 (covering various geographic regions, strains, and developmental stages, totaling 47 data rows) were
comparatively analyzed. The results showed that the Folch method is the most widely used and the most consistently
reliable, functioning as a "gold standard," whereas the Bligh & Dyer method was found to fail to fully extract lipid from
dried samples (yielding 30-45% lower results compared with Soxhlet cross-checks). On this basis, a step-by-step protocol
is proposed for optimizing lipid extraction from Artemia cysts.

Introduction. Members of the genus Artemia (brine
shrimp) are distributed across numerous saline water bodies
worldwide, and their dried cysts serve as the primary means
of feeding fish and crustacean larvae in the aquaculture
industry. The nutritional value of cysts and the nauplii
hatched from them depends first and foremost on their lipid
content and, within it, the amount of highly unsaturated
fatty acids (EPA, DHA). Accurate and complete extraction
of Artemia lipids is therefore one of the key factors
determining the quality of scientific research in this field. A
review of the literature shows that different researchers use
different methods to extract lipids - ranging from the classic
Folch [12] chloroform:methanol extraction to Bligh & Dyer
[13], Soxhlet extraction, and the sulfophosphovanillin
colorimetric method. Each of these methods differs in
operating principle, sensitivity, and efficiency depending on
sample condition (fresh, frozen, or dried), meaning that
sharply divergent lipid values can be obtained even for the
same geographic region or strain. The aim of this paper is
to combine the total lipid content and extraction methods
reported for Artemia cyst samples (as well as nauplius,
metanauplius, and decapsulated cyst samples) across 11
scientific sources published by various authors between
1985 and 2019 into a single unified table for comparative
analysis, to identify the strengths and weaknesses of each
method, and, on this basis, to develop scientifically
grounded recommendations for optimizing lipid extraction
from Artemia cysts.

Materials and methods. Source selection criteria. For
the analysis, 11 peer-reviewed scientific papers were
selected that quantitatively report the total lipid content of
Artemia sp. cysts (as well as nauplius/metanauplius stages)
and clearly describe the extraction method used. The
sources covered geographically diverse regions (Spain,
Algeria, the Aral Sea, lIran, Tunisia, the USA), which
allowed for broader generalization of the findings.

Comparative analysis methodology. The following
parameters were extracted from each source: author(s),
year, journal, sample type/stage, total lipid content (mean +
standard deviation), and the extraction/determination
method used. All data were entered into a single unified
table (11 sources, 47 rows) (Section 3, Table 1). Extraction
methods were grouped into four main categories: (1) Folch
[12] chloroform: methanol; (2) Bligh & Dyer [13]; (3)
Soxhlet extraction; (4) sulfophosphovanillin colorimetric
method. For each method, the sample condition
(moist/frozen/dried), frequency of use (number of papers
employing it), and relative efficiency (where available —
based on studies that directly compared several methods on
the same sample, notably Liou & Simpson, [7] were
compared. No statistical processing was applied — this is a
primary (descriptive) meta-analysis, the purpose of which is
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to qualitatively compare methods and identify directions for
optimization.

Results. Summary table. Table 1 Presents all 47 data
rows compiled from the 11 sources - total lipid content
together with the method used to determine it.

Table 1. All information on total lipid levels and their
determination from 11 sources.

Sample / .. | Extraction/
(S c;u r;:’; stage / ngiltgr?tl d determina- |Year
pap strain tion method
Navarro, frec.iﬁ\ll_vz;er 92+ Folch (1957)
Amat, 0.2% extraction + (1993
type (Great . - .
Sargent [1] Salt Lake) dry weight)| gravimetric
Navarro, ma|1_r:\r/1|(;rt_ | 179+ |Folch (1957)
Amat, (La Maﬁj 0.4 % extraction + (1993
Sargent [1] Spain) dry weight) | gravimetric
2.05+
Landau & San 1.21% Sulfophosp-
. Francisco hovanillin {1985
Riehm [2] . (of body
strain ; method
weight)
1.04 +
Landau & | Colombia | 0.55 % S#::%%Tﬁ?ﬁ' 1985
Riehm [2] strain (of body
. method
weight)
271+
Landau & | Australia 0.96 % Sulfaphasp-
. . hovanillin (1985
Riehm [2] strain (of body
. method
weight)
7.03 £
Sulfophosp-
0
Lz_andau & Utah strain 1.10% hovanillin (1985
Riehm [2] (of body
. method
weight)
Navarro, 16.7 + Folch (1957),
Amat, Cyst 0 3 % gravimetric |1991
Sargent [3] ' +GC
Navarro, 714 Folch (1957),
Amat, Nauplius 0 3 % gravimetric |1991
Sargent [3] ' +GC
Navarro, Folch (1957),
Amat, Metanau- 203 & gravimetric {1991
plius 1.1%
Sargent [3] +GC
Navarro, Decapsu- Folch (1957),
Amat, Iatedpc st 17.7+0.1 %| gravimetric {1991
Sargent [3] Y +GC
Navarro, |12 Spanish 9.5- E;ef]?gfld .
Amat, |populations | 17.85 % grap Y: 1992
Sargent [4] | (cysts) range exact me_thod
not specified
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Ama- Peykaran Cyst -
rouayache Mgrgzt;ne 13.79 % (i(g);lg(,:% 2017 Mana et | Meyghan 6677(; rSn(:a):ELedt 2014
etal. [5] al. [9] Lake 7
Ama- Peykaran Cyst -
rouayache Ezs—giﬁlsul 18.23 % (Flglsc% 2017 Mana et | Maharlu %%20;: ﬁf:;ﬂﬁ 2014
etal. [5] al. [9] Lake 27
Ama- Peykaran
rouayache| El-Bahira | 16.48 % (ig'g;‘) 2017| | Manaet [, Xt | T1S% 50x2|e; b014
etal. [5] al. [9] Urmia Lake 0.6 % metho
Ama- Sidi Peykaran Instar |
rouayache| Bouziane | 24.55% (i%lg% 2017 Mana et | nauplius - 1; f %/i So>$le(; 2014
etal. [5] | (highest) al. [9] | Meyghan -7 Metho
Ama- . Instar |
Bethioua Folch
rouayache (lowest) 7.78 % ags7) 2017 Pne\%/:ﬁ;agt nauplius - | 18.60 + Soxhlet |, ,
NEt al. [5] al. [o] Maharlu 1.1% method
avarro, TR highest
Amat, | Bonmati 19.420i (ESISC% 1992 Peykaran (Ingtar |) 1238+ Soxhlet
SaEg]ent (coastal) | 0.14% | o Vimetric Manaet | nauplius- | 3%, Cethod 2014
al. [9] Urmia '
avarro,
0
N Folch Pevkaran Decapsulated
Amat, La Mata 17.80 + (1957) 1992 Yy cyst - 11.87 + Soxhlet
Sargent | (coastal) 0.52 % gravimet7ric Manaet | oo 21 % method 2914
[6] a1 | (highest '
N{’Xa”?’ LaTrinidad | | 4o Folch Pevkaran l(\lagpliui
Sa?g]]gn,t (coastal, | <o (1957),  [1992 I\Xana ot | fromdecap.| 16.62+ Soxhlet |,
. H H - 0,
[6] lowest) gravimetric al. [9] Mgﬁztrlu 21% method
Navarro, Los Folch Ben
Amat, 15.57 ZAR 12.1+ Folch
Sargent '?gg?siggs 0.82 % grg/?ri?t}ic 1992 e'l\l ;}C?ljg] (lowest) 0.4% (1957) 2012
[6] '
Ben
Navarro Olmeda. BK 20.2 £ Folch
' . 9.52- Folch Naceur . 2012
Amat, Gerri 16.70 % (1957), 1992 et al. 10 (highest) 0.9% (1957)
Sargent | (7 inland range ravimetric
[6] populat.) 9 g NS::ur 11 16.8- Folch 2012
Liou & Freshly tal. 110 populations | 19.1 % (1957)
! hatched 179+  |Bligh & Dyer etal. [10]
Simpson lii / 1989 Ben
7] nauplii 9 mg/g (1959) Naceur (GSL, 18.0 + Folch h012
_ (control) etal. [10] reference) | 0.9 % (1957)
'é:?T:pr;n Freeze- | 176=8 |Bligh & Dyer |, oo Ben ADH 02
dried mg/g (1959) Naceur | (2002, 16.2 = Folch 10
Li [7]& etal. [11] lowest) 0.8 % (1957)
iou . .
. Vacuum- 163 +5 |Bligh & Dyer B ADH 03
Simpson X 1989 en
| dried | mglg | (1959) Neceur | (2003, | oo | O ot
i etal. [11 highest '
Ié!ou & Hot-air 134+ 6 |Bligh & Dyer 1989 BeL ] ghest)
IMPSON | 4ried ma/ 1959 ADH 04 17.9 + Folch
9/g (1959)
[7] Naceur | “o004)y | 1.2% ags7) (010
. Soxhlet etal. [11]
Liou & | Freeze-hot- 257-258 | extraction Ben
Simpson | air dried mglg  [supplementary 1989 Naceur ADH 05 17.7+ Folch 010
- 0
[7] cross-check) method) etal. [11] (2005) 1.1% (1957)
. 11.30% | Petroleum- Ben
. +
%2{2\':: ot Cyst—free | (moist) / |ether Soxhlet 2019 Naceur A(‘ZDO%(?)G 1)659% (I;%Ig]) 2010
al. [8] lipid (FL) | 12.13 % |extraction (24 etal. [11] '
' 12.14 (dry) h) Ben
: 2.23% Naceur | ADHO7T | 174+ Folch — bo10
Berdim- Cyst - CHCl;-MeOH (2007) 0.6 % (1957)
-~ | (NL0.65 : etal. [11]
betova et | bound lipid +GL034 extraction + (2019 - — -
al. [8] (BL) . silica-gel CC Com_paratlve eff|C|ency_ of extraction methods. Table _2
+PL 1.24) summarizes the four main extraction methods — their
Berdim- - frequency of use, suitable sample condition, relative
betova et '(I'Folfai Ig)S 14.36 % Sunrret(;]fok()j(;th 2019 | efficiency, and main limitations.
al. [8]
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Table 2. Comparative efficiency of extraction meth-
ods

Extraction [No. of| Sample | Relative Main
method papers|condition | efficiency limitation
Folch Fresh/ High, Requires large
etal. . volumes of
. frozen, |reproducible .
chloroform:| 8/11 toxic solvent,
decapsu- (gold :
methanol lated cyst | standard) time-
(2:1) Y consuming
Solvent pene-
_ tration is
H_|gh In hindered by
. moist/fresh .
Dried samples tissue
Bligh & 111 blorr_lass underesti shrlnkag_e
Dyer (various mates during drying-
methods) | . . 30-45% lower
in dried ield
samples y
compared
with Soxhlet
High tempera-
Highest and ture may
Dried Most increase the
Soxhlet 311 powdered| complete | risk of PUFA
extraction cyst, | (due to heat oxidation;
nauplius |+ prolonged time-
contact) consuming
(hours)
Not directly
gravimetric -
depends on a
S#cl)]:?aﬁnﬁ?ﬁ- Dried/ reF?JSitrés cholesterol
. 1/11 | freeze- d standard,
(colorimet- - little i,
. dried cyst sensitive to
ric) sample -
lipid-class
composition,
prone to error

Key findings. Total lipid content across all sources
ranged from 1.0% (Colombia strain, Landau & Riehm, [2]
to 24.6% (Sidi Bouziane, Amarouayache et al., [13]) — a
difference attributable to geographic location, strain type,
and, importantly, the extraction method used. In 8 of the 11
sources (73%), the Folch [12] method was used as the
primary or supplementary method — confirming its status as
the "gold standard. The direct comparison conducted by
Liou & Simpson [5] vyielded the most important
methodological finding: in dried samples, the Bligh & Dyer
[13] method gave 30-45% less lipid than Soxhlet extraction
(134-176 mg/g versus 257-258 mg/g), which was
attributed to the drying-induced "shrinkage™ of cell tissue
that prevents the solvent from fully penetrating. The
sulfophosphovanillin  colorimetric method (Landau &
Riehm, [2]), while fast and requiring little sample, produced
markedly lower absolute values (1.0-7.0%) than the other
gravimetric/GC-based methods — likely related to the
method's dependence on a cholesterol standard and its
sensitivity to lipid-class composition. The two-stage
approach (free + bound lipid) used by Berdimbetova et al.
[8] yielded the most complete lipid profile, but this method
is considerably longer and more complex, making it
unsuitable for rapid screening.

Discussion. The findings once again confirm the
absence of a single standardized protocol for extracting
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lipids from Artemia cysts. This situation makes direct
comparison of results across studies difficult and introduces
uncertainty into quality control in aquaculture practice.
Based on the analysis, the following directions for
optimization are proposed:

Choosing a method according to sample condition. For
fresh or freeze-dried cyst/nauplius samples, the Folch [12]
or Bligh & Dyer [13] methods provide sufficiently
complete extraction, since the cellular structure remains
intact and the solvent can penetrate the tissue freely.
Conversely, for hot-air-dried or long-stored dry samples,
Soxhlet extraction (or an extended-contact-time Folch
protocol) is recommended, since in such samples the cell
membrane has “shrunk" and simple cold-extraction
methods cannot fully release the lipid.

Proposed optimized step-by-step protocol.

Step 1 (sample preparation): hydrate cysts in seawater
— decapsulate following the method of Bruggeman et al.
(removal of the chorion layer) — rinse in distilled water
and dry gently (avoid hot-air drying beyond 48 hours, since
this can cause up to 25% lipid loss, Liou& Simpson, [7].

Step 2 (extraction): extract using the Folch et al. [12]
method in chloroform:methanol (2:1, v/v) with 0.01% BHT
antioxidant added, under a nitrogen atmosphere (to prevent
oxidation); if the sample has already been thoroughly dried,
supplementing with a Soxhlet stage (or extending contact
time to at least 6-8 hours) is recommended.

Step 3 (quantification): gravimetric weighing (on an
analytical balance, £0.1 mg precision) should be used as the
primary method, while colorimetric methods such as
sulfophosphovanillin  should be wused only for rapid
screening, with subsequent gravimetric confirmation.

Step 4 (quality control): confirmation using at least two
independent methods (e.g., Folch + Soxhlet) is recom-
mended for each batch, especially when analyzing dried
samples — as shown by Liou & Simpson [7], this allows
methodological errors (of up to 30-45%) to be detected.

Step 5 (storage): store the extracted lipid at —20°C under

a nitrogen atmosphere with BHT antioxidant in
chloroform:methanol (2:1) solution — this prevents
oxidation and quality degradation [1].

Limitations. This analysis relies on secondary

(literature-based) data, and therefore the exact experimental
conditions (temperature, time, sample mass) used in the
original studies were not fully controlled for. Future studies
that directly compare all four methods on the same Artemia
batch (with statistical validation) would further refine the
optimal protocol.

Conclusion. The comparative analysis conducted on the
basis of 11 scientific sources shows that the Folch method
remains the most reliable and widely used technique for
extracting lipids from Artemia cysts, although it must be
adapted to sample condition (moist versus dried). It was
found that the Bligh & Dyer method yields significantly
lower results for dried samples (30-45% lower compared
with Soxhlet), demonstrating the critical effect of the drying
process on extraction efficiency. The proposed five-step
optimized protocol (preparation — adapted extraction —
gravimetric confirmation — dual-method quality control —
antioxidant-protected storage) can help improve the accura-
cy and reproducibility of results in Artemia lipid research,
as well as improve the comparability of findings across
different studies.
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Tayanch so‘zlar: chidamlilikka yugurish, ortigcha yuklamali jarohatlar, harakatlar asimmetriyasi, biomexanik tahlil,
jarohatlarning oldini olish, maxsus chidamlilik.

Rezyme. Ortiqcha yuklamali jarohatlanishlar o‘rta va uzoq masofalarga yuguruvchilarda sport ish qobiliyatining
pasayishi, mashg‘ulotlarni o‘tkazib yuborish va natijalar yomonlashishining asosiy sabablaridan biri bo‘lib qolmoqda.
Zamonaviy tadgiqotlar shuni tasdiglaydiki, harakatlarning biomexanik asimmetriyasi yugurish texnikasidagi jarohatli
o‘zgarishlarning muhim prediktori hisoblanadi. Ushbu maqolaning maqsadi harakatlar biomexanik assimetriyasini tahlil
gilish va moslashtirilgan tuzatish mashglari asosida ortigcha yuklamali jarohatlar oldini olish ilmiy asoslangan modelini
ishlab chigishdan iborat. Tadgiqotda 30 nafar malakali yuguruvchilar ishtirok etib, ularga texnikani video va
kinematografik tahlil qilish, funksional testlash va asimmetriyani baholash o‘tkazildi. Olingan ma’lumotlar shuni
tasdiglaydiki, biomexanik monitoring va texnikani magsadli tuzatishni joriy etish jarohatlanish xavfini sezilarli darajada
kamaytiradi va sport samaradorligini oshiradi.

KiaroueBble cjoBa: Oer Ha BBIHOCJIUBOCTD, IMCPErpy304YHbIC TpaBMbl, aCUMMCTPHUS ,E[BH)KGHI/Iﬁ, OHMOMEXaHUYECKUI
aHaJIu3, HpO(l)I/IHaKTI/IKa TpaBM, ClicuajibHasi BBIHOCIIUMBOCTb.

Pe3tome. [leperpy3odnsie TpaBMbI OCTAIOTCS OJHOW U3 BEIYLIMX MPUYMH CHHKEHUs CIOPTUBHOM paboTOCOCOOHOCTH,
MIPOITYCKOB TPEHUPOBOK M YXYIUIEHHsI pe3yJIbTaTOB Yy OEryHOB Ha CpeIHHE W JUIMHHBIE AucTaHiuu. COBpeMEHHbIE
HCCIICAOBaHUA TOATBEPXKIAOT, YTO 6I/IOMexaHI/IquKa${ ACUMMETpPUA I[BI/I)KGHI/Iﬁ ABJIACTCA BaXXHBIM NPEAUKTOPOM
TPaBMOOTIACHBIX M3MEHEHUH TeXHUKH Oera. Llenpro maHHOM cTaThu sABIsSETCS pa3paboTka HAyYHO-OOOCHOBAaHHOW MOJIEIH
MpOoGUIAKTHKY EPErPY30UHBIX TPABM HA OCHOBE aHA/IN3a OMOMEXaHHMUYECKOW aCHMMETPHHU JBH)KCHHUI M aJanTHPOBAaHHBIX
KOPPEKIMOHHBIX yNpakHeHHH. B mccnenoBanun npuHsun ydactue 30 KBaqupUIMPOBAHHBIX OCTYHOB, KOTOPBIM ObUIN
IIPOBEACHBI BUJCO- U KI/IHeMaTOFpa(bI/I‘IGCKI/Iﬁ aHaJIn3 TCXHUKH, q)YHKLlI/IOHaJ'IbHOC TCCTUPOBAHUC W OLICHKA aCUMMETPHUH.
HOJ‘Iy‘IeHHBIe JAaHHBIC NOATBEPIKAAIOT, YTO BHEAPCHUC OMOMEXaHUYECKOTO MOHHMTOPHUHTA U LIGJ'IGBOI\/'I KOPPEKIHU TECXHUKH
3HAYUTCIIbHO CHUIKACT PUCK TPpaBMAaTU3Ma U MOBLIIIACT CIIOPTUBHYIO PE3YJIbTATUBHOCTD.

Key words: endurance running, overload injuries, movement asymmetry, biomechanical analysis, injury prevention,
special endurance.

Summary. Overload injuries remain one of the leading causes of decreased athletic performance, missed training, and
deterioration of results in middle and long-distance runners. Modern research confirms that biomechanical movement
asymmetry is an important predictor of traumatic changes in running technique. The purpose of this article is to develop a
scientifically based model for the prevention of overloaded injuries based on the analysis of biomechanical asymmetry of
movements and adapted corrective exercises. 30 qualified runners participated in the study, who underwent video and
cinematographic analysis of technique, functional testing, and assessment of asymmetry. The obtained data confirm that the
implementation of biomechanical monitoring and targeted correction of technique significantly reduces the risk of injury
and increases sports performance.

Kirish. O‘rta va uzoq masofalarga yugurish harakatlarni Turli xil mashg‘ulot dasturlari va jarohatlarning oldini
yuqori samarali muvofiglashtirishni, yurak-qon tomir olish mavjudligiga garamay, sport tayyorgarligi amaliyotida
tizimining bargaror ishlashini va organizmning energiya harakatlar assimetriyasini tashxislash va tuzatishga
resurslarini optimal tagsimlashni talab qiladi. Birogq, yetarlicha e’tibor berilmaydi.
takroriy siklik harakatlar, aynigsa yuqgori intensivlik va Boshga tomondan, zamonaviy videotahlil, stabilomet-
mashg‘ulotlar hajmi bilan, haddan tashqgari yuklamali riya va funksional testlash texnologiyalari texnikadagi
jarohatlar xavfini sezilarli darajada oshiradi, bu Thomas yashirin og‘ishlarni dastlabki bosgichlarda aniglash
J.R. (2019) va Sandbakk O., Holmberg H.C. (2017) imkonini beradi, bu esa jarohatlarning oldini olishni yanada
tadgiqotlari bilan tasdiglangan. Shikastlanishga moyillik  ilmiy asoslaydi.
tug‘diruvchi omillar orasida harakatlarning biomexanik Sport tayyorgarligi me’yorlari va tadqiqotlariga sharhlar
asimmetriyasi — tayanch-harakat apparatiga yuklamalar  shuni ko‘rsatadiki, qo‘l jarohatlarining oldini olish sport
tagsimlanishiga ta’sir etuvchi tananing o‘ng va chap tibbiyoti, biomexanika va mashg‘ulot nazariyasini
tomonlari kinematikasi va kinetikasidagi farq alohida o‘rin  birlashtirishni talab giladi [6]. Ushbu tadgigot chidamlilik
tutadi [8, 9]. bo‘yicha yuguruvchilarda jarohatlanishni kamaytirishga
e ———
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yordam beradigan monitoring va tuzatish modelini ishlab
chigishga qaratilgan.

Materiallar va usullar. Tadgigotda 18-25 yoshdagi
kamida 3 yillik muntazam mashg‘ulot tajribasiga ega
bo‘lgan 30 nafar yuguruvchi ishtirok etdi [4, 5].
Sinaluvchilar ikki guruhga bo‘lingan:

- nazorat (NG, n = 15) - standart tayyorgarlik;

- eksperimental (TG, n = 15) - biomexanik tahlil va
texnikani tuzatishni joriy etish bilan.

Biomexanik asimmetriya diagnostikasi

Yugurish yo‘lakchasida frontal va sagittal proyeksiya-
lardagi texnikalarning video tahlili [1].

Qadam uzunligi, tos-son, tizza va to‘piq bo‘g‘imlarida
bukilish/yozilish burchaklarini baholash.

Tayanch simmetriyasi va yuk tagsimlanishini baholash
uchun stabilometriya.

Asimmetriya koeffitsiyenti chap va o‘ng tomon para-
metrlarining umumiy o‘rtacha qiymatga nisbatan farqi
sifatida hisoblangan.

Funksional testlash.

VO2max ni aniglash (laboratoriya yoki dala testi);

Yuklamalargacha, yuklamalar paytida va yuklamalardan
keyingi YUQS;

Laktat-test standart yuklamadan 3 daqiqa o‘tgach.

Tuzatish dasturi.

Quyidagi mashqglardan foydalanildi:

- muvozanat va tenglik (platformalar, yalang to‘plar);

- yugurish mashqlarini simmetrik bajarish;

- po‘stloq va oyoq mushaklarini kuch bilan bargaror-
lashtirish.

Statistik ishlov berish.

Ma’lumotlarni qayta ishlash uchun Styudentning t-
mezoni qo‘llanildi; farqlar p<0.05 ahamiyatlilik darajasida
ishonchli deb hisoblandi [2, 3].

Natijalar:

Harakatlar asimmetriyasi.

Tajribadan oldin 80% ishtirokchilarda o‘ng va chap
oyoq o‘rtasida > 10% darajasida tizza bo‘g‘imida bukilish
burchaklarining yaqqol asimmetriyasi aniglandi.
Korreksiyadan so‘ng TGda ko‘rsatkichlar 27,4% ga
kamaydi (p<0,05), NGda o‘zgarishlar statistik ahamiyatga
ega bo‘lmadi.
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Funksional ko‘rsatkichlar

Ko‘rsatkich NG TG p
(oldin—keyin) | (oldin—keyin
VO,max 60 — 61 61 — 66 <0.01
(ml/kg/daqiqga)
Laktat 10,1 - 9,8 10,2 — 8,1 <0.01
(mmol/l)
YUQSmaks 190 — 188 191 —» 184 | <0.05
(zarba/daq)
Sport natijalari
Masofa NG TG
yaxshilanishi | yaxshilanishi
(%) (%)
1500 m. yugirish +1.5 +5.1
5000 m. yugirish +1.2 +4.3

TGda sezilarli yaxshilanishlar (p<0.05) modelning sa-
maradorligini tasdiglaydi.

Muhokama. Olingan natijalar shuni tasdiglaydiki,
biomexanik asimmetriya jarohat xavfi texnikasining
dastlabki belgisi bo‘lib xizmat qiladi va mashg‘ulot
ta’sirlari samaradorligining pasayishi bilan bog‘liq (Sand-
bakk O., Holmberg H.C., 2017). Asimmetriyani bartaraf
etish aerob va anaerob ko‘rsatkichlarning yaxshilanishiga,
laktat miqdorining kamayishiga va harakatlar tejamkor-
ligining oshishiga olib keladi.

VO,max va sport natijalarida kuzatilgan yaxshilanishlar
Joyner M.J., Coyle E.F. (2017) ma’lumotlariga mos
keladi, bu yerda texnikani individual tahlil gilish va
shaxsiylashtirilgan tuzatishlar chidamlilikni oshirishga
yordam berdi.

Asimmetriya monitoringiga asoslangan profilaktika
dasturlari shikastlanish chastotasini 25-35% ga kamayti-
rishga qodir, bu Thomas J.R., Nelson J.K., Silverman S.J.
(2019) natijalariga mos keladi.

Xulosa. Harakatlarning biomexanik asimmetriyasi o‘rta
va uzoq masofalarga yuguruvchilarda ortigcha yuklamali
jarohatlar xavfining muhim omili hisoblanadi.

Asimmetriya tahlili va korreksion dasturni joriy etish
funksional va sport ko‘rsatkichlarini sezilarli darajada
yaxshilaydi.

Tavsiya etilgan jarohatlar profilaktikasi modeli sport
maktablari va terma jamoalarning mashg‘ulot jarayonlariga
samarali integratsiya qilinishi mumkin.
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TPODPUKO-3KOJOTI'NYECKAS XAPAKTEPUCTUKA II'EJIbMUHTO®AYHBI IIOJTOPOT'UX (BOVIDAE)
(HA ITPUMEPE KAPAKAJIITAKCTAHA)
Yoounusnszosa Kamuiaa KomexkdaeBHa — doxkmop gunocogpuu duonocuueckux Hayk, 00yerm
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TROPHIC AND ECOLOGICAL CHARACTERISTICS OF THE HELMINTH FAUNA OF BOVIDAE:
A CASE STUDY OF KARAKALPAKSTAN
Ubbiniyazova Zhamilya Komekbaevna — Doctor of Philosophy in Biological Sciences, Associate Professor
Nukus State Pedagogical Institute named after Ajiniyaz

Tayanch so‘zlar: gelmintlar, quvushshoxli hayvonlar, Qoraqalpog‘iston, trofik va ekologik omillar, parazitofauna,
nematodalar, sestodlar, trematodalar.

Rezyume. Maqolada Qoraqalpog‘iston hududida tarqalgan quvushshoxli hayvonlar (Bovidae) gelmintlar faunasining
shakllanishiga ta’sir etuvchi trofik va ekologik omillar tahlil qgilingan. Tadgiqotlar natijasida uy (Ovis aries dom., Capra
hircus dom., Bos taurus dom.) va yovvoyi (Saiga tatarica, Gazella subgutturosa) quvushshoxli hayvonlarda uchraydigan
36 turdagi gelmintlar aniglanib, ularning yuqish mexanizmlari bo‘yicha tasnifi ishlab chiqildi. Gelmintlarning tur tarkibini
tahlil qilish asosida, oxirgi xo‘jayin zararlanishida topik bog‘lanishlarning ustunligi aniglandi. O‘rganilgan parazitlarning
hayot tsikllarida trofik alogalarning yo‘qligi, quvushshoxli hayvonlar gelmintofaunasining yaylovlarda oziglanishiga
bog‘liq evolyutsion moslashganligidan dalolat beradi.

KiroueBblie cioBa: TCJIBMUHTBI, IMOJOPOrue XMBOTHBIC, KapaKaJ'IHaKCTaH, TpO(bI/I‘IeCKI/Ie 1 3KOJIOTHYCCKUEC Q)aKTOpLI,
napa3uTbl, HEMATObl, ICCTOAbI, TPEMATOAbI.

Pe3iome. B crartbe paccMaTpuBarOTCS TPOPHUKO-IKOJIOTHYECKHEe OCOOCHHOCTH resibMUHTO(AyHbI monoporux-Bovidae
JKHBOTHBIX KapaKannaKCTaHa. B pe3yabTare I/ICCJ'IGZ[OBaHI/Iﬁ BBIABICHO 36 BUAOB T'CJIBMUHTOB, BCTPCYANOIIUXCA Y
nmomamuux (Ovis aries dom., Capra hircus dom., Bos taurus dom.) u muxux (Siga tatarica, Gazella subgutturosa)
MPECTaBUTENICH MOJOPOTHX JKUBOTHBIX, U pa3pabOTaHa MX KiIacCU(pHKAIMS M0 MEXaHM3MaM Iepenavyd WHBasuu. Ha
OCHOBC aHajin3a BHUJOBOTO COCTaBa T'CJIBMHUHTOB ONPEACIICHA MNPHOPUTETHAA POJIb TOIMUMYECCKUX CBS3EH B TMOpaXCHUMN
OKOHYATCJIBbHOI'O XO3sAHHAa. OTCyTCTBI/Ie TpO(I)I/I‘IeCKI/IX CBSI3€ B KM3HEHHBIX OUKJIaxX HMCCICAYEMbBIX TIapa3uToB
CBUIETENIBCTBYET 00 IBOIIOIMOHHON aJalTallii FeIbMUHTO(AaYHBI TOJIOPOTHX KUBOTHBIX K MACTOUIIIHOMY THUITYy TUTAHUS.

Key words: helminths, bovids, Karakalpakstan, food and ecological factors, parasites, nematodes, cestodes, trematodes.

Summary. The article examines the trophic and ecological characteristics of the helminth fauna of bovidae in
Karakalpakstan. As a result of the research, 36 species of helminths found in domestic (Ovis aries dom., Capra hircus
dom., Bos taurus dom.) and wild (Saiga tatarica, Gazella subgutturosa) representatives of ungulate animals were
identified, and their classification based on their transmission mechanisms was developed. Based on the analysis of
helminth species composition, the priority role of topical connections in the destruction of the final host was determined.
The absence of trophic links in the life cycles of the studied parasites indicates the evolutionary adaptation of the helminth
fauna of hollow-horned animals to the pasture type of nutrition.

Kirisiw. Qaraqalpagstannin qurgaqshiliq hawa rayi, Parazitologiyaliq tekseriwler gelmintologiyada uluwma
jaylawlardin mawsimlik 6zgeriwi ham suw resurslarinin  qabil etilgen klassikaliq usillar tiykarinda alip barildi [2, 3,
sheklengenligi gelmintlerdin tarqaliwina sezilerli tasir etedi. 4, 5, 8].

Gewekshaqglilar ~ (Bovidae) gelmintofaunas1  tabiygly Daslepki materiallar Qaraqalpaqstan Respublikasinin
ekosistemalardin ahmiyetli komponenti bolip esaplanadi.  Kegeyli, Bozataw, Taxtakopir, Qonirat, Moynaq,
Olar xojaym organizm, parazit ham sitqr ortalig  Amiwddrya ham Tortkal rayonlarindagi mal soyiw
ortasindagr quramali ekologiyaliq qatnaslardi sawlelen-  punktlerinde jiynaldi. Invaziya darejesi ham gelmintlerdin
diredi. tarlerin aniqlawda eki turli usilllardan paydalanildi:

Uy haywanlar1 (Ovis aries dom., Capra hircus dom., K.l.Skryabin (1928) metodikast boynsha [9] toliq
Bos taurus dom.) ham jabay1 (Saiga tatarica, Gazella gelmintologiyaliq jarip koriw usili menen 37 bas qarakol
subgutturosa) tarler arasindagi ekologiyaliq baylanislar  ndsilli qoy, 35 bas jergilikli nasilli eshki hdm 19 bas har
parazitlerdin tabiyiy aylanisin tdmiyinleydi ham infekciya qiyli nasilli garamallar tekseriwden otkerildi ham toliq
dereklerin keneytedi. bolmagan gelmintologiyaliq jarip koériw usili: taflanbanin

Material ham metodlar. Izertlew jumislar1 2020-2025-  reprezentativligin arttirrtw magsetinde 116 bas garamal ham
jillar dawaminda Qaraqalpagstan Respublikasimin turli 250 bas mayda shaxli haywanlardin ayirim agzalar
rayonlarindagi mal sharwashiliq xojaliqlari1 ham tabiyiy  tekseriwden otkerildi [9].
ekosistemalarinda amelge asirildi. Jumistin magqseti tty ham Jumis dawaminda aymaqtin tabiyily biotoplarinda
jabay1 gewekshaqli haywanlar (Bovidae) tuqimlasina tiyisli ~ jasawshi jabay1 tarlerdin parazitlik sistemalarin monitoring
tarlerdin  gelmintofaunast qurami  ham  trofikaliq- etiwge ayrigsha itibar qaratildi. Dala izertlewleri
ekologiyaliq 6zgesheliklerin uyreniwden ibarat boldu. shenberinde 11 bas saygaq (Saiga tatarica) ham 13 bas
—_—— i
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jeyran (Gazella subgutturosa) izertlendi. Bul turlerdin
izertlewge tartiliwi jaylawlardagi jabayr ham uy haywanlari
arasinda invaziya almasiwin baqlaw imkaniyatin jaratti.
Trofikalig-ekologiyaliq qatnas tiykarinda parazitler ham
xojaynler arasindagi aziq shinjirt baylanist tyrenildi.

Natiyjeler ham talqilaw. Otkerilgen parazitologiyaliq
tekseriwler  natiyjeleri  Qaraqalpagstan  Respublikasi
aymagindagt mal sharwashiliq hadm jabayr tabiyat
ekosistemalarinda gelmintozlardin tarqaliwi joqar1 darejede
ekenligin korsetti [1, 10, 11].

Izertlewler analizi somi korsetti, Uy haywanlarinin
gelmintler menen ziyanlamiwi turlerge qarap har qiyh
korinedi: qoylarda invaziya darejesi 100% ti, eshkilerde
75% ti ham qara mallarda 70% ti quradi. Sonday-aq, jabay1
trler — saygaq (Saiga tatarica) ham jeyran (Gazella
subgutturosa) populyaciyalarinda da gelmintoz benen
ztyanlanmw korsetkishleri joqar1 ekenligi atap 6tildi.

Tekserilip atirgan gewekshaqli haywanlardan jami 36

tardegi gelmintler aniqlandi. Taksonomiyaliq jaqtan
analizlengende,  gewekshaqli  haywanlar  (Bovidae)
tuqumlasina  tiyisli  tarlerdin  gelmintler faunasinda
Nematoda klasina tiyisli gelmintler dominant topar

sipatinda (24 tur; 67%). Bul jagday nematodalardin tarli
ekologiyaliq sharayatlarga beyimlesiwshenligi, rawajlaniw
ciklinin har turliligi, araliq ham tiykargi xojayinlar menen
ken trofikaliq baylanislarga iye ekenligi menen tusindiriledi
[12]. Cestoda ham Trematoda toparlar1 bolsa saykes turde
22% ham 11% ulesti qurap, gelmintofauna quraminda
ekinshi darejeli orindi iyeledi (1-suwret).

Qaraqalpagstan sharayatinda gewekshaqli (Bovidae)

haywanlarinin gelmintler menen ziyanlanw kérsetkishi

Gelmintler klaslari boyinsha tiarler sanit ham ulesi

Nematodalar dominant topar
67% sipatinda gelmintofaunanifi
70% (24 tar) Glken bélegin qurap (67%),
cestodalar (22%) ham
trematodalar (11%) ekinshi
darejeli onindi iyeledi.

Ulesi (%)

Cestoda Trematoda

Gelmintler klassi

Nematoda

mi: 36 tar

1-suwret. Qaraqalpagstan sharayatinda gewekshaqli -

Bovidae haywanlarinin gelmintler menen ziyanlaniw

korsetkishi

Zamanagdy parazitologiyada xojayin organizmlerdin
invaziya joli parazit ham sirtqr ortaliq arasindagi
ekologiyaliq baylanis (trofik, topik ham forik) sipatlarina
qarap klassifikaciyalanadi. Usi klassifikaciyaga muwapiq
[7], gelmintler menen ziyanlaniw jollar1 tort toparga
ajiratiladi: (1) alimentar jol (araliq yamasa rezervuar
xojayinlar arqali); (2) azig-awqat ham suwdin pataslaniwi;
(3) perkutan jol (aktiv kirip bariw); (4) araliq xojeyinler
qatnasiwinda jugatugin invaziyalar.

Uluwma biologiyaliq kézqarastan, birinshi topar
mexanizmleri trofikaliq baylanislardin amelge asirihiwin
bildirse, ekinshi, ushinshi ham tértinshi toparlar topik ham
de ayirim forik 6z ara tasirler menen baylanisl.

Aymagqtagr  gewekshaqlilar  (Bovidae) gelmintler
faunasin tallaw natiyjeleri trofikaliq shinjirlar arqali
cirkulyaciyalaniwshi gelmintlerdin dominantliq etpeytu-
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gihigin korsetti. Haywanlardin invaziyalaniwi tiykarman
topikaliq (ekologiyaliq) baylanislar arqali amelge asadi. Bul
jagday regiondagi epizootologiyaliq jagday birinshi gezekte
sirtqr ortaliq faktorlart — abiotikaliq sharayatlar (topiraq,
suw darekleri) hdm haywanlard1 saqlawdag: sanitariyaliq-
gigienallq jagday menen belgilenip, geogelmintozlardin
tarqaliwina tiykar jaratatugimmligman derek beredi. Solay
etip, gelmintlerdin tarqaliwinin topik mexanizmi regiondagi
gewekshaqglilar gelmintofaunasinin  tarler qurami  ham
invaziya dinamikasin belgileytugin tiykargi faktor bolip
tabilad1 (1-keste).

1-keste. Xojeyin organizmlerdin invaziyalq jollari

Tar sam

Cestoda | Trema
toda

Xojeyinge
jugiw
mexanizmleri

Nema-
toda

Jami

Trofik baylamslar

Haywanlar -
aziq-awqat
obyekti
sipatinda

Topik baylamslar

Mayek
yamasa
lichinkalardin
tosattan
jutiliwi

27 4 3 20
(75%) | (11.1%) | (8.3%) | (55.6%)

Lichinkalard:
araliq 6 4 2

xojeyinleri 0 0 - 0
menen (16.6%) | (11.1%) (5.5%)

tosattan jutiw

Lichinkalard1 1 1

n teri arqali 0 . . i
aktiv kiriwi | (27%) (2.7%)

Janlikler
arqalt jugiw 2 2

(shekiriw/aziq | (5.5%) (5.5%)

laniw)

Otkerilgen izertlewler natiyjesinde gelmintler faunasi
quraminda invaziyanin tiykargi joli sipatinda kontaminir-
lengen ortaliq arqali jugiw ustinlik etedi (shama menen
75%). Bul toparga 4 tOr cestodalar (Taenia hydatigena,
Echinococcus granulosus, Multiceps multiceps, Taenia
saginata) — 11,1%, 3 tr trematodalar (Fasciola gigantica,
Cotylophoron calicophorum, Gastrothylax crumenifer) —
8,3%, jane 20 tGr nematodalar (Trichocephalus ovis,
Trichocephalus skrjabini, Chabertia ovina, Trichostron-
gylus axei, Trichostrongylus vitrinus, Haemonchus contor-
tus, Marshallagia marshali, Marshallagia mongolica,
Nematodirella longissimespiculata, Nematodirella cameli,
Nematodirus  helvetianus,  Nematodirus  oiratianus,
Nematodirus gazellae, Ostertagia ostertagi, Teladorsagia
circumcicta, Dictyocaulus filaria, Dictyocaulus eckerti,
Dictyocaulus viviparus, Skrjabinema ovis, Skrjabinema
caprae) — 55,6 % kiredi.

Lichinkalard: araliq xojeyinleri menen tosattan jutiw
arqali jugatugin gelmintler 16,6% ti quraydi. Bul toparga 4
tar cestodalar (Moniezia expansa, Moniezia benedeni,
Avitellina centripunctata, Thysaniezia giardi) ham 2 tar
nematodalar (Gongylonema pulchrum, Paramphistomum
skrjabini) kiredi. Trematodalardan tek gana Schistosoma
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turkestanicum (2,7%) wakilleri teri arqal aktiv kirip keliw  sheklengen aymagqlarda tigizlasiwina alip keledi. Bul jagday
(perkutanoz) joli menen jugiwi aniglangan. invaziya dereklerinin ogada joqar1 darejede pataslamwina

Shibin-shirkeyler ~ shagiwi  arqali  lichinkalardin ~ hdm epizootiyaliq jagdaydin keskinlesiwine sebep boladi.
xojayinge jugiwi yamasa onda aziglamwi joli menen Uy ham jabayr gewekshaqli (Bovidae) haywanlar
invaziya 2 tur nematoda (5,5%) da baqlanip, olar  gelmintlerinin faunistikaliq kompleksi aniq taksonomiyaliq
mikrofilyariyalar basqishinda qan soritwshi eki qanatli  har tarlilik penen xarakterlenip, ol Cestoda, Trematoda hdm
shibin-shirkeyler arqali jugadi. Bul toparga Setaria Nematoda klasslar1 wakillerin 6z ishine aladi. Parazito-
labiatopapillosa ham Skrjabinodera saiga kiredi [6]. tsenozdin uluwma duzilisi 36 tardi quraydi, bul bolsa

Alingan natiyjeler son1 korsetedi, izertlew aymaginda  uyrenilgen ekosistemalarda invazion agentlerdin cirkulya-
gelmintozlardin targaliwinda antropogen ham ekologiyaliq  ciyasina tiyisli 6zine tan 6zgesheliklerdi sawlelendiredi.
faktorlar (kontaminirlengen ortaliq) sheshiwshi dhmiyetke Izertlew natiyjeleri som korsetedi, gewekshaqlilar
iye. Bul jagday, asirese, nematodalardin joqari procentte  gelmintofaunasinin qaliplesiwinde topikaliq baylanislar
ushirastwi menen tasindirilip, mal sharwashiliqta degelmin-  absolyut ustinlik etedi. Bul jagday haywanlardin aziglaniw
tizaciya ilajlarin dyne usi toparga qarsi kusheytiwdi talap  racioni (fitofagiya) ham olar jasaytugmn biotoptin
etedi. ozgeshelikleri menen tig1z baylanishi. Qaraqalpagstan

Juwmag. Qaraqalpagstan Respublikast aymaginda aymagmin qurgaq (arid) klimatinda gelmintlerdin sirtqi
gelmintofaunamn  qaliplesiwi  Amiwdarya deltasindagi  ortaliqta (topiraq ham otlaglarda) saqlanip qaliwi quramali
ekologiyaliq transformaciya processleri menen tig1iz  biologiyaliq beyimlesiwlerdi talap etedi. Alingan natiyjeler
baylanishi. Suw darejesinin  O0zgeriwi ham tabiyity  Qaraqalpaqgstan aymagindag jaylawlardi degelmintizaciya-
ekosistemalardin  degradaciyas1  jaylaw  siyimliginin  law ham monitoring etiw iljlarin islep shigiw ushin ilimiy
qisqariwina, bul bolsa 6z gezeginde sharwa mallarinin  tiykar bolip x1zmet etedi.

Adebiyatlar

1. AsumoB I.A., Jamaes C.JI., AxpamoBa ®.J[., CamapoB K.A. ['eJIbMHUHTBI KBauHBIX JKHBOTHBIX Y30EKHCTaHA.
— Tamxent: «®any», 2015.

2.  boes C.H., Cokonosa W1.b., ITanun B.A. I'ensMuUHTEI KONBITHBIX KUBOTHBIX Kaszaxcrtana. — Anma-Ara: M3a. AH
Ka3CCP, 1962. T.1.

3. Hpamkun B.M., Myxamagnes C.A. OnpenennuTtens reTbMUHTOB KPYITHOTO poraToro ckora. -Mocksa: «Hayxkay,
1981.

4. UWeamkwuna B.M., Xpomora JI.A. Hematonbl cembCKOXO3SHCTBEHHBIX KHBOTHBIX W WX IEPCHOCUYUKHU-IBYKPBLIBIC.
/I - Mockgsa: «Haykay, 1983.

5.  Mpamkun B.M., Opunos A.O., Conun M.J[. Onpenenutens IeIbMUHTOB MEJIKOIO POraToro ckora. -MockBsa:
«Haykay, 19809.

6. Kaounos T.K. 'ebMUHTBI 1TO3BOHOYHBIX XXMBOTHBIX Y30€KHCTaHa, Pa3BUBAIOLIMECS C Y4aCTHEM HACEKOMBIX.
— Tamkent: U3gatensctBo Pan Y36ekckoit CCP. 1983.

7. Konrpumasuuyc B.JI. I'enpMuHTOdayHa KyHBHX U ITyTH ee popmupoBanus. -Mocksa: «Hayka», 1969.

8. Korenpuukos I'.A. J[narHocTHKa TreJIbMUHTO30B )HUBOTHBIX. — MockBa: «Koiocy, 1976.

9. Ckps6ur K.M. MeToapl MOMHBIX TeIEMUHTOIIOTHYECKUX BCKPHITHH MMO3BOHOYHBIX, BKJIFOUYas demoBeka. -M., JI.:
Wzn. MI'Y, 1928.

10. CynranoB M.A., Capsimcako @.C., MymunoB I1. u gp. [Tapa3uthl )KUBOTHBIX U YelIOBEKa HHM30BbEB AMYIaphH.
— Tamxent: «®Pany», 1969.

11. CynranoB M.A., AsumoB J.A., I'extun B.U., MymmuaoB II.A. TenMbMHUHTBI AOMAITHUX MIICKOITUTAFOIINX
V36ekucrana. — TamkeHnt: «®any», 1975.

12.  Anderson R.K. Nematode parasites of vertebrates: their development and transmission. — New York, CAB Interna-
tional. 2000.



Ilim hdm jdamiyet. /25.2026

TOShKENT ShAHRI ATMOSFERA HAVOSI IFLOSLANIShINING ANTROPOGEN OMILLARI
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AHTPOIIOI'EHHBIE ®AKTOPBI 3AT'PA3HEHUA ATMOC®EPHOI'O BO3JITYXA I'OPOJIA TALIKEHTA
N AHAJIN3 3ATPA3HAIOIUX BEIECTB (HA IIPUMEPE JTUOKCHUJA A30TA)
3apunos llax603 ba3ap6aeBud — 6a306bil dokmopanm
Hayuonanvnoiii ynusepcumem Yzoexucmana umenu Mupzo Ynyebexa
HcemaroBa Hunygap PaBmanoBua — dokmop ¢unocoguu no 2eoepaguyeckum Haykam
Cneyuanusuposannas wikona umenu Mupso Ynyebexa

ANTHROPOGENIC FACTORS OF ATMOSPHERIC AIR POLLUTION IN TASHKENT CITY
AND ANALYSIS OF POLLUTANTS (A CASE STUDY OF NITROGEN DIOXIDE)
Zaripov Shakhboz Bozorboyevich — doctoral student
National University of Uzbekistan named after Mirzo Ulugbek
Ismatova Nilufar Ravshanovna — Doctor of Philosophy in Geographical Sciences
Specialized school named after Mirzo Ulugbek

Tayanch so‘zlar: urbanizatsiya, havo ifloslanishi, GIS, IDW, azot dioksidi (NO,), havo sifati monitoringi.

Rezyume. Maqgolada 2013-2023-yillar oralig‘idagi davr davomida yoz faslida Toshkent shahri atmosfera havosining
antropogen manbalardan chiquvchi azot dioksidi (NO,) bilan ifloslanishi va konsentratsiyasining vaqt va hududlar bo‘yicha
yoz faslida o‘zgarishlari tahlil gilindi. Tadqiqotning asosiy magsadi ifloslantiruvchi modda miqdoridagi uzoq muddatli
tendensiyalarni aniglash, uning hududiy tagsimlanish xaritalarini yaratish hamda atmosfera havosining azot dioksidi bilan
ifloslanishiga ta’sir etuvchi asosiy manbalarni baholashdan iborat. Tadgiqot uchun ma’lumotlar O‘zbekiston Respublikasi
Gidrometeorologiya xizmati tomonidan boshqgariladigan atmosfera havosini kuzatish stansiyasilaridan olindi.
Ifloslantiruvchi  moddalarning hududiy tagsimlanishini aniglash magsadida geografik axborot tizimlari (GIS)
texnologiyalaridan foydalanildi va ArcGIS Pro dasturida Teskari Masofa Og‘irligi (Inverse Distance Weighting — IDW)
interpolatsiya usuli qo‘llanildi. Har bir kuzatilgan davr uchun besh yillik kesimlarda yoz faslida mavsumiy taqsimlanish
xaritalari tuzildi. Shuningdek, ifloslantiruvchi modda konsentratsiyalarining vaqt bo‘yicha o‘zgarishlarini baholash uchun
tavsifiy statistik usullar hamda grafik tahlil metodlari qo‘llanildi. Natijalar azot dioksidi (NO;) konsentratsiyasi yoz faslida
2023-yilda eng yuqori darajada kuzatilganligini ko ‘rsatdi.

KuroueBble ciioBa: ypOaHu3aIus, 3arpsi3sHCHAE aTMOC(EPHOTO BO3/yXa, reorpaduyeckie HHHOPMAIIHOHHBIC CHCTEMBI
(TUC), Inverse Distance Weighting (IDW), nnokcuz azora (NO,), MOHUTOPHHT KauecTBa BO3yXa.

Pe3ome. B cratbe MIpOaHAIM3UPOBAHBI IPOCTPAHCTBECHHBIC U BPEMCHHBIC U3MCHCHUA KOHUCHTPAUMHU JUOKCHA a30Ta
(NO,), nocrymnatomiero B arMochepHblii BO3MyX ropoja TallkeHTa U3 aHTPOMOTSHHBIX MCTOYHHKOB, B JISTHUH MEPHOJ
2013-2023 romoB. OCHOBHOIl 1ENIbI0 HCCIEIOBAaHHS SBISUIOCH BBISBICHHE JOJITOCPOYHBIX TEHACHIMH H3MEHEHUs
KOHIICHTpAalUuN 3arpA3HAOMICIO BCIICCTBA, NOCTPOCHUE KAPT €ro HNPOCTPAHCTBCHHOT'O PACIIPEACIICHHA, a4 TAKXKC OLICHKaA
OCHOBHBIX aHTPOMNOI'CHHbIX MCTOYHHUKOB 3arpsA3HCHUSL aTMOC(I)epHOFO BO3AyXa JUOKCHUAOM a30Ta. B xauectBe HCXOOHBIX
JMAHHBIX  WCIOJB30BaHBl  MaTepUaibl  HAOMIOACHWH CETM CTaHIMH  MOHHTOpUHTAa aTMOC(HEpHOTO  BO3ayXa
I'unpomereoponormyeckoit ciry:k0bl PecryOnmkum  Y30ekucrtaH. [lns aHanmza TpPOCTPAHCTBEHHOTO —paCHpeIeiICHUS
koHneHTpanuii NO, mpuMeHeHBI TexHoioruu reorpaduieckux uwHpopmanuoHHeix cuctem (IMC), a B mporpamMMHOM
obecrieuennn ArcGIS Pro ucnonb3oBan Meron uHrepnoisuuu Inverse Distance Weighting (IDW). [lns kaxigoro
ucciaeayeMoro nepuoaa ¢ miATUWICTHUM UHTCPBAJIOM OBbLIM COCTaBJIEHEI KapTbl CE30HHOI'0 PACHIpPEeaACTICHUSA KOHUCHTpAlUun
NO, B nernuit nepuoa. Kpome Toro, Ijsi OLEHKM BPEMEHHOW IMHAMUKM KOHLIEHTpALMHA 3arpsi3HSIOLIErO BELECTBa
HCIIOJIB30BAHBI METOAbI OnycaTenbHON CTATUCTUKHU U Fpa(i)I/I‘IeCKOFO aHaJIu3a. HonyquHme PE3YIbTAThI MMOKa3ajinu, 4TO
MaKcHMallbHasl KoHIeHTpanus nuokcuna azora (NO,) B eTHuit neprox Obla 3apeructpuposana B 2023 roxy.

Key words: urbanization, air pollution, Geographic Information System (GIS), Inverse Distance Weighting (IDW),
nitrogen dioxide (NO,), air quality monitoring.

Summary. The study investigates the spatial and temporal variations in atmospheric nitrogen dioxide (NO,)
concentrations originating from anthropogenic sources in Tashkent during the summer seasons of 2013-2023. The primary
objective of the research was to identify long-term trends in NO, concentrations, produce spatial distribution maps, and
assess the principal anthropogenic sources contributing to atmospheric pollution. The research was based on data obtained
from air quality monitoring stations operated by the Hydrometeorological Service of the Republic of Uzbekistan.
Geographic Information System (GIS) technologies were employed to analyze the spatial distribution of nitrogen dioxide,
while the Inverse Distance Weighting (IDW) interpolation method implemented in ArcGIS Pro was used to generate spatial
distribution maps. Seasonal distribution maps for the summer period were produced at five-year intervals throughout the
study period. In addition, descriptive statistical methods and graphical analyses were applied to evaluate temporal changes
in pollutant concentrations. The results indicate that the highest nitrogen dioxide (NO.) concentrations during the summer
season were recorded in 2023.
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Kirish.  Shahar muhitida atmosfera havosining
ifloslanishi bugungi kunda global miqyosdagi eng dolzarb
ekologik muammolardan biri hisoblanadi. Urbanizatsiya
jarayonlarining  jadallashuvi, avtotransport vositalari
sonining keskin ortishi, sanoatning kengayishi hamda
energiya iste’molining oshishi natijasida karbonat angidrid
(CO,), uglerod oksidi (CO), oltingugurt dioksidi (SO,),
azot oksidlari (NOy), ozon (O3), PM zarrachalari kabi

atmosferani  ifloslantiruvchi  moddalarning  emissiyasi
sezilarli darajada ortib bormoqda [5, 6, 16].
Mazkur ifloslantiruvchi  moddalar  atmosferada

to‘planishi nafaqat global iqlim o‘zgarishlari va kislotali
yog‘ingarchiliklarning shakllanishiga [8], balki birlamchi
va ikkilamchi ifloslantiruvchi moddalar o‘rtasidagi o‘zaro
ta’sir natijasida yuz beradigan fotokimyoviy jarayonlarning
jadallashuviga ham sabab bo‘ladi [11, 19, 22]. Bundan
tashqari, ushbu moddalar inson salomatligiga jiddiy salbiy
ta’sir ko‘rsatib, nafas olish, yurak-gon tomir hamda boshga
turli kasalliklarning rivojlanish xavfini oshiradi [3, 4, 14,
15)]

Mavzuga oid adabiyotlar tahlili. So‘nggi yillarda
xalgaro migyosda SO,, NOy, CO, CO;, PM,.5 va PM Kkabi
asosiy  atmosfera ifloslantiruvchi moddalarining
konsentratsiyasini baholash hamda ularning hududiy
tagsimlanishini  geografik axborot tizimlari (GIS)
texnologiyalari yordamida kartalashtirishga bag‘ishlangan
ko‘plab ilmiy tadqiqotlar amalga oshirilmoqda. Shahar
atmosfera havosi sifatini  monitoring qilish va uni
yaxshilash bugungi kunda global ekologik muammolarning
eng muhim yo‘nalishlaridan biri hisoblanadi [7].

Ushbu tadgigotlar umumiy holda GIS texnologiyalarini
statistik tahlil usullari bilan uyg‘unlashtirish atmosfera
ifloslantiruvchi moddalarining hududiy va vaqt bo‘yicha
o‘zgarishlarini aniq aks ettirish hamda ekologik
jarayonlarni chuqurroq tushunishda muhim ahamiyat kash
etishini ko‘rsatadi [1,16,]. O‘zbekistonda, xususan
Toshkent shahrida atmosfera havosining ifloslanishini
o‘rganishga oid tadqiqotlar o‘tgan asrning 1970-yillaridan
boshlangan. 1989-yilda X. Tursunov o‘z monografiyasida
Toshkent  shahrining  ekologik holatini  yaxshilash
masalalariga alohida e’tibor qaratgan. Azizov va Beketov
(2024) esa shaharning asosiy avtomobil yo‘llaridagi
transport ogimlarini tahlil gilib, ularning PM,.s va NO,
emissiyalariga qo‘shayotgan hissasini baholaganlar [2].
Shunga garamasdan, Toshkent shahrida asosiy atmosfera
ifloslantiruvchi  moddalarining uzog vyillik o'zgarish
dinamikasi va hududiy tagsimlanishini kompleks ravishda
o‘rganuvchi tadqiqotlar hanuzgacha yetarli darajada emas.

Tadqgiqot metodologiyasi. Mazkur tadgigotda 2013-
2023-yillar oralig‘ida Toshkent shahri atmosfera havosidagi
azot dioksidi (NO,) konsentratsiyasining yoz faslida vaqt
va makon bo‘yicha o‘zgarishlari tahlil qilindi. Tadqiqot
metodologiyasi bir necha asosiy bosgichlarni o'z ichiga
oladi: dastlab zarur ma’lumotlarni yig‘ish va ularni
dastlabki gayta ishlash, geografik axborot tizimlari (GIS)
yordamida fazoviy tahlilni amalga oshirish, Inverse
Distance Weighting (IDW) interpolatsiya usuli asosida
mavzuli xaritalarni yaratish hamda statistik tahlillarni
bajarish.

Geografik  axborot  tizimlari  (GIS)  fazoviy
ma’lumotlarni yig‘ish, integratsiyalash, tahlil gilish va
vizuallashtirish uchun qulay hamda samarali platforma
hisoblanadi [10,18,20]. Mazkur tadgiqotda dastlab barcha
ma’lumotlar Microsoft Excel dasturida kuzatuv stansiyasi
nomi, kuzatuv sanasi, NO, konsentratsiyasi (ng/m*) hamda
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X va Y Kkoordinatalari bo‘yicha tartiblashtirildi. Excel
jadvali ArcGIS Pro dasturiga import gilinib, geofazoviy
tahlil uchun tayyorlandi. Buning uchun Conversion Tools
— Excel to Table vositasi yordamida ma’lumotlar
geoma’lumotlar bazasiga (Geodatabase) yuklandi. Keyingi
bosgichda XY Table to Point funksiyasi orgali nugtaviy
(Point) shapefile yaratildi.

Toshkent shahri hududida NO, konsentratsiyasining
fazoviy tagsimlanishini aniglash magsadida IDW
interpolatsiya usuli qo‘llanildi. IDW-ekologik tadgiqotlarda

keng  qo‘llaniladigan  deterministik interpolatsiya
usullaridan biri bo‘lib, kuzatuv ma'lumotlari mavjud
bo‘lmagan nuqtalardagi qiymatlarni ularga yaqin

joylashgan kuzatuv nugtalari asosida baholash imkonini
beradi [19]. Xaritalarni yaratishda WGS 84 UTM Zone 42N
koordinatalar tizimidan foydalanildi. Tayyor xaritalar 300
dpi aniglikda PNG formatida eksport gilindi. Tadgigot
natijasida 2013-2023-yillar oralig‘idagi davrni besh yillik

intervallar asosida aks ettiruvchi mavzuli xaritalar
yaratildi.

Tahlil va natijalar. Tadgigot davri davomida Toshkent
shahri  atmosfera havosida azot dioksidi (NO;)

konsentratsiyasining yoz faslidagi eng yuqori giymatlari
2003-yilda qayd etildi. Yoz faslida Toshkent shahri
atmosfera havosidagi azot dioksidi (NO,) konsentratsiyasi
2013-yildan 2003-yilgacha izchil ortib borgan, 2013-2018-
yillar oralig‘ida esa pasayish tendensiyasi kuzatilgan. Yoz
mavsumida NO, ning eng yugori konsentratsiyalari 2023-
yillarda qayd etilgan bo‘lib, ayrim atmosfera monitoring
stansiyalarida ushbu ko‘rsatkich 100 pg/m® dan oshgan.
2023-yilda NO, konsentratsiyasi oshgan va shaharning
sharqiy hududlarida o‘rtacha konsentratsiya 80 pg/m* dan
yugori giymatlarga yetgan (1-rasm). Xaritalar va
diagrammalar tahlili natijalariga ko‘ra, 2013-2003-yillar
oralig‘ida Toshkent shahri atmosfera havosida azot dioksidi

(NO;) konsentratsiyasi  keskin ortganligi  aniglandi.
Umuman olganda, tadgigot davri davomida NO,
konsentratsiyasi  so‘nggi yillarda ortishi kuzatildi.

Atmosfera havosini ifloslantiruvchi moddalar tabiiy va
antropogen manbalardan hosil bo‘ladi [22,23].
Toshkent shahrida azot dioksidi bilan ifloslanish
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1-rasm. Toshkent shahri atmosfera havosiga chigarilgan
azot dioksidi migdorining 2013-2023-yillarda yoz faslida
o ‘zgarishi

Toshkent  shahrida urbanizatsiya jarayonlarining
jadallashuvi, aholi sonining ortishi hamda sanoat va unga
bog‘liq iqtisodiy tarmoqlarning rivojlanishi natijasida
avtotransport vositalari soni sezilarli darajada ko‘paydi.
Atmosferaga chiqarilayotgan azot dioksidi  (NO,)
konsentratsiyasining asosiy manbalari transport vositalari,
sanoat korxonalari va elektr energiyasi ishlab chigarish
jarayonlari hisoblanadi. NO, emissiyasining asosiy gismi
dizel yoqilg‘isida ishlovchi transport vositalari faoliyati
natijasida hosil bo‘ladi. Bunday transport vositalariga yuk
avtomobillari (KamAZ, MAZ, MAN, Volvo, Scania, Isuzu,
Hyundai HD, JAC hamda sovutkichli yuk mashinalari),
shahar va shaharlararo avtobuslar hamda mikroavtobuslar
(Yutong, Isuzu, MAN, Neoplan, Mercedes-Benz, Volvo,
GAZelle, Sprinter va lveco Daily), shuningdek
ekskavatorlar, buldozerlar, avtokranlar va boshqa og‘ir
qurilish hamda yuk ko‘tarish texnikalari kiradi. Ushbu
transport vositalarida dizel yoqilg‘isining yuqori haroratda
yonishi natijasida atmosfera havosiga katta migdorda azot
oksidlari, xususan NO, ajralib chiqadi. Turli yoqilg‘i turlari
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orasida dizel yoqilg‘isining yonishi NO, emissiyasining
eng katta ulushini hosil giladi. 2023-yil 1-yanvar holatiga
ko‘ra, Toshkent shahrida 638,8 mingga yaqin yengil
avtomobil ro‘yxatdan o‘tgan. Shu bilan birga, har Kkuni
shaharda o‘rtacha 1,1 millionga yaqin transport vositasi
harakatlanadi. Ularning 850 mingga yagini Toshkent
shahrida ro‘yxatdan o‘tgan bo‘lsa, yana qariyb 250 mingta
transport vositasi qo‘shni viloyatlardan kirib keladi.
Shaxsiy avtomobillar sonining jadal ortishi ekologik
vaziyatning yomonlashishiga, yo‘l-transport hodisalari
sonining ko‘payishiga hamda tirbandlik vaqtida transport
vositalarining o‘rtacha harakat tezligi 9-11 km/soatgacha

pasayishiga olib kelmogda. Azot dioksidi (NOy)
konsentratsiyasining ~ mavsumiy  o‘zgarishlarini  aks
ettiruvchi mavzuli xaritalarning fazoviy tahlili shuni
ko‘rsatdiki, 2013-2023-yillar oralig‘ida yoz faslida,

atmosfera havosidagi NO, konsentratsiyasi so‘nggi yillarda
oshgan. Mazkur holat ushbu davrda dizel yoqilg'isida
ishlovchi transport vositalari sonining ortishi, sanoat va
qurilish faoliyatining jadallashuvi hamda yoz mavsumiga
x0s meteorologik sharoitlar bilan izohlanishi mumkin.

Xulosa. Mazkur tadgigotda 2013-2023-yillar oralig‘ida
Toshkent shahri atmosfera havosidagi azot dioksidi (NO;)
konsentratsiyasining mavsumiy va uzoq muddatli o‘zgarish
dinamikasi tahlil qilindi. Tadgigot natijalari shuni
ko‘rsatdiki, tadqiqot davri davomida NO, ning eng yugori
konsentratsiyasi 2023-yilda qayd etildi. Tahlil natijalari
Toshkent shahrida atmosfera havosining ifloslanishida
sanoat Kkorxonalari, qurilish ishlari va transport sektori
asosiy antropogen manbalar ekanligini ko‘rsatdi. So‘nggi
yillarda shaharning markaziy qismida joylashgan va
atmosfera havosini ko‘proq ifloslantiruvchi ayrim yirik
sanoat korxonalari shahar chekka hududlariga ko‘chirilgan.
Shu bilan birga, koks va neftni gayta ishlash, rezina va
plastmassa buyumlari ishlab chigarish, kimyo sanoati
hamda metall buyumlari ishlab chigarish korxonalarining
ulushi kamaygan bo‘lsa, metallurgiya sanoati faoliyati
kengaygan.

Bundan tashqari, qurilish ishlari hajmining keskin
ortishi shahar yashil hududlari maydonining gisqarishi bilan
birga kuzatilmogda. Awvtotransport vositalari sonining
ko‘payishi hamda foydalanilayotgan yoqilg‘i turlarining
xilma-xilligi ham Toshkent shahri atmosfera havosiga
chigarilayotgan ifloslantiruvchi moddalar miqgdorining
shakllanishida muhim omillardan biri ekanligi aniglandi.
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9KOHOMMUWYECKHUE U TEOTPAOPUNYECKHE OCOBEHHOCTH PACIIOJIOKEHUSA
CBOBOJHBIX DQKOHOMMWYECKHUX 30H B TAIIKEHTCKOM 3KOHOMHMNYECKOM PEI'MOHE
AmaHoB Ajiadepran KyraumyparoBud — crmapuuii npenodasamens
Ypeenuckuii 2ocyoapcmeennviil ynusepcumem umenu Aoy Paiixona Bepynu

ECONOMIC AND GEOGRAPHICAL FEATURES OF THE LOCATION
OF FREE ECONOMIC ZONES IN THE TASHKENT ECONOMIC REGION
Amanov Allabergan Kutlimuratovich — Senior teacher
Urgench State University named after Abu Rayhon Beruni

Tayanch so‘zlar: baligchilik erkin igtisodiy zonasi, diversifikatsiya, eksport, erkin igtisodiy zona, farmatsevtika erkin
igtisodiy zonasi, import, iqtisodiy rayon, logistika markazi, modernizatsiya, sanoat rayoni, sport erkin iqtisodiy zonasi,
texnopark, turizm erkin igtisodiy zonasi, turizm zonasi.

Rezyume. Magqolada Toshkent iqtisodiy rayonidagi erkin iqtisodiy zona(keyingi o‘rinlarda EIZ)lari shakllanishi va
ularning mintaga bo‘ylab joylashuvining iqtisodiy-geografik xususiyatlari hagida fikr yuritiladi. Mintagadagi EIZ
joylashuvidagi iqgtisodiy-geografik xususiyatlarni ochib berishda iqgtisodiy geografik tahlil, kartografik, statistik
ma’lumotlar bilan ishlash kabi bir qator tadqiqot usullaridan foydalanildi. Ilmiy tahlillar natijasida mavzuga doir taklif
tavsiyalar berib o‘tildi.

KiroueBble ciaoBa: CBOOOMHAsT JKOHOMHYECKAash 30HA pHIOOJOBCTBA, AMBEpPCH(UKAIUSA, DKCIOPT, CBOOOMHAS
HKOHOMHUECKAsl 30Ha, CBOOOIHAs IKOHOMHYECKasi 30Ha (hapMaleBTHKU, UMIIOPT, IKOHOMHYECKUI PaliOH, JOTUCTUYECKUM
LEHTP, MOJEpHM3aIMs, IMPOMBIIUICHHBIA palioH, CBOOOAHAs JIKOHOMHYECKas 30HAa CIIOPTa, TEXHOMApK, CBOOOAHAS
OKOHOMMHYCCKas 30Ha Typusma, TYpUCTHUICCKasd 30HaA.

Pe3rome. B cratbe paccMmarpuBaeTcst pOpMHpPOBaHHE CBOOOTHBIX IKOHOMHYECKHX 30H (nanee — CI3) B TamkeHTCKOM
O9KOHOMHYCCKOM PETruoOHC H Z-)KOHOMI/IKO-FG:OI"pa(I)I/I‘IeCKI/Ie 0COOEHHOCTH HX pasMelIiceHud B PEruoHEC. [[J'ISI BbISABJICHUS
3KOHOMI/IKO-F€OFpa(1)I/I‘{eCKI/IX ocobeHHoCTER pasMelICHUA CO3 B PEruoHe HUCHOJIb30BAaH P METOAOB HCCIICAOBAaHMA,
BKJIrO4as SKOHOMI/IKO-FGOI“pa(I)I/I‘I€CKI/II71 aHaJIu3, KapTOFpa(I)I/IPIeCKI/Ie U CTaTUCTHYCCKUEC JaHHBIC. ITo pe3yabTaTaM Hay4YHOT'O
aHanM3a ObLIN C(I)OpMyJ'IPIpOBaHH NpEeAJIOKCHUA U PCKOMEHAAIUH 10 I[aHHOI71 TEME.

Key words: fishery free economic zone, diversification, export, free economic zone, pharmaceutical free economic
zone, import, economic region, logistics center, modernization, industrial area, sports free economic zone, technology park,
tourism free economic zone, tourism zone.

Summary. The article discusses the formation of free economic zones (hereinafter referred to as FEZs) in the Tashkent
economic region and the economic and geographical features of their location throughout the region. A number of research
methods were used to reveal the economic and geographical features of the location of FEZs in the region, including
economic geographical analysis, cartographic, and statistical data. As a result of scientific analysis, proposals and
recommendations on the topic were made.

Kirish. Mamlakatimizda igtisodiy rayonlashtirish Mamlakatimizning  igtisodiy  rivojlanish  darajasi
igtisodiyotini samarali boshqarish, ma’muriy birliklar  bo‘yicha yetakchi hisoblangan Toshkent iqtisodiy rayoni
o‘rtasidagi iqtisodiy aloqalarni rivojlantirish, aniqrog‘i  tarkibiga ma’muriy jihatdan Toshkent viloyati va poytaxt
mintagalarning igtisodiy salohiyatidan samarali foyda-  Toshkent shahri kiradi.

lanish, ishlab chigarish tarmoglarini ogilona joylashtirish O‘zbekistonning iqtisodiy rayonlari sanoat salohiyati va
hamda hududlarni kompleks rivojlantirish magsadida  ixtisoslashuvi bilan o‘zaro farq qiladi. Jumladan, Toshkent
amalga oshiriladi. igtisodiy rayoni sanoat salohiyati jihatidan respublikada

Igtisodiy rayon — bu mamlakat hududining ma’muriy  alohida ajralib turadi. Yoqilg‘i sanoatidan tashgari, sano-
chegaralari ustma-ust tushuvchi bevosita bir biri bilan atning barcha tarmoglar shu rayon uchun ixtisoslashgan
chegaradosh 2 yoki undan ortiq (ba’zi mamlakatlarda bitta)  tarmoqlar gatoriga Kiradi [4:156].

ma’muriy birliklarning iqtisodiyot sohalari bir xil ixtisos- Igtisodiy rayonning qulay transport infratuzilmasi,

lashuvga ega gismidir. xalqaro avtomobil va temir yo‘llari, hamda zamonaviy
Har bir iqtisodiy rayon o‘zining tabiiy boyliklari, ixti-  logistika markazlari mavjudligibu yerda bir gator ElZlari

soslashgan xo‘jalik tarmoqlari va iqtisodiy rivojlanish  tashkil gilishga imkoniyat yaratgan.

xususiyatlari bilan boshga rayonlardan farg giladi. limiy Xo‘sh, EIZning o‘zi nima — investitsiyalarni jalb etish

adabiyotlarda mamlakatimiz hududi 6 ta (Toshkent, wva ishlab chiqgarishni rivojlantirish magsadida tashkil
Farg‘ona, Mirzacho‘l, Zarafshon, Janubiy va Quyi etilgan maxsus hudud bo‘lib, unda faoliyat yurutuvchi
Amudaryo) igtisodiy rayonga ajratiladi. rezidentlarga ma’lum tartiblar asosida soliq va bojxona
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imtiyozlari beriladi. Bunday zonalarda import o‘rnini
bosuvchi, eksportbop mahsulotlar ishlab chiqarishga
e’tobor qaratiladi, asosiysi yangi ish o‘rinlari yaratiladi va
mintaqalar igtisodiyotini rivojlanadi.

Erkin igtisodiy zonalar (E1Z) — mamlakat hududining
maxsus ajratilgan qismi bo‘lib, unda investitsiyalarni jalb
etish, eksport hajmini oshirish, zamonaviy texnologiyalarni
joriy qilish hamda ishlab chigarishni rivojlantirish
magsadida alohida iqtisodiy va huqugiy tartiblar amal

giladi.
Erkin igtisodiy hududlar ularni tashkil giluvchilar
tomonidan  ochig igtisodiyot tamoyillarini  amalga

oshirishdagi muhim bosqich sifatida ko‘riladi. Ularning
faoliyat ko‘rsatishi tashqi iqtisodiy faoliyatni faollashtirish
va erkinlashtirish bilan bog‘liq [2:200].

Mamlakat iqtisodiyotining bargaror rivojlanishini
ta’minlashda hududlarning iqtisodiy salohiyatidan samarali
foydalanish muhim, bunda ElZlar investitsiyalarni jalb
gilish, eksport salohiyatini oshirish, yangi ish o'rinlarini
yaratish hamda zamonaviy sanoat tarmoglarini rivoj-
lantirishning samarali vositasi hisoblanadi. Shu sababli
O‘zbekistonda, xususan Toshkent iqtisodiy rayonida
so‘nggi yillarda EIZni tashkil etish va ularning faoliyatini
takomillashtirish bo‘yicha keng ko‘lamli islohotlar amalga
oshirildi.

Adabiyotlar tahlili va metodlar. Bugungi kunda jahon
igtisodiyotida ElZlar hududiy rivojlanishning eng samarali
mexanizmlaridan biri sifatida e’tirof etiladi. Ular nafaqat
ishlab chigarishni rivojlantirish, balki yangi texnologiya-
larni joriy etish, innovatsion faoliyatni rag‘batlantirish,
logistika tizimini takomillashtirish hamda xalgaro iqgtisodiy
hamkorlikni kengaytirishga xizmat giladi.

Rossiyalik  igtisodchilardan ~ A.Kuznetsov  hamda
S.A.Ribakov va N.A.Orlovalar ning keltirishicha, E1Z — bu
xorijiy tovarlar hech qanday bojxona to‘lovlarisiz
saglanishi, sotilishi yoki xarid gilinishi mumkin bo‘lgan
hudud. O‘zbekistonlik A.V.Vaxabov, Sh.X.Xajibakiev,
N.G.Muminov va Rossiyalik T.P.Danko, Z.M.Okrut,
N.V.Igoshin kabi mualliflar bir ovozdan, — “Erkin iqtisodiy
zona — bu mahalliy hamda xorijiy tadbirkorlar faoliyat
yuritishi uchun maxsus imtiyozli igtisodiyot amal giladigan
chegaralangan hudud” — degan xulosaga kelishgan [3:331].

ElZlar bo‘yicha xorijiy olimlar, jumladan Paul
Krugman, Michael Porter va Peter Hall kabi o‘nlab olimlar
o‘z ilmiy tadqiqotlarida ularning investitsiyalarni jalb etish,
eksport salohiyatini oshirish, innovatsion ishlab chigarishni
rivojlantirish hamda hududlarning ragobatbardoshligini
kuchaytirishdagi o‘rni yoritilgan.

Rus olimlaridan O.Kuznetsova, V.Maslixina, T.Oruch
hamda S.Sosnovskikh tomonidan ElZlarning investitsion
jozibadorligi, hududiy rivojlanishi va ularning samarador-
ligi nugtai nazaridan ilmiy tadgiqotlar olib borilgan.

ElZlarning samarali faoliyat yuritishi, ularning faoliyati
tahlili, ishlab chigarish hajmining prognoz darajalari,
EIZ yaratilish magsadlari, turlari, huqugiy asoslari hagida
mamlakatimizning ~ bir  gator  iqgtisodchi  olimlari
N.To‘xliyev, A.V.Vaxabov, A.U.Akramov, S.S.Nazirova,
D.Y.Xujamkulov, ElZlar samaradorligini mutlag va nisbiy
miqdor  ko‘rsatkichlari  bo‘yicha  baholash  tizimi
Sh.A.Qoraboyev, G.A.lInomova, S.l.Alabayev tadgiqot-
larida o°z aksini topgan [5, 7].

Quyidagilar “Navoiy”, “Angren” va “Jizzax” erkin
iqtisodiy zonalari (keyingi o‘rinda — erkin iqtisodiy zonalar)
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faoliyatini yanada rivojlantirishning asosiy yo‘nalishlari
etib belgilansin:

xorijiy investorlarga mamlakatimiz igtisodiyotining real
sektorlariga investitsiya Kiritishi uchun yanada qulay
sharoitlar yaratish magsadida erkin igtisodiy zonalar uchun
yagona huqugiy rejimni belgilash, soliq va bojxona
imtiyozlari, preferensiyalarni birxillashtirish;

mahalliy mineral-xom ashyo resurslarini chuqur gayta
ishlaydigan va yuqori qo‘shimcha giymatga ega raqobat-
dosh mahsulotlar ishlab chigaradigan yuqori texnologiyali
va mahalliylashtiriladigan zamonaviy korxonalarni tashkil
qilish uchun to‘g‘ridan-to‘g‘ri investitsiyalarni, avvalam-
bor, xorijiy investitsiyalarni faol jalb etish, erkin igtisodiy
zonalarning muayyan sohaga ixtisoslashuvini qo‘llab-
quvvatlash va ularda sanoat kooperatsiyasini rivojlantirish;

erkin iqtisodiy zonalarda “yagona darcha” tamoyili
asosida barcha turdagi davlat xizmatlarini ko‘rsatishga,
jumladan, ruxsat berish tartib-taomillariga bosgichma-
bosqich o‘tish;

ishlab chigarish, muhandislik-kommunikatsiya, yo‘l-
transport va ijtimoiy infratuzilmani jadal rivojlantirish,
shuningdek, sifatli logistika xizmatlari ko‘rsatish bo‘yicha
zamonaviy infratuzilmani shakllantirish;

oliy, o‘rta maxsus kasb-hunar ta’limi muassasalarida
erkin iqtisodiy zonalarning soha kadrlariga bo‘lgan hozirgi
va istigboldagi ehtiyojlaridan kelib chigib, ularning erkin
igtisodiy  zonalarda joylashgan korxonalarda ishlab
chiqarish amaliyotini o‘tashini nazarda tutgan holda, yuqori
malakali mutaxassislarni tayyorlashni tashkil etish [1].

Mamlakatimizda tashkil gilingan, yuqori texnologik
ElZlar haqidagi mavjud ma’lumotlarni taqqoslash, tizimli
tahlil va kartografik tadqgigot usullari yordamida chuqur
o‘rganildi [7:66].

Tadqgigot metodlari sifatida giyosiy-geografik, statis-
tik, tahliliy, kartografik va tizimli yondashuv usullaridan
foydalanildi. Tadgiqot davomida ilmiy adabiyotlar,
me’yoriy-huquqiy hujjatlar, statistik ma’lumotlar hamda
mahalliy va xalgaro tashkilotlarning tahliliy hisobotlari
o‘rganildi

Mazkur tadgiqot usullari yordamida Toshkent igtisodiy
rayonida ElZlarni yanada rivojlantirish, investitsiya
muhitini  yaxshilash, ishlab chigarish samaradorligini
oshirish hamda hududning iqgtisodiy ragobatbardoshligini
kuchaytirish bo‘yicha ilmiy-amaliy tavsiyalar ishlab
chigishda muhim ahamiyat kasb etadi.

Muhokama. Igtisodiy rayon shimolda va shimoli-
sharqda Qozog‘iston Respublikasi, sharqda Qirg‘iziston
Respublikasi, janubi-sharqda Namangan viloyati, janubda
Tojikiston Respublikasi, g‘arbda esa Sirdaryo viloyati bilan
chegaradosh. Bunday qulay iqgtisodiy-geografik o‘rin
hududning  tashgi  iqtisodiy  alogalari,  transport-
kommunikatsiya tizimi va xalgaro savdo munosabatlarining
rivojlanishida muhim ahamiyat kasb etadi.

O‘zbekistonning ElZlar xarita-sxemasida ko’rinib turib-
diki, mamlakatimizning har bir ma’muriy birligida yuqori
texnologik ElZlar tashkil gilingan, shu jumladan Toshkent
viloyatida ham Angren EIZsi tashkil gilingan (1-rasmga
garamg).

Hudud foydali gazilmalarga boy hisoblanadi, xususan
Olmalig-Angren havzasida mis, oltin va kumushning,
shuningdek qo‘ng‘ir ko‘mirning yirik konlari joylashgan
bo‘lib, ular mamlakat rangli metallurgiya hamda energetika
tizimining muhim xomashyo bazasini tashkil etadi. Ushbu




tabiiy resurslar hududda sanoat korxonalarini joylashtirish
va ElZlarni rivojlantirish uchun mustahkam asos yaratadi.
Darhagigat Angren-Olmaliq sanoat rayonidagi yugorida
so‘z yuritilgan qulayliklar, xususan yuqori kuchlanishli
elektr tizimi, boy xomashyo bazasi, shakllangan inrfatu-
zilma va yetarlicha malakali kadrlar, hamda arzon ishchi
kuchi bu hudud jozibadorligining asosiy mezoni sanaladi.

| O'ZBEKISTON RESPUBLIKASIDA TASHKIL QILINGAN =
YUQORI TEXNOLOGIK MAHSULOTLARNI @ —%» sha
ISHLAB CHIQARISHGA YO'NALTIRILGAN i

ERKIN IQTISODIY ZONALARI XARITA SXEMASI

/1
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- mal
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1-rasm. Oc‘zbekistonning yuqori texnologik ElZlari
xarita-sxemasi Xarita-sxema muallif tomonidan tayyor-
langan.

Igtisodiy rayon iglimi keskin kontinental bo‘lib, yozi
issiq va qurug, gishi esa nisbatan yumshoq kechadi. Bunday
tabiiy-iglim sharoiti sanoat ishlab chigarishi va gishloq
xo‘jaligining deyarli barcha tarmoglarini rivojlantirish
imkonini beradi. Hududning tabiiy-geografik salohiyati
erkin ElZlar faoliyatini samarali tashkil etishda muhim
omillardan biri hisoblanadi. Ushbu imkoniyatlardan foyda-
lanib iqgtisodiy rayonda quyidagi ElZlar va texnoparklar
tashkil gilingan.

Igtisodiy rayonning ElZlar va texnoparklar tashkil
gilishdagi asosiy ustunliklari quyidagilardan iborat:

o rivojlangan sanoat tarmoglari;

o yirik iste'mol bozori mavjudligi;

o malakali ishchi kuchining ko pligi;

¢ ilmiy tadgiqgot institutlari va oliy ta’lim muassasalari-
ning jamlanganligi;

o logistika markazlarining rivojlanganligi.

Ushbu ustunliklar igtisodiy rayonning boshga mintaga-
larga nisbatan kuchli tomonini ko ‘rastadi.

1-jadval. Toshkent igtisodiy rayonida tashkil gilingan
ElZlar va texnoparklar

HTAB_1:5000 000

Tashkil
ElZ nomi etilgan Manzili
yili
ElZlar
Angren 2017-yil | Jizzax viloyati Zomin tuma-
ElZ 3-may | ni Mustaqillik ko’chasi 32
uy
o . 2017-yil | Toshkent viloyati Bo‘stonliq
Bof;rtr()nr’l}lq 3-may | tumani “Kichiksoy” MFY
Sharq ko’chasi
«parkent 2017-yil Toshkgnt vionat.i Parkent
farm” 3-may | tumani ‘“Markaziy” MFY
Muruvvat ko’chasi
“Chorvoq” 2017-yil | Toshkent viloyati Bo‘stonliq
erkin 5-dekabr | tumani
turistik zonasi
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2018-yil | Toshkent shahri Shayxonto-
Toshkent ;
“Sport” EIZ 6-mart | hur tumani
Quyi Chirchiq| 2018-yil | Toshkent viloyati, Quyi
“Baliq ishlab | 7-aprel | Chirchig tumani, Baligchi
chiqaruvchi” mahallasi
ElZ
Texnoparklar*
Yashnobod | 2017-yil | Toshkent shahri, Yashnobod
innovatsiya | 5-iyun | tumani
texnoparki
Olmazor 2020-yil Toshk_ent shahri, Olmazor
. 12- tumani, Talabalar shahar-
texnoparki .
avgust | chasi
Chirchiq 2022-yil | Toshkent viloyati Chirchiq
texnoparki | 3-fevral | shahri
“Ohangaron | 2023-yil | Toshkent viloyati Ohanga-
Tech industri- 14- ron shahri
al” texnoparki| avgustr
O‘zbekiston- | 2026-yil | Toshkent viloyati Bekobod
Boshgirdiston | 24-fevral | shahri
texnoparki

Izoh: *Texnoparklar ElZlarga tenglashtiriladi. Jadval
internet saytlaridan olingan ma’lumotlar asosida muallif
tomomidan tuzildi.

Jadvaldan shuni ko‘rish mumkin-ki, keyingi yillarda
ElZlar tenglashrilgan texnoparklar ko‘p tashkil gilinayotga-
ni e’tiborli tomoni hisoblanadi, negaki texnoparklar kichik
hududlarda mehnat resurslari, aynigsa malakali kadrlar
yetarlicha bo‘lgan joylarda bunyod qilinadi.

Aynan shu omillar hududda ElZlarni tashkil etish va
ularning samarali faoliyat yuritishida asosiy iqgtisodiy-
geografik omillar sifatida namoyon bo‘lmoqda, hamda turli
sohalarga xos ElZlar bunyod gqilinmogda (1-rasmga

garang).

Yugqori
texnologik

VAR

Qishloq
xo‘jaligi

1-rasm. Toshkent iqgtisodiy rayonida tashkil gilingan
ElZlarining turlari.Muallif tomonidan ishlab chigilgan.

So‘nggi yillarda hududdagi ElZlar va texnoparklardagi
xorijiy investitsiyalar ishtirokidagi korxonalar soni ortib
bormogda. Zamonaviy texnologiyalar asosida ishlab
chiqarishning yo‘lga qo‘yilishi mahsulot sifati va raqobat-
bardoshligini oshirishga xizmat gilmoqda. ElZlarda amalga
oshirilayotgan investitsiya loyihalari yangi ish o‘rinlari
yaratish, eksport hajmini kengaytirish va hududning
igtisodiy salohiyatini yanada mustahkamlashga yordam
bermogda. Xorijiy va mahalliy investitsiyalarni ko‘plab jalb
gilinshi ElZlarda ishlab chigarishni modernizatsiyalash va
diverfikatsiyalash imkoni bermoqda.




Tahlil va natijalar. Tahlillar shuni ko‘rsatadi-Ki,
Toshkent igtisodiy rayonidagi ElZlar joylashuvi bir gator
igtisodiy-geografik ustunliklarga ega.

-Birinchidan, hudud respublikaning eng yirik transport
tuguni hisoblanadi. Toshkent xalgaro aeroporti, xalgaro
avtomobil magistrallari va temir yo‘l tarmoqlari eksport-
import operatsiyalarini tez va samarali amalga oshirish
imkonini beradi.

-lkkinchidan, hudud malakali mehnat resurslari bilan
yaxshi ta’minlangan. Iqtisodiy rayonda faoliyat yurita-
yotgan oliy ta’lim muassasalari va ilmiy markazlar sanoat
korxonalarini  yugori malakali mutaxassislar  bilan
ta’minlaydi.

-Uchinchidan, elektr energiyasi, gaz va suv ta’minoti-
ning nishatan barqgarorligi ishlab chigarishning uzluksiz
faoliyat ko‘rsatishiga xizmat qiladi. Toshkent, Angren va
Yangi Angren IESlari, Chirchig-Bo‘zsuv GESlari kaskadi
va boshga energetika obyektlari sanoat korxonalarining
energiya ehtiyojini qondirishda muhim rol o‘ynaydi.

-To‘rtinchidan, hududning yirik iste’'mol bozori
mavjudligi ishlab chigarilgan mahsulotlarni tez realizatsiya
gilish  imkonini  beradi. Toshkent shahri nafagat
O‘zbekistonning eng katta shahri, balki Markaziy
Osiyodagi muhim iqgtisodiy markazlardan biri hisoblanadi.

-Beshinchidan, davlat tomonidan yaratilayotgan qulay
investitsiya muhiti, soliq va bojxona imtiyozlari xorijiy
investorlarning qizigishini oshirmogda. Natijada erkin
igtisodiy zonalarda yangi investitsiya loyihalari soni ortib,
ishlab chigarish hajmi va eksport salohiyati yildan-yilga
kengayib bormogda.

‘O'zbekiston Respublikasi 2016-2019-yillarda
erkin iqtisodiy zonalari xarita sxemasi o

HTAB 15 000 000

3-rasm. 2019 kelib O ‘zbekistondagi ElZlar xarita
sxemasi. Muallif tomonidan tayyorlangan [6:4].

Qisga muddatda 2016-yildan 2019yilgacha bo‘lgan
oraligda 20ga yagin ElZlar tashkil gilingan (3-rasmga
garang).

Mintagadagi ElZlar faoliyatida sezilarli yutuglarga
erishilgan bo‘lsa-da, ayrim muammolar ularning rivojlanish
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sur’atiga salbiy ta’sir ko‘rsatmoqgda, jumladan ayrim
sanoat hududlarida muhandislik-kommunikatsiya in-
fratuzilmasining yetarli darajada rivojlanmaganligi, yuqori
malakali muhandislik va texnik mutaxassislar yetishmasligi
va xalgaro bozorlarda ragobatning ortib borayotgani ek-
sport gilinayotgan mahsulotlarning sifati va standartlariga
nisbatan yuqori talablarni oshishi yangi investitsiya
loyihalarini amalga oshirishni murakkablashtirmoqgda.

Xulosa. Tahlillar asosida Toshkent itisodiy rayonidagi
ElZlar transport-logistika infratuzilmasini rivojlantirish,
oliy ta'lim muassasalari va sanoat korxonalari hamkorligini
kuchaytirish, ekologik xavfsiz ishlab chigarish texnologiya-
larini go‘llash hamda investitsiya muhitini yanada yaxshi-
lash bir so‘z bilan aytganda ElZlar samaradorligini yanada
oshirish magsadida bir gator ilmiy-amaliy takliflarni ilgari
surish mumkin:

-transport va logistika infratuzilmasini yanada moderni-
zatsiya gilish zarur. Zamonaviy logistika markazlari, mul-
timodal transport tizimlari va ragamli bojxona Xizmatlarini
rivojlantirish mahsulotlarni tashish xarajatlarini kamaytiradi
hamda eksport hajmini oshirishga xizmat giladi;

-investorlarga yaratilayotgan qulay sharoitlarni yanada
kengaytirish magsadga muvofig. Solig va bojxona imtiyoz-
larini takomillashtirish, ruxsat berish tartib-taomillarini
soddalashtirish hamda davlat xizmatlarini to‘liq ragam-
lashtirish investitsiya muhitining jozibadorligini oshiradi;

-oliy ta’lim muassasalari, ilmiy-tadgiqot institutlari va
sanoat korxonalari o‘rtasidagi hamkorlikni kuchaytirish
zarur. Innovatsion ishlanmalarni ishlab chigarishga tatbiq
etish, ilmiy loyihalarni qo‘llab-quvvatlash hamda amali-
yotga yo‘naltirilgan mutaxassislarni tayyorlash sanoatning
texnologik rivojlanishiga ijobiy ta'sir ko‘rsatadi;

-ekologik barqarorlikni ta'minlash magsadida ishlab
chigarishda energiya tejamkor texnologiyalarni qo‘llash,
chigindilarni gayta ishlash va gayta tiklanuvchi energiya
manbalaridan foydalanishni kengaytirish lozim;

-eksport geografiyasini kengaytirish, yangi tashqi bozor-
larni o‘zlashtirish hamda xalqaro ko‘rgazmalar va biznes-
forumlarda faol ishtirok etish orgali Toshkent igtisodiy
rayonidagi ElZlar mahsulotlarining raqobatbardoshligini
yanada oshirish mumkin.

Xulosa qilib aytganda, Toshkent igtisodiy rayonida
ElZlarni ilmiy asosda joylashtirish va ularning faoliyatini
doimiy takomillashtirish O‘zbekistonning uzoq muddatli
igtisodiy rivojlanish strategiyasida muhim ahamiyat kasb
etadi.

Mintagada ElZlarning ogilona joylashtirilishi va sama-
rali faoliyati nafagat hudud igtisodiyoti, balki butun
O‘zbekiston iqtisodiyotining barqaror rivojlanishiga xizmat
giladi.
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FUNCTIONAL TYPOLOGY AND CLASSIFICATION OF CITIES
IN THE FERGANA ECONOMIC REGION
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Tayanch so‘zlar: shaharlashuv, shaharlar klassifikatsiyasi, funksional tipologiya, genetik klassifikatsiya, demografik
salohiyat, shaharlar tizimi, shaharlar ierarxiyasi, hududiy rivojlanish, qulaylik indeksi.

Rezyume. Magqola Farg‘ona iqtisodiy rayoni shaharlarining shakllanishi, funksiyasi, demografik rivojlanish
xususiyatlari tahlil qgilingan. Shaharlarning mintagaviy shaharlar tizimidagi o‘rni, ierarxik tuzilishi, demografik salohiyati
baholanib, aholi soniga ko‘ra guruhlashtirildi va klassifikatsiyasi ishlab chiqildi. Olingan natijalar shaharlar rivojlanishini
ilmiy baholash, hududiy rejalashtirish, shaharlar yashash muhitining qulaylik indeksini aniglash va baholashda muhim
metodik asos bo‘lib xizmat qiladi.

KiroueBbie ciioBa: yp6aHI/ISaLII/I$[, Knaccmbm(aum{ ropoaos, (I)YHKI_[I/IOHaJ'ILHaH THUIIOJIOTHUA, TCHECTUYCCKAA KJ'IaCCI/I(i)I/I—
Kanus, ,IleMOFpa(i)I/I‘IeCKI/Iﬁ MOTCHIIKMAJ, CUCTEMA IOPOAOB, UCPAPXUA T'OPOAOB, TCPPUTOPHUATIBHOC PA3BUTHEC, MHACKC KOM-
¢dopTHOCTH.

Pe3rome. B cTatbe mpoaHanm3upoBaHel 0cOOCHHOCTH (popMUpoOBaHHA, GYHKIHOHATIBHON CTPYKTYPHI M IeMorpadude-
CKOI'0 pa3BUTHs rOpoa0B (Depl"aHCKOFO 3KOHOMHYECCKOI'O paﬁOHa. O]_IGHSHBI MECTO Iropoa0B B peFI/IOHaHBHOﬁ CHUCTEMEC pac-
CeJICHUS, UX HepapXuiecKas CTPYKTypa U 1eMorpaduIecKuii IOTeHIINAN, a TAaKXKe pa3padoTaHa aBTOPCKas KiIacCH(pUKanns
Ha OCHOBE YHUCJIEHHOCTH HacejeHus. [lonmydeHHble pe3yibTaThl CllyKaT BaXKHOM METOAMYECKON OCHOBOW NJii HAy4HOU
OIICHKHU PAa3BUTUA I'OPOJOB, TCPPUTOPUAIILHOI'O IIJIAaHUPOBAHUSA, a TAKKE ONPEACICHUA U OUCHKN MHACKCA KOMq)OpTHOCTI/I
TOPOJICKOH Cpebl.

Key words: urbanization, city classification, functional typology, genetic classification, demographic potential, urban
system, urban hierarchy, territorial development, livability index.

Summary. The article analyzes the formation, functional structure, and demographic development characteristics of the
cities of the Fergana Economic Region. The study assesses the position of cities within the regional urban system, their
hierarchical structure, and demographic potential, and develops an authorial classification based on population size. The
findings provide an important methodological basis for the scientific assessment of urban development, territorial planning,
as well as the determination and evaluation of the urban livability index.

Kirish. Farg‘ona iqtisodiy rayoni O‘zbekiston funksiyalari va xo’jalik ixtisoslashuvi asosida genetik tipo-
Respublikasining urbanizatsiya darajasi yuqori bo‘lgan  logiyalash hamda aholi soniga ko‘ra klassifikatsiyalashdan
hududlardan biri hisoblanadi. Mintaga aholi zichligining iborat.

yuqoriligi, tabiiy-geografik  sharoitlarining  qulayligi, Mazkur magsadga erishish uchun quyidagi vazifalar
gadimiy sug‘orma dehqonchilik an’analarining shakllan-  belgilandi:
ganligi, rivojlangan transport-kommunikatsiya tarmoglari - Farg‘ona iqtisodiy rayoni shaharlari shakllanishining

hamda sanoat va xizmat ko‘rsatish sohalarining yuqori  tarixiy-geografik omillari hamda ularning rivojlanishiga
darajada taraqqgiy etganligi bilan ajralib turadi. Ushbu ta’sir etuvchi tabiiy, iqtisodiy va ijtimoiy omillarni aniglash
omillar mintagada shaharlar tarmog‘ining shakllanishi va  va tahlil gilish;

rivojlanishi uchun mustahkam iqtisodiy-geografik asos - mintaga shaharlari igtisodiy-geografik o‘rni, funksiya-

yaratgan. lari va xo‘jalik ixtisoslashuvining o‘ziga xos xususiyatlarini
Mintagadagi shaharlar tarixiy shakllanish jarayoni, o‘rganish;

igtisodiy-geografik o‘rni, xo‘jalik ixtisoslashuvi, demo- - Farg‘ona iqtisodiy rayoni shaharlarini genezisiga

grafik salohiyati va bajaradigan funksiyalariga ko‘ra o‘zaro  tipologik Klassifikatsiyalash hamda aholi soniga ko‘ra
farglanadi. Ayrim shaharlar yirik sanoat va xizmat shaharlar ierarxiyasini aniglash;
ko‘rsatish markazlari sifatida rivojlangan bo‘lsa, boshqalari Mavzuning o‘rganilishi. Shaharlar tipologiyasi va
transport tugunlari, agroindustrial markazlar yoki mahalliy  klassifikatsiyasi masalalari jahonda, shuningdek, MDH
ahamiyatdagi ma’muriy va servis markazlari vazifasini  geourbanistika maktabida keng o‘rganilgan. Shaharlarning
bajaradi. Shu sababli Farg‘ona iqtisodiy rayoni shaharlari iqgtisodiy-geografik o‘rni va hududiy funksiyalarini ilmiy
funksional tarkibi va ierarxik mavqeiga ko‘ra murakkab  asoslashda N.N.Baranskiy muhim o‘rin tutadi [9]. U
hamda ko‘p pog‘onali urbanistik tizimni tashkil etadi. shaharlarning rivojlanishida igtisodiy-geografik o‘rin hal
Mazkur magolaning magsadi Farg‘ona iqtsodiy rayoni  qiluvchi omillardan biri ekanligini ta’kidlagan. G.M.Lappo-
shaharlarini tarixiy shakllanish omillari, igtisodiy geografik — ning “I'eorpadus ropomos” asarida shaharlarni igtisodiy
—_— . e
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funksiyasi va hududiy ta’sir doirasiga ko‘ra klassifikatsiya-
lash masalasi chuqur tadqiq qilingan bo‘lib shaharlar
geografiyasini o‘rganishda muhim ilmiy manba hisoblanadi
[5]. Shuningdek, shaharlarning funksiyasi, genezisi,
ixtisoslashuvi, hududiy differensiallashuv masalalarini
chuqur tahlil gilgan  E.N.Pertsik [7], Y.G.Saushkin [9],
O.A.Davidovich [4] kabi olimlarning hissasi katta.
Germaniyada “Markaziy o‘rin” nazariyasi shaharlarning
xizmat ko‘rsatish funksiyasi hamda urban ierarxiyasini
tushuntirishda muhim metodologik asosi V.Kristaller
tomonidan ishlab chigilgan [10].

O‘zbekistonda geourbanistik tadqgiqotlar XX asrning
ikkinchi yarmidan boshlab rivojlana boshladi. Farg‘ona
vodiysi shaharlari bo‘yicha ilmiy izlanishlarning dastlabkisi
N.G.Smirnov tomonidan 1962-yilda yozilgan “Farg‘ona
vodiysi shaharlari” nomli asar hisoblanadi. Shuningdek
shaharlar rivojlanishiga hissa qo‘shgan urbanologlardan
Z.Akramov, T.Raimov, O.Ata-Mirzayev, A.Soliyev,
E.Ahmedov, A.Qayumov, T.Mallabayev, S.Tashtayeva,
M.Egamberdiyeva, P.Qurbonov va boshqalarni keltirish
mumkin.  Shaharlarni  zamonaviy qulaylik indeksini
baholash avvalo, shaharlar kelib chigishi, bajaradigan
funksiyasi, demografik salohiyati, ixtisoslashuvi va
infratuzilmalarning shakllanishi bilan bog‘liq [6]. Farg‘ona
igtisodiy rayonining yirik shaharlarini aholi yashashi uchun
yaratilgan qulay muhit, shaharlardagi xizmatlar sifati,
ekologik holat, transport qulayligi, ijtimoiy infratuzilma va
hayot farovonligi kabi ko‘rsatkichlar orqali kompleks
baholash masalalari yetarli darajada tadgiq etilmagan. Shu
jihatdan, mazkur tadgigot vodiy shaharlarining genezisi,
funksiyalari va hududiy rivojlanish xususiyatlarini nazariy
asos sifatida gabul gilgan holda, ularni zamonaviy qulaylik
indeksi mezonlari orgali baholashga qaratilganligi bilan
ilmiy-amaliy ahamiyat kasb etadi [6].

Tadqgiqot metodlari. Tadgigot jarayonida iqtisodiy-
geografik tahlil, tarixiy-tagqoslama, statistik guruhlash,
tipologik klassifikatsiya metodlaridan foydalanildi. Shahar-
larning shakllanish omillari, iqtisodiy ixtisoslashuvi va
hududiy funksiyalari asosida quyidagi genetik guruhlarga
ajratildi: Qadimiy savdo-hunarmandchilik shaharlari; sano-
atlashuv asosida shakllangan shaharlar; transport-geografik
o‘rin ta’sirida rivojlangan shaharlar; agroindustrial
markazlar; rekreatsiya va tog‘oldi hududlarida joylashgan
shaharlar.

Shuningdek, shaharlarning funksional tarkibini baho-
lashda ularning sanoat, xizmat ko‘rsatish, transport, savdo,
ma’muriy boshqaruv, rekreatsiya funksiyalari tahlil qili-
nadi. Aholisi soniga ko‘ra klassifikatsiyasi ishlab chiqiladi.

Natijalar va ularning muhokamasi. Farg‘ona iqtisodiy
rayoni O‘zbekistonning qadimiy urbanizatsiyalashgan
hududlaridan biri bo‘lib, Namangan, Andijon, Farg‘ona
viloyatlarini o‘z ichiga oladi. Maydoni 18,5 ming kv.km ni
tashkil etib, mamlakat hududining 4,2 % gismini egallaydi.
Aholisi 10 740,5 ming kishi (2025), mamlakat aholisining
30 foizini tashkil giladi. Urbanizatsiya darajasi 58 foiz.
Respublikadagi shaharlarning 23,3 foizi (120 tadan 28 tasi)
Farg‘ona iqtisodiy rayoni hissasiga to‘g‘ri keladi. Ularning
11 tasi Andijon, 8 tasi Namangan, 9 tasi Farg‘ona
viloyatlarida joylashgan. Mazkur ko‘rsatkichlar Farg‘ona
igtisodiy rayonining nafagat demografik salohiyati, balki
urbanistik rivojlanish darajasi jihatidan ham mamlakatning
yetakchi hududlaridan biri ekanligini ko‘rsatadi. Hududning
nisbatan kichik maydonda katta aholi va shaharlar
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tarmog‘ini mujassamlashtirgani, bu yerda urbanizatsiya
jarayonlarining uzoq tarixiy davrlar davomida shakllangan-
ligini hamda shaharlar rivojlanishiga ta’sir etuvchi omillar-
ning murakkab va ko‘p qirrali ekanligini anglatadi.
Aynigsa,  tabiiy-geografik  sharoitlarning  qulayligi,
sug‘orma dehqonchilikning qadimiy markazi sifatida
shakllanganligi, transport-kommunikatsiya tarmoglarining
rivojlanganligi, aholi zichligining yuqoriligi hamda hududiy
mehnat tagsimotining chuqurlashuvi mintagada turli
funksional yo‘nalishga ega bo‘lgan shaharlarning vujudga
kelishiga zamin yaratgan.

Shu bois igtisodiy rayon shaharlarini fagat ularning
hozirgi ijtimoiy-iqtisodiy holati nugtai nazaridan emas,
balki shakllanish omillari, rivojlanish bosqichlari va
hududiy funksiyalari asosida tadqiq etish muhim. Chunki
shaharlarning bugungi iqtisodiy qiyofasi va hududiy
mavqei ko‘p jihatdan ularning tarixiy genezisi hamda
shakllanishiga ta’sir ko‘rsatgan omillar bilan belgilanadi.
Mintaga shaharlarini genetik jihatdan guruhlash esa ular-
ning hududiy rivojlanish gonuniyatlarini aniglash, urbani-
zatsiya jarayonlarining xususiyatlarini baholash hamda
istigboldagi rivojlanish yo‘nalishlarini asoslash imkonini
beradi. Igtisodiy rayon shaharlarini shakllanish omillarini
o‘rganish davomida quyidagi guruhlarga ajratildi:

1.Qadimiy savdo-hunarmandchilik shaharlari — ushbu
guruhga Buyuk ipak yo‘li yo‘nalishlarida savdo,
hunarmandchilik, xizmat ko‘rsatish faoliyati ustun bo‘lgan
Andijon, Qo ‘qon, Marg ‘ilon, Namangan, Chust, Quva,
Rishton kabi shaharlar Kiritildi. Mazkur shaharlarning
genezisi Farg‘ona vodiysida qadimdan mavjud bo‘lgan
sug‘orma dehqonchilik vohalari, Buyuk Ipak yo‘li tarmoq-
lari hamda xalgaro va mintagaviy savdo alogalari bilan
chambarchas bog‘liq. Ular dastlab karvon yo‘llari bo‘yida
savdo manzillari, hunarmandchilik markazlari va mahalliy
bozorlar sifatida shakllanib, keyinchalik siyosiy-ma’muriy
hamda madaniy markazlarga aylangan. Ushbu shaharlar
urbanizatsiya jarayonining eng gadimiy gatlamini tashkil
etib, ko‘p asrlik tarixiy rivojlanish bosqichlarini bosib
o‘tganligi bilan ajralib turadi [12].

2. Sanoatlashuv asosida shakllangan shaharlar —
Asaka, Farg‘ona va Quvasoy shaharlari ushbu guruhga
mansub. Mazkur shaharlarning shakllanishi va o‘sishi XIX
asr oxiri — XX asr davomida mintaga sanoat ishlab
chiqarishning rivojlanishi, tabiiy resurslarni o‘zlashtirish
hamda yangi ishlab chigarish majmualarining barpo etilishi
bilan bog‘liq. Xususan, Farg‘ona shahri Turkiston o‘lkasida
Rossiya imperiyasi davrida yangi ma’muriy va harbiy
tayanch punkt sifatida vujudga kelib, keyinchalik neftni
gayta ishlash va kimyo sanoati markaziga aylangan [8].
Quvasoy shahri mahalliy mineral xomashyo resurslari
negizida qurilish materiallari sanoati rivojlanishi bilan
shakllangan bo‘lsa, Asaka shahri sanoatlashtirish siyosati
va avtomobilsozlik tarmoglarining rivojlanishi natijasida
yirik sanoat markazi sifatida taraqqiy etgan [10]. Ushbu
shaharlarning genezisi ishlab chigarish kuchlarini hududiy
joylashtirish jarayonlari bilan belgilanadi.

3. Transport geografik o‘rin ta’sirida rivojlangan
shaharlar — Poytug‘, Qo ‘rg‘ontepa, Qorasuv, Xo jaobod,
Pop, Xonobod, Toraqorg‘on, Uchqo‘rg‘on. Mazkur
shaharlarning vujudga kelishida transport yo‘llari kesishgan
nuqtalarda joylashganligi, temir yo‘l stansiyalari, avtomobil
yo‘llari, chegaraoldi hududlar va tranzit aloqalarning
rivojlanishi asosiy omil bo‘lgan. Ular dastlab transport




bekatlari, savdo almashuv punktlari yoki yo‘lbo‘yi aholi
punktlari sifatida shakllanib, keyinchalik urbanistik
markazlarga aylangan. Shuning uchun ushbu guruh shahar-
larining kelib chigishi transport-kommunikatsiya tizimlari-
ning rivojlanishi bilan uzviy bog‘liqdir.

4. Agroindustrial markazlar — Paxtaobod, Jalaqudug,
Marhamat, Beshariq, Shahrixon, Yaypan, Tinchlik,
Xaqqulobod, kabi shaharlarda agroservis, 0zig-ovgat
sanoati, paxtachilik, bog‘dorchilik mahsulotlarini qayta
ishlash asosida vujudga kelgan. Ushbu shaharlarning shakl-
lanishida sug‘orma dehgonchilikning rivojlanishi, yangi
yerlarning o‘zlashtirilishi, qishloq xo‘jaligi mahsulotlarini
yetishtirish va qayta ishlashga ixtisoslashgan xo‘jaliklar-
ning tashkil etilishi muhim rol o‘ynagan. Dastlab yirik
qishloq xo‘jaligi rayonlarining xizmat ko‘rsatish markazlari
sifatida vujudga kelib, keyinchalik sanoat va servis funksi-
yalarining rivojlanishi natijasida shahar magomini olgan.
Mazkur shaharlarning vujudga kelishi agrar igtisodiyot va
qishloq xo‘jaligi ishlab chigarishi bilan bog‘liq.

5. Rekreatsiya va tog‘oldi hududlarida shakllangan
Chortog va Kosonsoy shaharlari ushbu guruhga kiritildi.
Ularning vujudga kelishi va rivojlanishi tog‘oldi tabiiy
landshaftlari, mineral suv manbalari, qulay iglim sharoiti
hamda davolash-sog‘lomlashtirish resurslaridan foydalanish
bilan bog‘liq. Mazkur hududlar dastlab aholi dam olish va
davolanish maskanlari sifatida rivojlanib, keyinchalik
doimiy aholi yashaydigan joy hamda shahar tipidagi aholi
punktlariga aylangan. Shu bois ushbu shaharlarning gene-
zisi tabiiy-rekreatsion resurslarni o‘zlashtirish jarayonlari
bilan izohlanadi.

Ta’kidlash joizki, Farg‘ona iqtisodiy rayoni shaharlari-
ning aksariyati polifunksional xususiyatga ega bo‘lib,
shaharlarning rivojlanishida bir nechta omillar birgalikda
ishtirok etadi. Birog yuqorida keltirilgan genetik klassi-
fikatsiyada shaharlarning bugungi funksiyalari emas, balki,
dastlabki shakllanishida hal qgiluvchi rol o‘ynagan yetakchi
omillar asos qilib olindi. Shaharlar tizimining hozirgi
holatini to‘liq baholash uchun fagat shakllanish omillari
bilan cheklanib bo‘lmaydi. Shu sababli genetik klassi-
fikatsiyalashdan keyingi bosgichda shaharlarning demo-
grafik salohiyati va urbanistik ierarxiyadagi o‘rnini aniqlash
magsadida ularni aholi soniga ko‘ra klassifikatsiya qilish
zarur hisoblanadi.

1-jadval.Farg‘ona iqtisodiy rayoni shaharlarining

aholi soniga ko‘ra so‘ngi o‘n yillik o‘zgarishi

@ FIR shaharlari aholisi soni

S ‘—E g - (ming kishi)

5| Sg| 8

s €35 § Shaharlar Shaharlar

E\; NG| 2 2016-yil 2025-yil

wn
g gy s
c =[S
SS58

HWEslzg - - - -
EE|D E
— S5 M
= _g c—E Namangan [493,3| Namangan |713,4
'§, § _‘c: Andijon |416,3| Andijon |492,4

Il/'£ 8| & | Farg'ona |271,0| Fargiona |3284
3 E _E Qo‘qon 313,6
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AR ‘
S8 S Qo‘qon [236,8| Quvasoy |[103,1
m e <
EE o
§8 L | Marg’ilon |218,9
| X
o 5 Quvasoy | 96,9 | Shahrixon | 89,7
S &| | Shahrixon | 71,4 | Chust | 852
v 88| 2| chust [691] Asaka |805
2E| 5| Aska [622] Chortog | 642
§ = @ Chortog | 53,4 | Kosonsoy | 62,8
L0 © | Kosonsoy | 50,9 Quva 55,5
Quva 46,4 | Uchqo‘rg‘on | 47,3
Xonobod | 44,0 | Xonobod | 46,5
Uchqgo‘rg‘on | 40,7 Rishton 42,1
Rishton 34,8 Qorasuv 41,0
Paxtaobod | 34,4 | Paxtaobod | 40,3
ks _ Qorasuv 33,0 | Qo‘rgontepa | 38,1
€ | = [To‘raqo‘rg‘on| 30,3 |To‘raqo‘rg‘on| 36,9
'_g % Pop 28,0 | Xaqqulobod | 33,1
V| & | & | Xaqqulobod | 275 | Poytug® | 32,5
2 | £ [ Poytug® | 26,0 Pop 31,8
g § Qo‘rg‘ontepa| 25,8 | Jalaqudugq | 28,1
0 Besharig | 25,2 Beshariq 27,0
Jalaqudug | 24,0 Yaypan 27,0
Yaypan 22,1 | Xo‘jaobod | 24,9
Xo‘jaobod | 20,2 | Marhamat | 18,6
Marhamat | 16,4 Tinchlik 17,9
Tinchlik | 15,8
Jami 28 ta 28 ta
Izoh: Jadval muallif tomonidan Milliy statistika

go’mitasi ma’lumotlari asosida tuzildi.

O‘zbekiston Respublikasi  Shaharsozlik kodeksida
belgilangan mezonlar asosida Farg‘ona iqtisodiy rayoni
shaharlar tizimining aholi soni bo‘yicha murakkab va ko‘p
pogonali ierarxik tuzilishga ega ekanligini ko‘rish mum-
kin. Igtisodiy rayon shaharlari orasida aholisi 1 million
kishidan ortiq bo‘lgan eng yirik (“millioner”) shaharlar
shakllanmagan. Mazkur holat mintagada urbanizatsiya
jarayonlari klassik monotsentrik model asosida emas, balki
bir nechta yirik va o‘rta shaharlar o‘rtasida funksional vazi-
falar tagsimlangan politsentrik (ko‘p markazli) urbanistik
tizim shaklida rivojlanganligini anglatadi. Bu jihat Farg‘ona
igtisodiy rayonini respublikaning boshga hududlaridan
ajratib turuvchi muhim geourbanistik xususiyatlardan biri
hisoblanadi.

Shaharlar ierarxiyasining vaqt mobaynidagi transfor-
matsiyasini aniglash magsadida 2016 va 2025-yillar
ma’lumotlari qiyosiy tahlil qilindi (1-jadval). Tahlil
natijalari shuni ko‘rsatadiki, o‘n yillikka yaqin davr
mobaynida  mintaga shaharlar  tizimida  miqdoriy
o‘zgarishlar bilan bir gatorda sifat jihatidan ham muhim
siljishlar yuz bergan. Xususan, 2016-yilda Il toifadagi yirik
shaharlar guruhiga fagat Andijon, Namangan va Farg‘ona
shaharlari mansub bo‘lgan bo‘lsa, 2025-yilga kelib ushbu
toifa tarkibi Qo‘qon va Marg‘ilon shaharlari hisobiga
kengaydi. Natijada yirik shaharlar soni 3 tadan 5 taga yetdi.
Mazkur o‘zgarish mintaqadagi urbanizatsiya jarayonla-
rining yangi bosqichga o‘tganligini aks ettiradi. Chunki
shaharlarning yuqori toifaga o‘tishi faqat aholi sonining
ortishi bilan emas, igtisodiy-geografik mavgei, hududiy




ishlab chiqarish, xizmat ko‘rsatish salohiyati va funksional
ahamiyatini ortishi bilan bog‘liq. Qo‘qon shahri tarixan
Farg‘ona vodiysining yirik siyosiy, madaniy va savdo
markazlaridan biri sifatida shakllangan bo‘lib, hozirgi
davrda ham mintaqaning g‘arbiy qismida transport-
kommunikatsiya tuguni, sanoat va Xxizmat ko‘rsatish
markazi vazifasini bajarmogda. Shaharning Toshkent—
Farg‘ona transport yo‘lagi bo‘ylab joylashganligi, aholining
yuqori zichligi hamda ishlab chigarish va xizmat ko‘rsatish
sohalarining rivojlanganligi uning urbanistik salohiyatini
oshirishga xizmat qilgan. Marg‘ilon shahrining yirik
shaharlar toifasiga o‘tishi esa, avvalo, uning Farg‘ona—
Marg‘ilon  aglomeratsiyasi  tarkibidagi o‘rni  bilan
izohlanadi. Marg‘ilon tarixiy jihatdan hunarmandchilik va
ipakchilik markazi sifatida tanilgan, so‘nggi yillarda sanoat,
xizmat ko‘rsatish va tadbirkorlik faoliyatining rivojlanishi
natijasida iqtisodiy funksiyalari kengaydi. Shuningdek,
Farg‘ona shahri bilan hududiy yaqinlik va transport alogala-
rining kuchliligi ushbu shaharning demografik va igtisodiy
o‘sishini jadallashtiruvchi omillardan biri bo‘ldi.

Katta shaharlar (100-250 ming kishi) toifasida esa
aksincha qisqarish kuzatildi. 2016-yilda ushbu guruhga
Qo‘qon va Marg‘ilon shaharlari kirgan bo‘lsa, 2025-yilda
ularning yuqori toifaga o‘tishi natijasida mazkur guruhda
fagat Quvasoy shahri qolgan. Bu holat mintagada o‘rta va
katta shaharlarning yirik shaharlarga transformatsiyalanish
jarayoni kuchayib borayotganini anglatadi.

O‘rtacha shaharlar guruhida ham muayyan tarkibiy
o‘zgarishlar kuzatildi. 2016-yilda Quvasoy, Shahrixon,
Chust, Asaka, Chortoq va Kosonsoy shaharlari ushbu
toifaga mansub bo‘lgan bo‘lsa, 2025-yilda Quvasoyning
katta shaharlar guruhiga o‘tishi hisobiga uning o‘rnini Quva
shahri egalladi. Shahrixon (89,7 ming kishi), Chust (85,2
ming kishi) va Asaka (80,5 ming kishi) shaharlari mazkur
guruhning yetakchi markazlariga aylandi. Ushbu shaharlar
aholisi sonining ortishi ularning tuman markazi sifatidagi
ma’muriy mavqei, sanoat va xizmat ko‘rsatish funksiya-
larining rivojlanishi hamda ichki migratsiya ogimlarini jalb
etish qobiliyati bilan izohlanadi.

Kichik shaharlar guruhi son jihatdan ustun mavgeini
saglab qolmoqda. 2025-yilda Farg‘ona iqtisodiy rayonidagi
28 shaharning 16 tasi yoki 57,1 foizi ushbu toifaga mansub
bo‘ldi. Biroq ularning aksariyatida aholi sonining nisbatan
sekin o°sishi kuzatilmoqda. Aynigsa, Marhamat (18,6 ming
kishi), Tinchlik (17,9 ming kishi), Xo‘jaobod (24,9 ming
kishi), Yaypan (27,0 ming kishi) va Beshariq (27,0 ming
kishi) kabi shaharlar hali ham kichik urban markazlar sifati-
da shakllanib golmoqda. Bu esa urbanizatsiya jarayonining
hududiy jihatdan notekis kechayotganligini ko‘rsatadi.
Kichik shaharlarning aksariyati tuman markazlari, agroin-
dustrial punktlar yoki mahalliy xizmat ko ‘rsatish markazlari
sifatida faoliyat yuritadi. Ular hududiy mehnat tagsimotida
qishloq xo0°jaligi mahsulotlarini qayta ishlash, savdo, logis-
tika va aholiga kundalik xizmatlar ko‘rsatish orgali muhim
vazifalarni bajaradi. Shu sababli kichik shaharlarning son
jihatdan ustunligi urbanizatsiyaning sustligini emas, balki
mintaganing zich joylashgan aholi va tarixan shakllangan
aholi punktlari bilan bog‘liq ekanligini ko‘rsatadi.

2016-2025-yillar davomida Farg‘ona iqtisodiy rayoni
shaharlari tizimida demografik konsentratsiyaning kucha-
yishi, yirik shaharlar sonining ortishi va urban ierarxiyaning
murakkablashuvi kuzatildi. Natijada mintaganing shaharlar
tayanch tizizmi Namangan — Andijon — Farg‘ona — Qo‘qon
— M arg‘ilon kabi yirik markazlar atrofida shakllandi.
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Mazkur shaharlar iqtisodiy o‘sish, mehnat bozori, ta’lim,
xizmatlar va innovatsion rivojlanishning asosiy tayanch
nuqtalariga aylanmoqda. Bu esa Farg‘ona iqtisodiy rayo-
nida polisentrik shahar tizimining shakllanayotganligini
hamda urbanizatsiya jarayonining sifat jihatdan yangi
bosqichga o‘tayotganligini ko‘rsatadi.
2-jadval.Shaharlar kattaligiga ko‘ra
klassifikatsiyasining xalgaro va mabhalliy ilmiy
yondashuv asosidagi giyosiy jadvali (ming Kishi)
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Izoh: Jadval muallif tomonidan [1], [3], [10], adabiyot-
lar asosida tuzildi.

Shaharlarni aholi soniga ko‘ra klassifikatsiya qilishda
turli  mamlakatlar va geourbanist olimlarning ilmiy
yondashuvlari o‘rtasida umumiy bog‘liglik mavjud. Biroq
ayrim mezonlari bir biridan farq giladi (2-jadval). Barcha
yondashuvlarda yirik va katta shaharlar alohida guruh sifa-
tida ajratilgan bo‘lib, bu shaharlarning hududiy rivojlanish-
dagi o‘rni muhim ahamiyatga ega ekani bilan izohlanadi.
Germaniya shaharsozlik maktabi boshga yondashuvlardan
keskin farg giladi. Unda aholisi 100 ming kishidan ortiq
bo‘lgan barcha shaharlar yirik shaharlar qatoriga kiritilgan.
Rossiya, O‘zbekiston hamda MDH geourbanistika maktabi
vakillari  bo‘lgan  V.G.Davidovich, G.M.Lappo va
E.N.Pertsik klassifikatsiyalarida esa yirik shaharlar uchun




minimal chegara 250 ming kishi deb belgilangan. Bu holat
Germaniyada urbanizatsiya darajasining yugoriligi hamda
shaharlar tarmog‘ining rivojlanganligini anglatadi.

MDH geourbanistika maktabi olimlari tomonidan ishlab
chiqilgan klassifikatsiyalar o‘zaro yaqinligi bilan ajralib
turadi. Xususan, V.G.Davidovich, G.M.Lappo, E.N.Pertsik
hamda A.A.Soliyev va D.E.To‘xtaboyeva [11] tomonidan
taklif etilgan klassifikatsiyalarda yirik, katta va o‘rta sha-
harlar uchun deyarli bir xil aholi soni mezonlari qo‘llangan.
Bu esa mazkur yondashuvlarning yagona geourbanistik
maktab asosida shakllanganligini ko‘rsatadi. Shuningdek,
ushbu Kklassifikatsiyalarda 20-50 ming kishilik aholi
punktlari alohida “yarim o‘rta shaharlar” guruhi sifatida
ajratilgan. O°zbekiston Respublikasi Shaharsozlik kodeksi
va Rossiya shaharsozlik amaliyotida esa bunday shaharlar
kichik shaharlar tarkibida baholanadi. Natijada 20-50 ming
kishilik shaharlarning urbanistik salohiyati va hududiy
funksiyalarini alohida baholash imkoniyati cheklanadi.
V.P.Semyonov-Tyanshanskiy klassifikatsiyasi esa eng qa-
dimgi yondashuvlardan biri bo‘lib, unda shaharlar nisbatan
kichik aholi soni diapazonlari asosida guruhlashtirilgan.
Masalan, 1-5 ming kishilik aholi punktlari ham alohida
shahar kategoriyasi sifatida ko‘rsatilgan. Bu holat XX asr
boshlarida urbanizatsiya darajasi hozirgiga nisbatan ancha
past bo‘lganligini aks ettiradi.

Zamonaviy geourbanistik tadgiqotlar uchun
V.G.Davidovich,  G.M.Lappo,  E.N.Pertsik  hamda
A.ASoliyev va D.E.To‘xtaboyeva klassifikatsiyalari

nisbatan mukammal hisoblanadi. Biroq Farg‘ona vodiysi
shaharlarini urban tizimdagi o‘rni aniq namoyon qilish
imkonini bermaydi. Shu bois Farg‘ona mintaqasi shahar-
larini alohida o‘rganish uchun yuqorida keltirilgan
manbaalar asosida klassifikatsiya ishlab chigildi.
3-jadval.Farg‘ona iqtisodiy rayoni shaharlarining
aholi soni bo‘yicha klassifikatsiyasi (2025)

Shaharlar
funksional
tavsifi

Aholi soni (ming
Kishi)
shaharlari

Shahar toifasi
Farg‘ona mintaqasi

Shahar kategoriyasi
Aholisi (ming kishi )
Shaharlar aholisi tar-
kibidagi ulushi (%)

Mintagada
aholi soni tez
o‘sadigan,
ishlab
chigarish,
Xizmat
ko‘rsatish
rivojlangan.
Mintaga
miqyosidagi
boshgaruv,
igtisodiy va
Xizmat
ko‘rsatish
funksiyalari
mujassam-
lashgan yirik

urban
markazlar

500
| |dan
ortiq

Juda
yirik

Namangan

Andijon 12316

36,5

Farg ‘ona

Qo ‘qon
Marg ‘ilon

250-

500 Yirik 916,6 |27,4
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I1zoh: Jadval muallif tomonidan shakllantirildi.

Farg‘ona iqtisodiy rayoni shaharlari uchun ishlab
chigilgan klassifikatsiya mavjud xalgaro va milliy yonda-
shuvlardan farqli ravishda mintaqaning o‘ziga xos demo-
grafik va urbanistik xususiyatlari hisobga olindi. Mazkur
klassifikatsiyaning asosiy fargi shundaki, shaharlar fagat
aholi soni bo‘yicha emas, balki ularning hududiy funksiya-
si, xizmat ko‘rsatish darajasi, iqtisodiy salohiyati va urban
tizimdagi o°‘rni ham inobatga olingan.

Mazkur klassifikatsiyasiga ko‘ra, iqtisodiy rayonda
aholi hududlar bo‘yicha notekis tagsimlangan. Aholi asosan
yirik va juda yirik shaharlarda konsentratsiyalashgan.
Jumladan, juda yirik shaharlar toifasiga kiruvchi Namangan
va Andijon shaharlari mintaga shaharlari aholisi umumiy
sonining 36,5 foizini o‘zida mujassamlashtirgan. Mazkur
shaharlar igtisodiy rayonning asosiy demografik, sanoat,
transport va xizmat ko‘rsatish markazlari sifatida ajralib
turadi. Ayniqsa, Namangan shahri aholi soni bo‘yicha
mintaganing eng yirik urban markazi bo‘lib, uning ta’sir
zonasi viloyat chegaralaridan tashgariga ham chigmoqda.

Ikkinchi toifaga mansub Farg‘ona, Qo‘qon va Marg‘ilon
shaharlari jami shahar aholisining 27,4 foizini tashkil etadi.
Natijada | va Il toifadagi beshta yirik shahar hissasiga
mintaqa shahar aholisining 63,9 foizi to‘g‘ri kelmoqda. Bu
ko‘rsatkich urbanizatsiya jarayonining yuqori darajada
markazlashganligini hamda mintaganing urban rivojlanishi
bir necha tayanch markazlar atrofida shakllanayotganligini
anglatadi.

Katta shaharlar toifasida fagat Quvasoy shahrining
mavjudligi mintaga shaharlar tizimida o‘ziga xos «demo-




grafik bo‘shlig» shakllanganligini ko‘rsatadi. Ya’ni, aholi
soni bo‘yicha 100 — 250 ming kishilik shaharlar sonining
kamligi urban ierarxiyaning muvozanatli rivojlanmagan-
ligini anglatadi. Bunday holat yirik markazlar bilan o‘rta
shaharlar o‘rtasidagi funksional va demografik tafovutlar-
ning ortishiga sabab bo‘lishi mumkin.

O‘rta shaharlar guruhi (21,1%) mintaganing hududiy
tayanch tizimida muhim o‘rin egallaydi. Shahrixon, Chust,
Asaka, Chortoq, Kosonsoy, Quva, Rishton, Paxtaobod,
Qorasuv, Uchqo‘rg‘on va Xonobod kabi shaharlar tuman-
lararo xizmat ko‘rsatish, sanoat mahsulotlari ishlab
chiqgarish, savdo va transport alogalarini tashkil etuvchi
markazlar sifatida faoliyat yuritadi.

Kichik va juda kichik shaharlar hissasiga mos ravishda
9,7 va 1,4 foiz shahar aholisi to‘g‘ri kelmoqda. Son jihatdan
ular mintagadagi barcha shaharlarning gariyb 40 foizini
tashkil etsa-da, aholi salmog‘i bo‘yicha ulushi atigi 11,1
foizni tashkil etadi. Bu holat urban tizimda aholi va iqti-
sodiy faoliyatning yuqori darajada konsentratsiyalashgan-
ligini tasdiglaydi. Shu bilan birga, mazkur shaharlar gishlog
va shahar hududlari o‘rtasidagi funksional bog‘lovchi
bo‘g‘in vazifasini bajarib, aholiga kundalik xizmatlar
ko‘rsatish, mahalliy mehnat bozorini shakllantirish va
hududiy ijtimoiy infratuzilmani rivojlantirishda muhim
ahamiyat kasb etadi.

Xulosa. Tadqiqot doirasida Farg‘ona iqtisodiy rayoni
shaharlarining  kelib  chiqishi, shakllanish  omillari,
funksional vazifalari, xo‘jalik ixtisoslashuvi, demografik
salohiyati hamda mintaqaviy shaharlar tizimidagi o‘rni
kompleks tahlil qilindi. Olib borilgan tahlillar Farg‘ona
iqtisodiy rayoni O‘zbekistonning qadimiy urbanizatsiya-
lashgan, aholi zich joylashgan va ko‘p markazli shaharlar
tizimiga ega hududlaridan biri ekanligini ko‘rsatdi.

Birinchidan, mintaga shaharlari shakllanishining genetik
asoslari aniglanib, ularning mualliflik genetik Klassi-
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fikatsiyasi ishlab chigildi. Tadgigot natijalari shuni
ko‘rsatdiki, Farg‘ona iqtisodiy rayoni shaharlari rivojlan-
ishida gadimiy savdo-hunarmandchilik an’analari, sanoat-
lashuv jarayonlari, transport-geografik o‘rin, agroindustrial
faoliyat hamda rekreatsion resurslar asosiy omillar sifatida
namoyon bo‘lgan.

Ikkinchidan, shaharlarning funksional tarkibi va xo‘jalik
ixtisoslashuvi tahlili ularning aksariyati polifunksional
xususiyatga ega ekanligi aniglandi. Namangan, Andijon,
Farg‘ona, Qo‘qon va Marg‘ilon shaharlari mintaqaning
iqtisodiy, ma’muriy, sanoat va xizmat ko‘rsatish markazlari
sifatida shakllangan bo‘lsa, o‘rta va kichik shaharlar asosan
tumanlararo xizmat ko‘rsatish, mahalliy sanoat va qishloq
xo‘jaligi mahsulotlarini qayta ishlash funksiyalariga
ixtisoslashgan.

Uchinchidan, xalgaro va milliy geourbanistik yonda-
shuvlar hamda Farg‘ona iqtisodiy rayonining demografik
xususiyatlari asosida shaharlarning aholi soni bo‘yicha
klassifikatsiyasi ishlab chiqildi. Tadqiqot natijalariga ko‘ra,
mintaqada 2 ta juda yirik, 3 ta yirik, 1 ta katta, 11 ta o‘rta,
10 ta kichik va 1 ta juda kichik shahar mavjudligi aniglandi.
Shu bilan birga, juda yirik va yirik shaharlar hissasiga jami
shahar aholisining 63,9 foizi to‘g‘ri kelishi shahar aholisi va
igtisodiy salohiyatning yirik markazlarda yuqori darajada
konsentratsiyalashganligini ko‘rsatdi.

Ishlab chigilgan genetik, funksional va demografik
klassifikatsiyalar Farg‘ona iqtisodiy rayoni shaharlarining
nafaqat aholi soni bo‘yicha farqlanishini, balki ularning
mintagaviy urbanistik tizimdagi funksional mavgei va
rivojlanish salohiyatini ham ochib beradi. Mazkur yon-
dashuv hududiy rivojlanishni ilmiy asosda rejalashtirish,
shaharlar ierarxiyasini baholash hamda Farg‘ona iqtisodiy
rayoni yirik shaharlarida yashash muhitining qulaylik
indeksini aniglash uchun muhim metodologik asos bo‘lib
xizmat giladi.
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QARAQALPAQSTAN AYMAGINDA TOPIRAQ QATLAMLARININ TABIYIY STRUKTURASININ
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BJIUSHUE AHTPOIIOTEHHbBIX ®»AKTOPOB HA U3MEHEHME IIPUPOJTHOM CTPYKTYPBI
MNOYBEHHBIX CJIOEB HA TEPPUTOPUUN KAPAKAJIITAKCTAHA
HypaanoB A6mmzkan CaruHAMKOBHY — cmapuiuti npenodasamens
Hyxyccxuii 20cyoapcmeennbitl nedazo2udeckutl UHCMumym umenu Axcunuasa

THE IMPACT OF ANTHROPOGENIC FACTORS ON THE CHANGE IN THE NATURAL STRUCTURE
OF SOIL LAYERS IN THE TERRITORY OF KARAKALPAKSTAN
Nurlanov Abdijan Sagindikovich — senior teacher
Nukus State Pedagogical Institute named after Ajiniyaz

Tayanch so‘zlar: Qaraqgalpagstan topiraglari, antropogen skelet, texno-gorizontlar, topiraq degradaciyasi, shorlaniw,
Avral tenizi, ekologiyaliq yadro, texnogen gatlamlar, melioraciya, jer resurslari.

Rezyume. Maqalada regiondagi suwgarmali diyqanshiliqtin meliorativlik jumuslari, sanaat, turmisliq shigindilar ham
Aral tenizi krizisi natiyjesinde topiraq qatlaminda jizege kelgen texnogen oOzgerisler haqqinda bayan etilgen.
Texno-gorizontlardin topiraqtin biologiyaliq aktivligi ham ekologiyaliq turaqliligina tasiri bahalanadi.

KiroueBble c¢JI0oBa. IOYBEI KapaKannaKCTaHa, aHTpOHOFeHHbIﬁ CKCJICT, TCXHO-TOPU3OHTHI, JACrpajanusd I0YB,
3aCOJICHHUC, ApaJH)CKOG MOP€, 3KOJIOTHYCCKOC AP0, TCXHOI'CHHBIE CJIOU, MEJIMOpalius, 3€EMEJIbHBIC PECYPCHI.

Pe3ome. B crathe paccMaTpuBaOTC BOIIPOCHI O TEXHOTCHHbIX M3MCHCHHU MMOYBCHHBIX CJIIOCB PETHOHA B PC3yJIbTATC
MCJIMOPATUBHBIX pa60T OopomIacMbIX 3EMJICACINSA, NIPOMBIIIJICHHBIX U OBITOBBIX OTXOHOB, a4 TAKKC KpH3UCaA ApaJ'ILCKOFO
MOpsI. OI.[GHI/IBaeTCH BJIMSTHUC TCXHO-TOPU30HTOB HA 6I/IOHOFI/I‘IGCKy}O AKTUBHOCTB U DKOJIOTHYCCKYIO YCTOﬁQHBOCTL IIOYBBI.

Key words: soils of Karakalpakstan, anthropogenic skeleton, technogenic horizons, soil degradation, salinization, Aral
Sea, ecological core, technogenic layers, land reclamation, land resources.

Summary. The article examines the technological changes in the region's soil layers resulting from irrigated
agriculture, industrial and household waste, as well as the Aral Sea crisis. The impact of technogenic horizons is being
assessed on soil biological activity and ecological stability.

Kirisiw. Tabiyiy ortaliq XXI &sirdin songi jillarinda  shiyki zatin jetistiriwde egislik jerlerdin shekten tis
ilimiy texnikaliq progress jetiskenlikleri menen qurallangan  ashiliwina baylanisli neshshe asirlerden beri tenizdi suw
6ndiris kiishlerinin ham adamlardin tasiri natiyjesinde Gilken ~ menen tamiynlep kelgen Amiwdarya ham Sirdaryanin suw
ozgerislerge ushiramaqta. Xaliq saninin tez pat penen 6sip  resurslarinan racionalli paydalanbawi natiyjesinde Aral
bariw1 ham olardin kundelikli talaplarina saykes sanaat ham  tenizinin quriwi menen ekologiyaliq krizis jagdaylarinin
awil xojaligi Onimleri menen tamiynleniwde ondiristegi payda boliwina alip keldi. Maydani 68 mi km? bolgan
progrestin artip bartwi, tabiyiy ortaliqtagi atmosferanin, Orayliq Aziyadagi en iri kéllerdin biri bolgan Aral tenizi
suwlardin ham topiraq qatlamlarinin pataslaniwina, 6simlik  keyingi 45-50 jil ishinde tenizdin qaddi 53 absalyut
ham haywanat dunyasimii kemeyiwine, hétteki birneshe  metrden 8,7 metrge tomenlep, suw maydam 3500-3800 km?
min  jillar dawaminda buzilmay kiyatirgan tabiyat ge qisqardi, al suwimin duzlilign bolsa tislik Araldin batis
baylanislarmin  belgili darejede  6zgeriwine sebepshi  boliminde 120-180 g\l ge koterilip, tefizdin suwdan
bolmagta. qurgagan maydam 4,8 mln gektardan asip ketti.

Bul aymaqtin tabiyiy-klimat sharayatlarinin 6zgeriwi, Aral tenizi suw beti koleminin qisqariwi natiyjesinde
Amiwdarya deltass menen baylanish geomorfologiyaliq  teniz atirapindag: jerlerden 800 mun gektarga shamalas
ozgeshelikleri ham Aral tenizi krizisi menen Otip atirgan  qamuslar quwrap qaldi, 1,3 mln ga togayliglar 1galligtin
ekologiyaliq processler topiraq qatlaminin galiplesiwi haAm  jetispewi natiyjesinde joq bolip ketiw gawipi bar. Tabiyiy
rawajlaniwina kushli tasir etpekte. jaylawlardin zuraatliligi 5 mln centner ot jem birligine

Qaraqalpagstan ~ aymaginda shol sharayatinda  tomenlep, 100 ge jaqin iri ham mayda koller quwrap
suwgarmali  diyqanshiligtin  rawajlaniwi, meliorativlik  olardin orninda shorlaqlar payda boldi [1].
ilajlardin uzaq jillar dawaminda amelge asiriliwi, sanaat Hazirgi dawirde jer resurslarinan paydalaniw procesinde
ham transport infrastrukturasimin rawajlaniwi natiyjesinde  antropogen faktordin kusheyip bariwi topiraq qaplaminin
topiraglardin  tdbiyiy evolyuciya joli sezilerli darejede  tabiygiy duzilisi hdm funkcional 6zgesheliklerine sezilerli
ozgeriske ushiragan. Natiyjede topiraq profilinde insan  tasir korsetpekte. Asirese, qurgagshil ham yarim qurgagshil
iskerligi tésirinde qaliplesken jasalma qatlamlar, yagnity aymagqlarda jaylasqan regionlarda topiraq degradaciya
texno-gorizontlar payda bolip, olar topiraqtin antropogen  processleri tezlesip, ekologiyaliq turagliliqtin buziliwi
skeletin quramaqta. Bul skelet topiraqtin fizikaliq-  global mashqalalar qatarina kirip barmagqta.

ximiyaliq, biologiyaliq ham ekologiyaliq qasiyetlerine Keyingi jillarda Aral tenizi jagalawlarinda hawa rayinin
tikkeley tasir korsetip, onii énimdarligin ham turaqhiligin =~ klimathq sharayatlarinin  belgili darejede  6zgeriwi
tomenletiwshi tiykarg: faktorlardan birine aylangan. sezilmekte. Jawin-shashinlardin =~ ortasha ~ mugdan

Tiykargt bélim. 1960-80-jillarda Orayliq Aziya mawsimler boynsha tomenledi, teniz suwinin qaytiwi
respublikalar1 ekonomikasinin agrar tarawindagi paxta menen qurgaq territoriyalardin maydanm kobeyip, jer
—_—_____ e
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betinen ortasha suwdin parlaniwi jilina 1700 mm ge jetti, al,
hawanin 1gallig1 10 % ke kemeydi. Hawanifi temperaturasi
qista tomenlep jazda 3-5 gradusqa koterildi. Jaz
mawsiminde hawa raymih temperaturast ayirim kinlerde
+50 S° shekem jetti.

2020-j11 izertlew magliwmatlarina qaraganda eger jer
juzinde globallasiw hazirgi mugdarda dawam etse yarim
asir ishinde jer juzi xalqmn 3,5 milliard adami jaramsiz
hawa rayr sharayatinda jasawr mumkin. Jilliq ortasha
temperatura +29 S dan asatugin jer qurgaqligimin (Saxara
sholine usagan) uliwma maydan1 0,8 procentinen 19
procentke koteriledi. Jerdegi ortasha jilliq temperaturanin
har bir qosimsha darejege koteriliwi milliardga jaqin
adamlardi jasaw1 ushin jaramsiz hawa ray1 sharayatlarinda
galiwi mamkin [2].

Aral tenizinin quriwi menen baylanisli ekologiyaliq
krizis Qaraqalpagstan topiragqlarmin jagdaymn jane de
quymlastirdi. Teniz tubinen koterilip atirgan duz ham shan
aerozollar topiraq betinde texnogen qatlamlar payda etip,
shorlaniw ham sholleniw processlerin kusheyip barmagta.
Bul jagday topiraqtin ckologiyaliq yadrosin halsiretip,
tabiygly 6zin-6zi tiklew mexanizmlerin izden shigarmaqta
[3]. Sol sebepli aymaq topiraglarinda qaliplesken
antropogen skelet ham texno-gorizontlardin kelip shigiwi,
rawajlantw basqishlart ham ekologiyaliq aqibetlerin teren
ilimiy tiykarda tyreniw bul global masshtabta insanlar
keleshegi aldinda turgan en ahmiyetli maselelerdin biri
bolip qalmagqta.

Insanlar tarepinen tabiyatqa bolgan qatnasindagi
ozgerisler hazirgi dawirde sonday ulken masshtabta boldi,
olar tabiyattin rawajlamiwinda jiz beretugin  ten
salmagliqtin buziliwia qawip tuwdirmaqta. Uzaq waqitlar
dawaminda tabiyat adamlar ushin zarar bolgan materialliq
bayliglardi tawsilmaytugin derek sipatinda qarap kelgen.
Tawsilatugin resurslar 6z nawbetinde qayta tiklenetugin
ham qayta tiklenbeytugin bolip bolinedi. Qayta
tiklenbeytugin resurslar paydalangan waqitqa qaraganda
100 marte 4aste qayta tiklenetugin yamasa qayta
tiklenbeytugin resurslardi 6z ishine aladi. Tabiyat resurslart
har quyli tezlikte tiklenedi: haywanlar — bir neshshe jilda,
togaylar 60-80 jilda 6nimdarligin jogaltqan topiraqlar — bir
neshshe mun jillarda qayta tiklenedi. Paydalamiw teziligi
qayta tikleniw darejesinen asip ketse onda putkilley joq
bolip ketiwine alip keledi.

Otkerilgen  ilimiy  tallawlar ~ som  korsetedi,
Qaraqalpagstan aymaginda topiraq qaplamimin hazirgi
jagdayr uzaq jillar dawaminda otken intensiv antropogen
tasirlerdin quramali natiyjesi bolip tabiladi. Insan xojaliq
iskerligi topwraqtin  tabiyiy evolyuciyaliq rawajlamw
procesin tezlestirip, kop jagdaylarda onin ekologiyaliq
turaqliligin  izden shigargan. Antropogen skelettin
qaliplesiwi topiraq profilide jana texno-gorizontlardin
payda boliwina alip kelip, tdbiyiy gorizontlar menen 6z ara
guramali baylanist1 juzege keltirgen.

Qaraqalpaqgstan topiraglarinda antropogen skelet hdm
texno-gorizontlardin qaliplesiw processlerin ilimiy jaqtan
bahalawda bir qatar ilimpazlardin kézqaraslart ahmiyetli
teoriyaliq tiykar bolip xizmet etedi. Atap aytqanda, dézbek
topiraqtaniwshist  A..Abdullaevtin  atap  otiwinshe,
suwgarilatugin aymaqlarda topiraqtin tabiygly
morfologiyaliq duzilisi insan iskerligi natiyjesinde 6zgerip,
jana antropogen qatlamlar qaliplesedi ham bul process
topiraq evolyuciyasinin jasalma tezlesken basqishi sipatinda
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kérinedi. Omin pikirinshe, bunday aymaqlarda topiraq
onimdarligin saqlaw ushin biologiyaliq belsendi qatlamdi
qorgaw birinshi gezektegi waziypa esaplanadi[4].

Melioraciya tarawindagi izertlewleri menen tanilgan
N.Tursunov suwgariw sistemalarinin naduris basqariliwi
topiraqtin ekilemshi shorlaniwina alip keletuginin ayriqsha
atap Otedi. Ilimpazdin pikirinshe, jer asti suwlar1 qaddinin
kéteriliwi  ham minerallastirilgan  suwlardin ~ kapillyar
koteriliwi natiyjesinde topiraq profilinde shorli texno-
gorizontlar qaliplesedi ham bul process agroekosistema
turaqliligina tlken qawip tuwdiradi [5].

Egislik jerlerdin shorlaniwi natiyjesinde topiraqtin
onimdarligin tdmiynleytugin gumus shirindileri témenlep
topiraq bonitetine keri tasirin tiygizbekte. Misali 2008- jilda
Qaraqalpagstanda awil xojaligt Onimlerin jetistiriwdin
kolemi 1980 jilga salistirganda paxta jetistiriw 41,7 % ke,
galle jetistiriw 57,7 % ke, sal1 jetistiriw 5,8 % ke tomenlep
ketken.

Aralboyt aymagqlarmin ekologiyaliq mashqalalarin
uyrengen R.Xojaniyazov bolsa Aral tenizi ultaninan
tarqalgan duz ham shan aerozollar1 Qaraqalpagstan
topiraqlarinin  joqari qatlaminda jana texnogen qaplam
payda etkenin atap otedi. Onin ilimiy juwmaglarina bola,
bul aerozol qatlamlar topiraqtin fizikaliq qasiyetlerin
jamanlastirip, biologiyaliq aktivligin keskin tomenletedi
ham shoélleniw procesin tezlestiredi [6]. Suwgarnw
natiyjesinde payda bolgan texno-gorizontlar aymagqgta
topiraq degradaciyasinin tiykargi faktorlarman biri bolip,
olar suw-hawa rejiminin buziliwi, mexanikaliq tigizlamw
ham ekilemshi shorlaniw processleri menen tig1z baylanisl.
Bul jagday topiragtin biologiyaliq aktivligin témenletip,
mikroorganizmler ham  topiraq  biotast  jumisinin
shekleniwine alip keledi. Natiyjede topiraqtin ekologiyaliq
yadrosi halsirep, onin 6zin-6zi tiklew imkaniyatlari keskin
azayadi. Shorli ham shorlagli texno-gorizontlar bolsa bul
processti jane de terenlestirip, Osimlikler ushin
fiziologiyaliq stresti kusheytetugin ortaliqti qaliplestiredi.

Ondirislik karxanalar menen transporttin atmosfera
quramina shigarip atirgan zaharli gazlerinin tasirinde jer
juzinde  klimat  sharayatlarmin  6zgeriwine  shol
maydanlarimin  artip bartwi menen suw resurslarinin
kemeywi, awil xojaliq egislik jerlerdin o6nimdarliginin
paseyiwi, sheklenbegen tirde ximiyaliq toginler
pesticitlerdi paydalaniwdin artiwi natiyjesinde har jili 4,0-
4,7 million gektardan aslam jer resurslart xojaliq
aylanisinan  shigip, tabiyiy ortaliqun  ekologiyaliq
digradaciyaga ushirawi artpaqta.

Sanaat ham turmisliq shigindilar tasirinde qaliplesken
texnogen qatlamlar aymagqta salistirmali kishi maydanlard
iyelegen bolsa da, olardin ekologiyaliq qawiplilik darejesi
joqariligt menen ajiralip turadi. Bunday qatlamlar
quraminda ushirasatugin awir metallar ham basqa da ziyanl
birikpeler topiraq arqali aziq shinjirina kirip bariw qawpin
payda etedi. Bul bolsa topiraqtin tek gana awil xojalig
dhmiyetin  emes, al omn  sanitariyaliq-gigienaliq
funkciyalarin da sezilerli déarejede shekleydi. Aral tenizi
ultaninan tarqalgan aerozol gatlamlar bolsa topiraq betin
gaplap, samal eroziyasin kusheytedi ham sholleniw
procesinin jedellesiwine sebep boladi.

Aral tefiizi qurgagan ultaninan koterilgen 80-100 min
tonna duzli, quml shanlar tenizden 500 km araliglarda
maksimal tarqalip awil xojaliq egislik jerlerinin kushli
shorlamiwina  sebepshi ~ bolmaqta. Qaraqalpagstan




Respublikas1 boyimnsha uliwma egislik maydanlariin 26,2
procenti halsiz shorlangan, 37,2 proceni orta shorlangan,
35,2 procenti kushli shorlangan, 1,2 procenti juda kushli
shorlangan topiraqlar qataria kiredi.

Antropogen skelet qansha kusheyse, topiraqtin
biologiyaliq belsendi hdm o6nimdarliq boélegi sonsha
qisqaradt. Bul jagday aymaqta agroekosistemalardin
turagliligina  ulken qawip tuwdirip, awil xojaligi
onimdarligin tomenletedi ham ekologiyaliq qawipsizlikti
tamiyinlew maselesin qiymlastiradi. Sol sebepli texno-
gorizontlardi tek gana topiraqtin buzilgan qatlamlar
sipatinda emes, al aymaqtagt uliwma ekologiyaliq
sistemanin ahmiyetli indikatorlar1 sipatinda bahalaw zarur.

Topiraq degradaciyast hdm shoélleniw proceslerin
izertlegen B.Ortiqov qurgaqgshil aymagqlarda antropogen juk
artiwi  natiyjesinde topiraqtin  ekologiyaliq  yadrosi
qisqariwin atap otedi. Onin pikirinshe, texno-gorizontlardin
keneyiwi topiraqtin 6zin-6zi tiklew gabiletin tomenletedi
ham bul process uzaq muddette jer resurslarinin
turagliligina unamsiz tasir korsetedi [7]. Sonday-ag,
S.Karimov antropogen ozgergen topiraqlardi bahalawda
olardin ximiyaliq qurami menen bir qatarda biologiyaliq
korsetkishlerin de esapqga aliw zarGrligin atap otedi.
Ilimpazdin pikirinshe, topiraqtin ekologiyaliq jagdayin toliq
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bahalaw ushin gumus mugdari, mikrobiologiyaliq
belsendilik hdm duz rejimi kompleksli tirde uyreniliwi
kerek.

Juwmag. Qaraqalpaqstan topiraqlarinin antropogen
skeleti ham texno-gorizontlarinin geografiyaliq
evolyuciyast aymaqta juz berip atirgan ekologiyaliq ham
xojaliq processlerinin tikkeley korinisi bolip tabiladi.
Izertlewler sonmi korsetedi, suwgarilatugin diyqanshiligtin
keneyiwi, meliorativlik sistemalardin uzaq muddetli tasiri,
sanaat ham turmisliq shigindilar jane Aral tenizi krizisi
natiyjesinde topiraq qaplaminin tabiygty strukturasi sezilerli
darejede o6zgergen. Natiyjede topiraq profilinde tarli kelip
shigiwga iye bolgan texno-gorizontlar qaliplesip, olar
topiraqtin ekologiyaliq yadrosin halsiretken.

Texno-gorizontlardin tipologiyaliq analizi olardin kelip
shigitwi ham ekologiyaliq aqibetlerin terenirek anlaw
imkaniyatin berdi. Suwgartw ham shorlamiw menen
baylanisli texno-gorizontlar aymaqta en ken tarqalgan
bolip, topiraqtin onimdarliginin tdmenlewine tiykargi rol
atqaradi. Sanaat ham texnogen qatlamlar bolsa ekologiyaliq
qawip daregi sipatinda ayrigsha itibardi talap etedi. Aral
ultaninan tarqalgan aerozol qatlamlari topiraq degradaciyasi
ham  sholleniw  processlerin  kusheytip, aymaqtin
ekologiyaliq turaqliligina tilken qawip tuwdirmagqta.
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IMPACTS OF GLOBAL CLIMATE CHANGE ON THE NATURAL LANDSCAPES
OF UZBEKISTAN AND THEIR CONSEQUENCES
Ochilov Sanjar Zokirovich — doctoral student
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Tayanch so‘zlar: global iglim o‘zgarishi, geoekologik holat, tabiiy landshaftlar, geotizimlar, qurg‘oqchilik, cho‘llanish,
harorat dinamikasi, atmosfera yog‘inlari, suv resurslari, antropogen bosim, tuproq degradatsiyasi, bioxilma-xillik, ekologik
bargarorlik, landshaft transformatsiyasi.

Rezyume. Magqolada global iglim o‘zgarishining O‘zbekiston tabiiy landshaftlari va geotizimlarining geoekologik
holatiga ta’siri tahlil gilingan. Tadqiqotda havo haroratining oshishi, yog‘inlarning notekis tagsimlanishi, qurgogchilik,
cho‘llanish, suv resurslarining kamayishi hamda antropogen omillar natijasida landshaftlarda yuz berayotgan o‘zgarishlar
ilmiy manbalar asosida yoritilgan. Shuningdek, iglim o‘zgarishining tuproq, o‘simlik goplami, bioxilma-xillik va
gidrologik rejimga ta’siri baholanib, ularni bargaror boshgarishning ilmiy-amaliy ahamiyati asoslab berilgan.

KiroueBble cj1oBa: M3MCHCHHE KJIMMara, MmMpUupoOAHbIC J'IaH,I[I_LIa(i)TLI, TCOOKOJIOTHYCCKUC TMPOLCCChI, OIMMYCThIHNBAHUC,
Ierpamamnys 3eMellb, TEMICpPaTYPHBIH pPeXHuM, aTMoc(epHbIe OCagKd, BOIHBIE PECYPCHI, PACTHTEIBHBIA MOKPOB,
aHTPOTIOTEHHOE BO3/ICHCTBUE, SKOJIIOTHYCCKAs YCTOHYUBOCTD, OHOpa3HooOpasue.

Pe3tome. B ctatbe npoBenéH KOMILIEKCHBIM aHAIN3 BO3JCHCTBUA INIOOATBHOTO M3MEHEHHs KJIMMaTa Ha HPUPOAHBIC
nanamadrel  PecmyOnukm  Y30ekucraH, a Takke pPAaCCMOTPEHbl COBPEMEHHBIE I'€03KOJIOTMYECKHE IPOLECCHI,
(bOpMI/IpyIOH_[I/IeCSI MoJa BJIHUAHHUEM KIUMATHYCCKUX W AHTPOIOTCHHBIX (I)aKTOPOB. Ha ocnHoBe ananuza COBPEMECHHBIX
Hay4YHBIX I/ICCHe}IOBaHI/Iﬁ N3Yy4YCHBI PETHUOHAJIBHBIC OCO6eHHOCTI/I W3MCHCHHUA KJIMMaTa, BKIIIOYad yCTOfI‘IPIBI)IP’I pocT
TeMIepaTypbl BO3/1yXa, IPOCTPAHCTBEHHO-BPEMEHHYI0 HEPAaBHOMEPHOCTh pacIpeesieHHs] aTMOC(EpHBIX OCaJKOB,
ycuji€eHue MponeCCoOB OIMYCTbIHUBAHUA, ACTpadalluiOo 3E€MEJIb, COKPAUICHUE BOAHBIX PECYpPCOB U HM3MEHCHUC COCTOSAHHUA
pactutensHOrO MmOKpoBa. Ocoboe BHHMaHHE VACICHO OIICGHKE BIWSHHUS YKa3aHHBIX (DaKTOPOB Ha CTPYKTYpY,
(I)YHKLII/IOHI/IpOBaHI/IG u YCTOﬁqHBOCTL MIPpUPOAHBIX J'IaHJ:[H.Ia(I)THLIX KOMIUJICKCOB, a TaKKE€ BOINPOCAM COXpaHCHUA
9KOJIOTMYECKOI'0 paBHOBECHU U obecrieueHus YCTOﬁqHBOFO IpUPpOAOIIOJIb30BaAHUS.

Key words: climate change, natural landscapes, geoecological processes, desertification, land degradation, air
temperature, precipitation, water resources, vegetation cover, anthropogenic impact, ecological sustainability, biodiversity.

Summary. The article presents a comprehensive analysis of the impacts of global climate change on the natural
landscapes of the Republic of Uzbekistan and examines the contemporary geoecological processes driven by both climatic
and anthropogenic factors. Based on the analysis of recent scientific studies, the research investigates the regional
characteristics of climate change, including the continuous increase in air temperature, the spatial and temporal variability
of precipitation, the intensification of desertification processes, land degradation, the depletion of water resources, and
changes in vegetation cover. Particular attention is given to assessing the influence of these factors on the structure,
functioning, and stability of natural landscape systems, as well as to issues related to maintaining ecological balance and
promoting sustainable environmental management.

Kirish. So‘nggi o‘n yilliklarda global iglim o‘zgarishi ~ O‘zbekiston hududidagi tabiiy landshaftlarning geoeko-
jahon migyosida eng dolzarb ekologik va geoekologik logik holatiga ham sezilarli darajada ta’sir etmoqda.
muammolardan biri sifatida e’tirof etilmoqda [1, 3]. Iqlim Metodologiya. Tadqiqotda global iglim o‘zgarishining
tizimida kuzatilayotgan o‘zgarishlar nafaqat atmosfera  O°zbekiston tabiiy landshaftlariga ta’siri ilmiy adabiyotlar,
jarayonlarining dinamikasiga, balki yer yuzasining barcha  xalgaro hisobotlar va mavjud tadgiqotlar asosida tahlil
tabiiy komponentlari, jumladan, landshaft komplekslarining  qilindi. Ish jarayonida giyosiy tahlil, tizimli yondashuv
shakllanishi, rivojlanishi va bargaror faoliyatiga ham  hamda umumlashtirish usullaridan foydalanilib, iglim omil-
bevosita hamda bilvosita ta’sir ko‘rsatmoqda. Xususan, larining landshaftlar geoekologik holatiga ta’siri baholandi.
havo haroratining izchil ortishi, atmosfera yog‘inlarining Muhokama va natiyjalar. O‘zbekistonning geografik
makon va vaqt bo‘yicha notekis taqsimlanishi, ekstremal joylashuvi keskin kontinental iqlim mintaqasiga to‘g‘ri
meteorologik hodisalarning takrorlanish chastotasining  kelishi bilan tavsiflanadi. Ushbu tabiiy-geografik xususiyat
ortishi tabiiy geotizimlarning ekologik bargarorligiga jiddiy = hududning global iqlim o‘zgarishlariga nisbatan yuqori
xavf tug‘dirmoqda. Mazkur global iqlim o‘zgarishlari darajada sezgirligini belgilaydi [2, 5]. Mamlakat hududida
————— A ——
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yoz faslining uzoq davom etuvchi issiq va qurg‘oqchil, gish
mavsumining esa nisbatan sovuq kechishi, atmosfera
yog‘inlarining kamligi hamda ularning mavsumiy va
hududiy notekis tagsimlanishi tabiiy landshaftlar faoliyatiga
salbiy ta’sir ko‘rsatmoqda. Shu bilan birga, suv resurslari-
ning cheklanganligi, respublika hududining katta gismini
cho‘l va yarim cho‘l landshaftlari egallagani, shuningdek,
antropogen bosimning tobora kuchayib borayotgani land-
shaft tizimlarining ekologik bargarorligini susaytirmoqda.
Mazkur omillarning o‘zaro uyg‘unlashgan ta’siri tabiiy
muhitda degradatsion jarayonlarning jadallashuviga sabab
bo‘lmoqda [3, 6].

Natijada cho‘llanish jarayonlarining hududiy ko‘lami
kengaymoqda, tuproq degradatsiyasi, jumladan,
sho‘rlanish, shamol va suv eroziyasi kuchaymoqda,
o‘simlik goplami siyraklashib, biologik xilma-xillikning
gisgarishi kuzatilmogda. Ushbu salbiy ekologik jarayonlar
tabiiy ekotizimlarning funksional bargarorligini izdan
chiqarish bilan bir qatorda, qishloq xo‘jaligi yerlarining
mahsuldorligini pasaytiradi, suv resurslaridan foydalanish
samaradorligini kamaytiradi hamda aholining ijtimoiy-
iqtisodiy farovonligiga salbiy ta’sir ko‘rsatadi.

Global iqlim o‘zgarishi sharoitida O‘zbekiston tabiiy
landshaftlarining fazoviy-vaqt bo‘yicha o‘zgarish qonuni-
yatlarini aniglash, ularning geoekologik holatini kompleks
baholash, ekologik bargarorligini mustahkamlash hamda
ilmiy asoslangan muhofaza va boshqgaruv choralarini ishlab
chigish zamonaviy geografiya, geoekologiya va atrof-
mubhitni  boshgarish sohalarining ustuvor ilmiy-amaliy
vazifalaridan biri hisoblanadi. Aynigsa, havo haroratining
barqaror oshib borishi, atmosfera yog‘inlarining kamayishi
hamda suv resurslari hajmining gisgarishi tabiiy landshaft-
larning morfologik tuzilishi, funksional holati va rivojlanish
dinamikasiga sezilarli darajada ta’sir ko‘rsatmoqda. Mazkur
omillar ta’sirida landshaft komponentlari o‘rtasidagi modda
va energiya almashinuvi izdan chigib, tuproq namligi
zaxirasi kamayadi, tuprog degradatsiyasi kuchayadi,
o‘simlik qoplami siyraklashadi hamda biologik mahsul-
dorlik pasayadi. Shu bilan birga, ekotizimlarning tabiiy
tiklanish salohiyati susayib, cho‘llanish, shamol va suv
eroziyasi, sho‘rlanish, bioxilma-xillikning qisgarishi kabi
salbiy geoekologik jarayonlarning jadallashishiga zamin
yaratiladi.

O‘zbekiston hududi tabiiy-geografik sharoitiga ko‘ra
cho‘l, yarim cho‘l, adir, tog® va voha landshaftlaridan
tashkil topgan bo‘lib, ularning har biri o‘ziga xos tabiiy-
geografik xususiyatlari, ekologik bargarorligi va landshaft
tuzilishiga ega. Ushbu landshaftlar uzoq geologik davrlar
mobaynida shakllangan tabiiy muvozanat asosida faoliyat
yuritadi. Biroq global iqlim o‘zgarishi, gidrotermik
rejimning o‘zgarishi hamda antropogen bosimning ortishi
natijasida landshaft komponentlari o‘rtasidagi ekologik
muvozanat buzilmoqgda. Natijada ayrim hududlarda land-
shaftlarning transformatsiyasi jadallashib, ularning ekologik
bargarorligi pasaymoqda, tabiiy resurslarning degrada-
tsiyasi kuchaymoqda va geotizimlarning tabiiy funksiyalari
izdan chigmoqda. Xususan, Orolbo‘yi mintaqasida yuzaga
kelgan ekologik ingiroz global miqyosdagi eng yirik
antropogen ekologik falokatlardan biri sifatida e’tirof etilib,
butun mintaga landshaftlarining geoekologik holati va
tabiiy rivojlanish yo‘nalishiga keskin ta’sir ko‘rsatdi [4,7].
Orol dengizi akvatoriyasining gisgarishi natijasida
millionlab gektar maydonda yangi qurigan tub - “Orolqum”
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cho‘li shakllandi. Bu hududda tuproq va atmosfera muhiti-
ning sho‘rlanishi kuchayib, tuz va chang aerozollarining
keng masofalarga targalishi tabiiy ekotizimlarning
degradatsiyasini jadallashtirdi. Natijada o‘simlik qoplami
siyraklashdi, biologik xilma-xillik keskin gisgardi, tuproq
unumdorligi pasaydi hamda hududning mikroiglim va
mezoiglim sharoitlarida sezilarli o‘zgarishlar kuzatildi.

Mazkur jarayon iqlim o‘zgarishi va antropogen omil-
larning o°zaro uzviy bog‘ligligini yaqqol namoyon etadi.
Suv resurslaridan noogilona foydalanish, daryo ogimining
keskin kamayishi va tabiiy suv balansining buzilishi
natijasida yuzaga kelgan ekologik ingiroz mintaganing
radiatsiya balansi, namlik aylanishi hamda atmosfera
jarayonlariga ham ta’sir ko‘rsatmoqda. Ogqibatda
qurg‘oqchilikning kuchayishi, ekstremal iqlim hodisalari-
ning takrorlanish chastotasining ortishi va cho‘llanish
jarayonlarining jadallashuvi kuzatilmogda. Shunday qilib,
antropogen faoliyat natijasida shakllangan ekologik
muammolar global iqlim o‘zgarishining salbiy ta’siri bilan
uyg‘unlashib, tabiiy landshaftlarning transformatsiyasi,
geotizimlarning ekologik barqarorligining pasayishi hamda
bioresurslarning degradatsiyasini yanada kuchaytirmoqda.
Bu esa Orolbo‘yi hududida ekologik xavfsizlikni
ta’minlash, landshaftlarni qayta tiklash va tabiiy resurslar-
dan bargaror foydalanishga garatilgan kompleks ilmiy-
amaliy  chora-tadbirlarni  ishlab  chigish  zarurligini
ko‘rsatadi.

1-jadval

O‘zbekiston hududida iqlim o°‘zgarishining asosiy

ko ‘rsatkichlari (so‘nggi 50 yil)

.| Ko‘rsat- O¢zgarish . . .
INe Kichlar migdori Ta’sir natijalari
] Bug‘lanish ortishi,
! O.r.taCha +1,3 ++1,8 °C | tuprog namligining
yillik harorat K -
amayishi
2| Yogin !\lotekls, ayrim | Qurg (_)qchlhk xavfi
X . joylarda oshishi, Suv
miqdori o
kamaygan tangisligi
10-20 % | Tuprog  degradat-
3| Tuproq gacha siyasi, hosildorlik
namligi . L
kamayish pasayishi
4| Osimlik Sezilarli ;(ay.'o"'?‘r y d.elgra'
oplami gisgarish atsiyasl, bioxilma-
g xillik kamayishi
5| Cho‘llanish Yangi cho‘l hudud-
) . Faollashgan LS e
jarayoni larining shakllanishi
Suv resursla- Qisqarish Sug‘orish muammo-
ri (daryo va ten(?ensi asi lari, ekologik mu-
muzliklar) Y vozanat buzilishi

Iglim o‘zgarishining eng muhim ko‘rsatkichlaridan biri
havo haroratining izchil ortib borishi hisoblanadi. So‘nggi
yarim asr davomida O°‘zbekiston hududida o‘rtacha yillik
havo harorati taxminan 1,3-1,8 °C ga oshgani qayd etilgan
bo‘lib, bu mintagada global iqlim o‘zgarishlari barqaror va
uzog muddatli tus olayotganidan dalolat beradi [2, 5]. Havo
haroratining ko‘tarilishi yer yuzasi va atmosfera o‘rtasidagi
issiglik hamda namlik almashinuviga sezilarli ta’sir
ko‘rsatib, bug‘lanish intensivligini oshiradi, tuprogning
namlik zaxirasini kamaytiradi va suv resurslari tangisligini
yanada kuchaytiradi. Natijada tabiiy geotizimlarning
gidrotermik rejimi o‘zgarib, landshaft komponentlari
o‘rtasidagi ekologik muvozanat izdan chigmoqda.




Haroratning ortishi ta’sirida o‘simliklarning vegetatsiya
davri, fenologik rivojlanishi va biologik mahsuldorligi ham
o‘zgarishga uchraydi. Qurg‘oqchilikning kuchayishi
natijasida o‘simlik qoplami siyraklashib, tuproq yuzasi
ochilib qoladi, shamol va suv eroziyasi jarayonlari faol-
lashadi hamda tuproq degradatsiyasi jadallashadi. Bunday
sharoitda landshaftlarning aridizatsiyasi kuchayib, tabiiy
ekotizimlarning o‘z-o‘zini tiklash salohiyati pasayadi.
Aynigsa, cho‘l va yarim cho‘l hududlarida ushbu jarayonlar
ancha tez kechib, mavjud cho‘l landshaftlarining maydoni
kengayishi, degradatsiyaga uchragan yerlar ulushining
ortishi va ayrim hududlarda yangi arid landshaftlarning
shakllanishiga zamin yaratmoqda.

Mazkur o‘zgarishlar nafagat tabiiy muhitning geoeko-
logik holatiga, balki qishloq xo‘jaligi ishlab chiqarishi,
yaylovlar mahsuldorligi, suv xo‘jaligi tizimlari va aholi
yashash sharoitlariga ham salbiy ta’sir ko‘rsatmoqda. Shu
bois havo haroratining uzoq muddatli dinamikasini
muntazam monitoring qilish, uning landshaftlar evolyu-
tsiyasiga ta’sirini  kompleks baholash hamda iglim
o‘zgarishiga moslashuv strategiyalarini ishlab chiqish
bugungi kunda geoekologik tadgiqotlarning ustuvor
yo‘nalishlaridan biri hisoblanadi (1-jadval).

Cho‘llanish jarayoni O°‘zbekistonning ekologik xavf-
sizligi va tabiiy resurslaridan bargaror foydalanishga jiddiy
tahdid solayotgan eng dolzarb geoekologik muammolardan
biri hisoblanadi. Mazkur jarayon, aynigsa, Orolbo‘yi
mintaqasi, Amudaryo deltasi, Mirzacho‘l, Qizilqum va
boshqa  qurg‘oqchil hududlarda yaqqol namoyon
bo‘lmoqda. Cho‘llanishning rivojlanishiga tabiiy-iglimiy
omillar, jumladan, havo haroratining izchil ortishi,
atmosfera yog‘inlarining kamayishi, bug‘lanish intensiv-
ligining kuchayishi hamda wuzoq davom etuvchi
qurg‘oqchiliklar bilan bir qatorda, antropogen omillar — yer
resurslaridan ~ noogilona  foydalanish,  yaylovlarga
me’yordan ortiq chorva yuklamasi tushishi, noto‘g‘ri
sug‘orish texnologiyalari va suv resurslarini samarasiz
boshqarish ham sezilarli ta’sir ko‘rsatmoqda. Ushbu omil-
larning o‘zaro uyg‘unlashgan ta’siri natijasida tuproqning
fizik, kimyoviy va biologik Xxususiyatlari yomonlashib,
sho‘rlanish, shamol va suv eroziyasi kuchayadi, o‘simlik
goplami  siyraklashadi hamda yerlarning biologik
mahsuldorligi keskin pasayadi.

Cho‘llanish jarayonining chuqurlashuvi tabiiy ekotizim-
larning funksional bargarorligini izdan chigarib, biologik
xilma-xillikning gisqgarishiga, landshaftlarning tabiiy tikla-
nish salohiyatining susayishiga hamda geotizimlar ekologik
muvozanatining buzilishiga olib keladi. Natijada gishlog
xojaligi yerlarining unumdorligi pasayadi, yaylovlar
mahsuldorligi gisgaradi, suv resurslariga bo‘lgan bosim
ortadi va ekologik xavf darajasi kuchayadi. Shu bilan birga,
cho‘llanishning kengayishi ozig-ovgat xavfsizligi, aholi
bandligi va hududlarning ijtimoiy-igtisodiy rivojlanishiga
ham salbiy ta’sir ko‘rsatib, barqaror rivojlanish maqsad-
lariga erishishni murakkablashtiradi.

O‘zbekistonning tog‘li  hududlarida global iqlim
o‘zgarishining eng muhim oqibatlaridan biri muzliklarning
jadal gisqgarishi va massa balansining manfiylashib borishi-
dir. Tyan-Shan va Pomir-Oloy tog*® tizimlarida joylashgan
muzliklar Markaziy Osiyoning asosiy chuchuk suv zaxirasi
hisoblanib, Amudaryo va Sirdaryo havzalarining gidrologik
rejimini tartibga solishda muhim tabiiy omil vazifasini
bajaradi. So‘nggi o‘n yilliklarda havo haroratining
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ko‘tarilishi natijasida muzliklarning maydoni va hajmi
muntazam kamayib bormoqda [1, 8]. Dastlab bu holat
muzlik suvlari hisobiga daryo oqimining vagtincha
ortishiga sabab bo‘lsa, uzoq muddatda muzlik zaxiralari-
ning qisgarishi suv ogimining kamayishi, mavsumiy
tagsimotining buzilishi va suv tangisligining kuchayishiga
olib kelmoqda. Bunday o‘zgarishlar irrigatsiya tizimlari,
gidroenergetika, qishloq xo‘jaligi hamda tabiiy ekotizim-
larning suv bilan ta’minlanishiga salbiy ta’sir ko‘rsatib,
butun mintaganing ekologik va ijtimoiy-igtisodiy barga-
rorligi uchun jiddiy xavf tug‘dirmoqda. [4]. Mazkur
jarayonlar natijasida voha landshaftlarida sug‘oriladigan
qishloq xo‘jaligi yerlarining maydoni qisqarib, suv bilan
ta’minlanganlik darajasi pasaymoqda hamda agroekotizim-
larning bargaror faoliyati izdan chigmoqda. Suv resurslari
tanqisligining kuchayishi ekinlarning o‘sishi va rivojlani-
shiga salbiy ta’sir ko‘rsatib, hosildorlikning pasayishiga,
tuproqlarda ikkilamchi sho‘rlanish va botqoqlanish jarayon-
larining jadallashishiga hamda qishloq xo‘jaligi ishlab
chigarishining iqtisodiy samaradorligi pasayishiga olib
kelmoqda. Shu bilan birga, sug‘orish suvlarining sifat va
miqdor jihatdan yomonlashuvi tuprogning suv-fizik hamda
agrokimyoviy xususiyatlarini izdan chigarib, yer resurslari-
dan samarali foydalanish imkoniyatlarini cheklamogda.

O‘zbekistonning tekislik hududlarida landshaftlarning
transformatsiyasida antropogen omillar yetakchi rol
o‘ynaydi. Aynigsa, sug‘oriladigan dehqonchilikning jadal
rivojlanishi, suv resurslarini noogilona boshgarish, meliora-
tiv tadbirlarning yetarli darajada olib borilmasligi hamda
kollektor-drenaj tizimlarining samarasiz faoliyati tuprog-
larning  ikkilamchi  sho‘rlanishi va  degradatsiyasini
kuchaytirmoqda. Natijada tuprogning fizik, kimyoviy va
biologik xossalari yomonlashib, suv-tuz rejimi buziladi,
gumus miqdori kamayadi hamda yerlarning meliorativ
holati izdan chigadi. Bu esa agroekotizimlar mahsuldorli-
gining pasayishi, landshaftlarning ekologik bargarorligining
susayishi va tabiiy resurslardan foydalanish samarador-
ligining kamayishiga olib kelmoqda.

Aynigsa, paxtachilik va boshqa sug‘orma dehqonchi-
likka ixtisoslashgan hududlarda uzoq vyillar davomida
monokultura tamoyiliga asoslangan intensiv yer foyda-
lanish tizimi tuproq unumdorligining pasayishi, oziga ele-
mentlari muvozanatining buzilishi va agrobiologik xilma-
xillikning qisqarishiga sabab bo‘lgan. Bunday sharoitda
landshaftlarning tabiiy tiklanish imkoniyati cheklanib,
degradatsiya jarayonlari tobora jadallashmoqgda. Natijada
ekologik muvozanat buzilib, cho‘llanish, sho‘rlanish,
eroziya va boshga salbiy geoekologik jarayonlarning
rivojlanishi uchun qulay sharoit yuzaga kelmogda. Shu
sababli yer va suv resurslarini kompleks boshgarish,
zamonaviy suv tejovchi texnologiyalarni joriy etish, ilmiy
asoslangan almashlab ekish tizimini qo‘llash hamda melio-
rativ tadbirlarni takomillashtirish landshaftlarning ekologik
barqarorligini ta'minlashning muhim yo‘nalishlaridan biri
hisoblanadi.

Xulosa qilib aytganda, olib borilgan tahlillar shuni
ko‘rsatdiki, global iqlim o‘zgarishi O‘zbekiston tabiiy land-
shaftlarining geoekologik holati va ekologik bargarorligiga
sezilarli ta’sir ko‘rsatmoqda. Havo haroratining oshishi,
yog‘inlarning notekis tagsimlanishi, muzliklar maydonining
gisgarishi hamda suv resurslarining kamayishi landshaft-
larda degradatsiya jarayonlarini jadallashtirmoqda. Natijada
cho‘llanish, tuproq degradatsiyasi, sho‘rlanish, shamol va
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suv eroziyasi, o‘simlik qoplamining siyraklashuvi hamda Ushbu jarayonlar nafagat tabiiy landshaftlarning
bioxilma-xillikning gisgarishi kuchaymoqda. Bu jarayonlar  ekologik holatini yomonlashtiradi, balki qishloq xo‘jaligi
tabiiy landshaftlar bilan birga qishloq xo‘jaligi, suv ishlab chiqarishi, suv xo‘jaligi, ozig-ovgat xavfsizligi va
xo‘jaligi va ekologik xavfsizlikka ham salbiy ta’sir  aholining ijtimoiy-iqtisodiy farovonligiga ham salbiy ta’sir
ko‘rsatmoqda. ko‘rsatmoqda.
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Tayanch so‘zlar: Qarnobcho‘l, geoekologiya, landshaft, cho‘llanish, tuproq sho‘rlanishi, yaylov degradatsiyasi, iglim
0°zgarishi, shamol eroziyasi, antropogen omillar.

Rezyume. Magolada Qarnobcho‘l landshaftlarining geoekologik holati va unga ta’sir etuvchi tabiiy hamda antropogen
omillar tahlil gilingan. Tadgigotda hududning iglimiy xususiyatlari, tuproq qoplami, o‘simliklar dunyosi hamda
yaylovlardan foydalanish darajasi ilmiy manbalar asosida o‘rganildi. Shuningdek, shamol eroziyasi, tuproq sho‘rlanishi,
cho‘llanish jarayonlari va antropogen bosimning landshaftlar barqarorligiga ta’siri yoritildi. Natijalar Qarnobcho‘l
hududida so‘nggi yillarda geoekologik muvozanatning buzilishi kuchayib borayotganini ko‘rsatadi. Iglim o‘zgarishi va
xo°‘jalik faoliyatining ortishi landshaft degradatsiyasini tezlashtiruvchi asosiy omillar sifatida aniglangan.

KuaroueBble ciioBa: KapunaOuysb, re03K0JI0rHs, JaHAMA(T, OMYyCTHIHUBAHUE, 3aCOJICHHUE MOYB, Jerpagalus MacTOuII,
HU3MEHEHHE KJIMMaTa, BETPOBas 9pO3Usl, aHTPOIIOTEHHbIE (DAaKTOPBHI.

Pe3tome. B crarhe aHaMM3MpyeTCs T€0IKOJOrMYecKoe cocTosiuue Janamadror KapHaOuyns W BIUSIONIME HAa HETO
MIPUPOJHBIC U aHTPOIIOTCHHBIC (I)aKTopLI. B HCCJICIOBAHUN HAa OCHOBC HAYYHBIX MCTOYHHUKOB HU3YUCHBI KIMMAaTUYCCKHUC
0COOEHHOCTH PErvoHa, MOYBEHHBIH MMOKPOB, PACTUTENIBHBIH MUP W YPOBEHBb HCIIONB30BAaHHS MacToum. Takke OCBEIICHO
BIIMAHUEC BeTpOBOﬁ OpO3UH, 3aCOJICHUA IMOYB, MIPOLUECCOB OIMMYCTBIHMBAHUA U aHTPOINIOI'CHHOI'O AAaBJICHHUA Ha YCTOI\/'I‘II/IBOCTL
J'IaH,I[H.Ia(I)TOB. PeSyanaTbI MOKa3bIBAKOT, YTO B IMOCJICAHUC I'OJAbl Ha TCPPUTOPUHN KapHa6qme YCUIIMBACTCA HAPYLICHHUC
reodKoJIornyeckoro Oajanca. M3sMeHeHne KinMara H pocT XO3SIMCTBEHHOW aKTHBHOCTH OBLIM OIIPEJACI/ICHbI B KAa4YC€CTBC
OCHOBHBIX (DaKTOPOB, YCKOPSIOIIHX JIeTpalalliio JaHmadra.

Key words: Karnabchul, geo-ecology, landscape, desertification, soil salinization, pasture degradation, climate change,
wind erosion, anthropogenic factors.

Summary. The article analyzes the geo-ecological state of Karnabchul landscapes and the natural and anthropogenic
factors influencing it. The study examined the climatic characteristics of the region, soil cover, flora, and the level of
pasture use based on scientific sources. The impact of wind erosion, soil salinization, desertification processes, and
anthropogenic pressure on landscape stability was also highlighted. The results indicate that the disruption of the
geo-ecological balance in the Karnabchul region has intensified in recent years. Climate change and increased economic
activity have been identified as the primary factors accelerating landscape degradation.

Kirish. Hozirgi davrda global ekologik muammolar  tuprog-o‘simlik  qgoplami  hamda xo‘jalik jihatdan
orasida cho‘llanish, yer degradatsiyasi va biologik xilma-  foydalanilish xususiyatlari bilan alohida o°rin tutadi.
xillikning qisqarishi eng dolzarb masalalardan biri Qarnobcho‘l Samarqand viloyatining g‘arbiy qismida
hisoblanadi. BMTning Cho‘llanishga garshi kurashish ~ Jjoylashgan bo‘lib, shimolda Qoratov tizmasi, janubda
konvensiyasi (UNCCD) ma’lumotlariga ko‘ra, dunyo Zirabulo_q va Ziy(_)vuddin to_g‘la_ri bilan che_:garalangan.
quruglik maydonining qariyb 40 foizdan ortig“i qurgogchil ~ Hududning umumiy maydoni bir necha ming kvadrat
va yarim qurg‘ogchil hududlardan iborat bo‘lib, ularda yuz kilometrni tashkil etib, u gadimdan yaylov chorvachiligi

berayotgan geoekologik o‘zgarishlar millionlab insonlar- rivojlangan hudud sifatida ma’lum.
erayotgan g 109 y g . Qarnobcho‘lning tabiiy sharoitlari va landshaftlari XX
ning yashash sharoitiga ta’sir ko‘rsatmoqda [7]. ; S ; . .
. . . . . . . asrning ikkinchi yarmidan boshlab ko‘plab olimlar
Markaziy Osiyo mintagasi, aynigsa O‘zbekiston hududi

. . . L tomonidan o‘rganilgan. Korovin (1961) O‘rta Osiyo
arid va semiarid landshaftlarning keng targalganligi bilan cho‘llarining  geobotanik xususiyatlarini tadqiq qlib,

ajralib turadi. Respublikamiz hgdudining.qariyb 70 foizi  Qarnob hududida shuvog-efemer o‘simliklari ustun ekan-
cho‘l va chala _cho‘l landshaftlarldan_ _tashkﬂ topgan. Ushbu ligini gayd etgan[1]. Lobova (1960) hudud tuproglarining
hududlar orasida Qarnobcho‘l tabiiy-geografik tuzilishi,  genezisi va tarqalishini o‘rgangan bo‘lsa, Safonova (1977)
———————ESERERER———S——————=———————————
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cho‘l tuproglarining meliorativ holati hamda sho‘rlanish
jarayonlarini tadqgiq gilgan [2, 3].

So‘nggi yillarda esa cho‘l landshaftlarining geoekologik
holatini baholashda masofadan zondlash usullaridan keng
foydalanilmogda. Dubovyk va hammualliflari (2013)
tomonidan olib borilgan tadgigotlar Markaziy Osiyoning
arid hududlarida yer degradatsiyasi va vegetatsiya goplami-
ning o‘zgarishini aniqlashda NDVI indeksining yuqori
samaradorligini ko‘rsatib berdi [4].

XXI asrda cho‘l hududlarining geoekologik holatini
baholash geografiya, geoekologiya va landshaftshunoslik
fanlarining eng dolzarb yo‘nalishlaridan biri hisoblanadi.
BMTning Cho‘llanishga qarshi kurashish konvensiyasi
(UNCCD) ma’lumotlariga ko‘ra, dunyo quruqglik maydo-
nining qariyb 41 foizi qurg‘oqchil va yarim qurg‘oqchil
hududlardan iborat bo‘lib, ularda 2 milliarddan ortiq aholi
yashaydi[7]. So‘nggi 50 yil davomida cho‘l hududlarida
kuzatilayotgan iqlim o‘zgarishi, antropogen yuklamaning
ortishi va tabiiy resurslardan ogilona foydalanilmasligi
natijasida geoekologik muammolar keskinlashib bormoqda.

Qarnobcho‘lning tabiiy sharoitlari ilk bor rus olimlari
tomonidan XX asrning o‘rtalarida o‘rganilgan. Jumladan,
Y.P. Korovin (1961) O‘rta Osiyo cho‘llarining geobotanik
xususiyatlarini tahlil gilib, Qarnob hududida shuvoqg-efemer
tipidagi yaylovlar keng targalganligini gayd etgan.
E.V.Lobova (1960) va L.l. Safonova (1977) esa hudud
tuproglarining morfologik xususiyatlari hamda ularning
shakllanish omillarini o‘rgangan.

Asosiy gism. Cho‘l landshaftlarining shakllanishi va
rivojlanish qonuniyatlari ko‘plab olimlar tomonidan tadqiq
etilgan. O‘rta Osiyo cho‘llari bo‘yicha fundamental
tadgiqotlar Y.P. Korovin tomonidan amalga oshirilgan.
Olimning 1961-yilda chop etilgan "PacturensHOCTH
Cpenneit Asun u lOxnoro Kasaxcrana" asarida Qarnob-
cho‘l hududida tarqalgan asosiy fitotsenozlar tavsiflangan.
Tadqiqot natijalariga ko‘ra, hududda Artemisia turanica,
Salsola arbuscula, Peganum harmala va efemer o‘simliklar
ustunlik giladi[1].

E.V.Lobova (1960) tomonidan olib borilgan tuprog-
geografik tadqiqotlar natijasida Qarnobcho‘lda och tusli
bo‘z, bo‘z-qo‘ng‘ir va sur-qo‘ng‘ir tuproqlar keng tarqal-
ganligi aniqlangan. Olimning ta’kidlashicha, ushbu
tuproglar kam gumusli bo‘lib, shamol eroziyasiga moyilligi
yugori hisoblanadi[2].

Safonova (1977) tadqiqotlarida cho‘l hududlaridagi
tuproq sho‘rlanishi jarayonlari chuqur tahlil qilingan.
Muallif sho‘rlanishning kuchayishi natijasida tuproq
unumdorligi pasayishi va o‘simlik qoplamining tarkibi
o‘zgarishini ilmiy asoslab bergan[3].

XXT asrga kelib cho‘l landshaftlarini tadqiq etishda GIS
va masofadan zondlash texnologiyalaridan foydalanish
kengaydi. Dubovyk va hammualliflari (2013) O‘zbekiston-
ning qurg‘oqchil hududlarida vegetatsiya qoplamining
o‘zgarishini Landsat sun’iy yo‘ldosh tasvirlari asosida tahlil
qilgan. Ularning tadqiqotlarida NDVI ko‘rsatkichlari bilan
degradatsiya darajasi o‘rtasida bevosita bog‘liglik mavjud-
ligi aniglangan.

Ochilov(2025) tomonidan olib borilgan tadgigotlarda
esa  Qarnobcho‘l tuproqlarining zamonaviy holati,
sho‘rlanish jarayonlari va o‘simlik qoplami bilan bog‘ligligi
tahlil gilingan. Tadqiqot natijalariga ko‘ra, ayrim hudud-
larda tuproq sho‘rlanishining kuchayishi natijasida galofit
o‘simliklar ulushi ortib borayotganligi aniqlangan [5].
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Geoekologik holati va unga ta’sir etuvchi quyidagi
omillar ajratib olindi:

Qarnobcho‘lning  tabiiy  geografik  sharoiti
Qarnobcho‘l dengiz sathidan o‘rtacha 250-450 metr
balandlikda joylashgan. Mavlonov (1973) ma’lumotlariga
ko‘ra, Qarnobcho‘lda bug‘lanish miqdori yog‘in miqdori-
dan 10-15 barobar yuqori bo‘lib, bu holat hududda arid
landshaftlarning shakllanishiga sabab bo‘lgan.

Hududda asosan och tusli bo‘z, bo‘z-qo‘ng‘ir va sur-
go‘ng‘ir tuproqlar tarqalgan. Tuproq tarkibidagi gumus
miqdori ko‘pincha 0,5-1,2 foiz oraligiida bo‘lib, bu
ko‘rsatkich cho‘l hududlari uchun xos hisoblanadi.

Iglim omili-Qarnobcho‘l keskin kontinental iglim mint-
aqasida joylashgan. O‘rtacha yillik yog‘in migdori 180-250
mm ni tashkil qiladi. Iyul oyining o‘rtacha harorati
+28...430 °C, maksimal harorat esa +44 °C gacha yetadi.
Yanvar oyida esa harorat —15...—20 °C gacha pasayishi
mumkin.

O‘zbekiston Gidrometeorologiya xizmati ma’lumot-
lariga ko‘ra, 1950-2024-yillar davomida mamlakat
hududida o‘rtacha harorat taxminan 1,8 °C ga oshgan. Bu
holat Qarnobcho‘l hududida bug‘lanishning kuchayishiga
va tuproq namligining kamayishiga olib kelmogda [10].

Iglim o‘zgarishining landshaftlarga ta’siri — So‘nggi
o‘n vyilliklarda global iglim o‘zgarishi Qarnobcho‘l
hududida ham sezilarli darajada namoyon bo‘lmoqda.
O‘zbekiston Respublikasi Gidrometeorologiya xizmati
ma’lumotlariga  ko‘ra,  1950-2023-yillar ~ davomida
mamlakat hududida o‘rtacha yillik harorat 1,5-2,0 °C ga
oshgan [6,10].

Dubovyk va hammualliflari (2013) Markaziy Osiyoning
qurg‘oqchil hududlarini masofadan zondlash usullari orgali
tadgiq qilib, vegetatsiya indekslarining pasayishi bilan
harorat ortishi o‘rtasida kuchli bog‘liglik mavjudligini
aniglagan. Qarnobcho‘lda ham vegetatsiya mavsumining
qisqarishi va qurg‘oqchilik chastotasining ortishi kuza-
tilmogda.

NDVI ko‘rsatkichlari asosida olib borilgan tadqiqotlar
natijasida ayrim yaylov hududlarida o‘simlik biomassasi
so‘nggi yigirma yil davomida 15-25 foizgacha kamaygani
aniglangan.

Tuproq  sho‘rlanishi-Sho‘rlanish  hududning eng
dolzarb geoekologik muammolaridan biri hisoblanadi.
Ayrim sho‘rxok maydonlarda tuproq eritmasidagi tuzlar
miqdori o‘simliklarning normal rivojlanishiga salbiy ta’sir
ko‘rsatmoqda.

Yaylov degradatsiyasi va chorvachilik bosimi
Qarnobcho‘l gadimdan qorako‘lchilik rivojlangan hudud-
lardan biri hisoblanadi. Biroq yaylovlardan uzoq vyillar
davomida me’yoridan ortiq foydalanish natijasida o‘simlik
qoplami tarkibi o‘zgarib bormoqda. Chorva sonining ortishi
natijasida o°simlik qoplamining tiklanish imkoniyatlari
kamaymoqda. Natijada shuvoq va efemer o‘simliklar
maydoni qisqarib, degradatsiyaga chidamli o‘simliklar
ulushi ortmoqgda.

Korovin(1961) ma’lumotlariga ko‘ra, hududda asosiy
yem-xashak o‘simliklari sifatida turon shuvog‘i (Artemisia
turanica), boyalich (Salsola arbuscula), efemer o‘simliklar
va yantoq targalgan. Hozirgi vaqtda ushbu turlar goplami-
ning gisqarishi kuzatilmoqda.

BMTning Ozig-ovqat va qishloq xo‘jaligi tashkiloti
(FAO) ma’lumotlariga ko‘ra, yaylovlarda chorva yukla-
masining me’yoridan 20-30 % ortishi degradatsiya jarayon-
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larini tezlashtiradi [8].Qarnobcho‘lning ayrim hududlarida Tuproq sho‘rlanishi va geoekologik oqibatlari -
esa bu ko‘rsatkich tavsiya etilgan me’yorlardan ancha  Sho‘rlanish Qarnobcho‘lning geoekologik holatiga salbiy
yugqori. ta’sir etuvchi muhim omillardan biridir. Safonova (1977)

Natijada: tuproq zichlashadi; suv singdirish qobiliyati  tadgiqotlarida sho‘rlangan tuproglarda o‘simliklarning tur
kamayadi; shamol eroziyasi kuchayadi; yem-xashak tarkibi keskin kamayishi ko‘rsatib berilgan [3].

o‘simliklari kamayadi; degradatsiyaga uchragan maydonlar Sho‘rlanish natijasida: tuprogning fizik xossalari

kengayadi. yomonlashadi; nam sig‘imi pasayadi; o‘simliklarning ildiz
Shamol eroziyasi va cho‘llanish-Cho‘l landshaftlarida  tizimi zararlanadi; biologik mahsuldorlik kamayadi.

shamol eroziyasi asosiy geomorfologik jarayonlardan biri Aynigsa, sho‘rxok maydonlarda sarsazan, bir yillik

hisoblanadi. Lobova (1960) tadqiqotlariga ko‘ra, Qarnob- sho‘ra va yulg‘un kabi galofit o‘simliklar ustunlik qila
cho‘lda bahor va yoz oylarida shamol tezligi 15-20 m/s  boshlaydi.
gacha yetishi mumkin. Xulosa qilib aytganda Qarnobcho‘l landshaftlarining

Shamol ta’sirida tuprogning eng unumdor ustki qatlami  geoekologik holati murakkab tabiiy va antropogen omillar
ko‘chiriladi. Natijada tuproqdagi organik moddalar kama- ta’sirida shakllanmoqda. Tadqiqotlar shuni ko‘rsatadiki,
yadi va biologik mahsuldorlik pasayadi. Ayrim hududlarda  iqlim o‘zgarishi, yaylov degradatsiyasi, shamol eroziyasi,
deflyatsion botiglar va qum ko‘chish jarayonlari kuza- tuproq sho‘rlanishi va antropogen bosim hududdagi
tilmoqgda. ekologik muvozanatning buzilishiga olib kelmoqda.

UNCCD ma’lumotlariga ko‘ra, cho‘llanish jarayoni  Aynigsa, 2000-2025-yillar oralig‘ida haroratning ortishi va
dunyoda har yili 12 million gektar yerning qishloq xo‘jaligi ~ vegetatsiya goplamining kamayishi landshaftlarning bar-
aylanmasidan chiqgib ketishiga sabab bo‘lmoqda [7]. Ushbu  qarorligiga jiddiy ta’sir ko‘rsatgan. Kelgusida Qarnobcho‘l
jarayon Qarnobcho‘l hududida ham kuzatilmoqda. landshaftlarining geoekologik holatini yaxshilash uchun

Antropogen omillar-Hududda foydali gazilmalarni  masofadan zondlash texnologiyalari (NDVI, SAVI, LST),
qazib olish, avtomobil yo‘llarining kengayishi, noqonuniy ~ GIS tahlillari va uzogq muddatli monitoring tadgiqotlarini
yaylovlardan foydalanish va texnogen ta’sirlar landshaft- keng qo‘llash zarur. Shuningdek, yaylovlardan ilmiy asosda
larning tabiiy holatini o‘zgartirmoqda. Aynigsa, so‘nggi o‘n  foydalanish, degradatsiyaga uchragan hududlarni rekulti-
yilliklarda antropogen yuklamaning ortishi geoekologik  vatsiya qilish va ekologik boshqgaruv tizimini takomil-
vaziyatning murakkablashishiga olib kelmoqda. lashtirish muhim ahamiyat kasb etadi.
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COMPREHENSIVE ASSESSMENT OF THE MELIORATIVE STATE OF IRRIGATED LANDS
IN KHOREZM REGION UNDER CLIMATE CHANGE CONDITIONS
Tajiyev Qudrat Qadirberganovich — Doctor of Philosophy in Geographical Sciences
Urgench State Pedagogical Institute

Tayanch so‘zlar: tuproqg sho‘rlanishi, sizot suvlari, meliorasiya, Xorazm viloyati, iglim o‘zgarishi, GIS, MHII, drenaj,
sug'oriladigan yerlar, Amudaryo havzasi.

Rezyume. Tadgiqgotda Xorazm viloyatining sug'oriladigan yerlarida iglim o‘zgarishi, sizot suvlari va tuproq
sho‘rlanishi o‘rtasidagi bog‘liglik tahlil gilindi. Yangi Meliorativ Holat Integratsiya Indeksi (MHII) asosida viloyat
maydonining 38% i yuqori xavf ostida ekanligi va 2050 yilga borib bu ko ‘rsatkich 47-55%ga yetishi mumkinligi aniglandi.

KiroueBble cjIoBa: 3aCOJICHHUE [TOYB, TPYHTOBBIC BOJIBI, METHOPAITUs, X0pe3McKas 00acTh, u3MeHeHue kiumara, [ YC,
NHNMC, npeHax, opomraeMble 3eMITH, OacceitH AMynapbu.

Pe3ome. B HCCIICAOBAaHUHN MIPOAHAJIU3UPOBAHA B3aUMOCBA3b U3MCHCHUA KJIMMaTa, 'PYHTOBBIX BOA W 3aCOJICHUA IIOYB
Ha OpOIIAeMBIX 3eMIIX Xope3Mckoi obmactu. Ha ocHoBe HoBoro Mumekca MuTerpanun MemnopatuBHOro COCTOSHHS
(MUMC) ycraHoBiIEHO, 9T0 38% TeppUTOpHH 00JIACTH HAXOAUTCS B 30HE BEICOKOTO pHCKa, a K 2050 romy 3TOT noka3aTelb
MoOXkeT noctnub 47-55%.

Key words: soil salinity, groundwater, land reclamation, Khorezm region, climate change, GIS, MSII, drainage,
irrigated lands, Amu Darya basin.

Summary. The study analyzes the relationship between climate change, groundwater, and soil salinization in the
irrigated lands of Khorezm region. Using the newly developed Meliorative Condition Integration Index (MCII), it was
found that 38% of the region's territory is at high risk, with this figure potentially reaching 47-55% by 2050.

Kirish. Markaziy Osiyoning sug‘oriladigan hududlari  ilmiy asoslangan og‘irlik koeffitsiyentlari yordamida
dunyodagi gidrologik jihatdan eng stress ostidagi gishlog integratsiyalashuvi natijasida shakllantirilgan va Xorazm
xo‘jaligi tizimlaridan birini tashkil etadi. Amudaryoning viloyati misolida sinovdan o‘tkazilgan.
quyi ogimida joylashgan Xorazm viloyati ~280 000 gektar Tadgiqotning anig magsadlari quyidagilardan iborat: (I)
sug‘oriladigan yer va 1,7 milliondan ortiq aholini qgamrab  tuproq sho‘rlanishi va sizot suvlari xavfining hozirgi
oladi. So‘nggi o‘ttiz yilda mintagada bir qator qo‘shma  fazoviy tagsimotini miqdoriy aniglash; (11) Xorazm uchun
bosimlar kuzatildi: o‘rtacha harorat 1,4°C ga ko‘tarildi, MHIIni ishlab chigish va tasdiglash; (I1l) SSP2-4.5 va
yog‘ingarchilik 8-12% ga kamaydi va Orol dengizi inqirozi  SSP5-8.5" iglim senariylari bo‘yicha 2030-2050 yillarga

mintaqaviy gidrologiyani tubdan o‘zgartirdi [1]. prognozlar ishlab chigish; (IV) xulosalarni amaliy tavsiya-
Tuproq sho‘rlanishi — ekin ildiz zonasida zararli tuzlar-  larga aylantirish.
ning to‘planishi — ushbu o‘zaro ta’sir etuvchi stresslarning Adabiyotlar sharhi. M.Khamidov va boshqalar [1]

eng katta iqtisodiy zarar keltiruvchi natijasi hisoblanadi. ~ Xorazmdagi iglim tendentsiyalari bilan tuproq sho‘rlanishi
Sayoz sizot suvlari (<l,5 m) kapi]lyar tuz ko‘tarﬂishiga olib dinamikasini bog’lash uchun GIS va masofadan zondlash
kelib, viloyatning 60-70% ekin maydonida ikkilamchi ~ ma’lumotlarini birlashtirdi va odatdagi faoliyat (BAU)
sho‘rlanishga sabab bo‘ladi [2], sobiq ittifoq davrida quril- senariyida sho‘rlangan maydon asr o’rtasiga qadar sezilarli
gan eskirgan drenaj infratuzilmasi esa suv sathini xavfsiz ~ darajada kengayishini xulosaladi. Birog, ularning tadgiqoti
chegarada ushlab turishda tobora muvaffagiyatsiz ~ drenaj tizimining samaradorligi yoki sizot suvlari kuzatuv-
bo‘lmoqda [5]. larini o‘z ichiga olmagan, bu esa prognoz qamrovini
Alohida omillar bo‘yicha — iglim tendentsiyalari [1], cheklab qo’ygan. M.Ibrakhimov va boshqalar [2] minta-
sizot suvlari dinamikasi [2], elektromagnit usulda dada sizot suvlari 84oda84orlanishning o‘zaro bog’liqligi
sho‘rlanishni xaritalash [3], neyron tarmoq yordamida bo‘yicha asosiy miqdoriy tahlilni tagdim etib, 0,5-1,8 m
xavfni modellashtirish [4] — ko‘plab ilmiy ishlar mavjud gacha bo‘lgan mavsumiy suv sathi tebranishlari tuprog
bo‘lishiga qaramay, hech bir tadqiqot bu omillarni viloyat ~ Yuzasidagi tuz toplanishining asosiy sababi ekanini
miqyosida qo‘llash mumkin bo‘lgan yagona, fazoviy anig,  I1Sootladi.
amaliy kompozit indeksga sintez gilmagan. Ushbu magola-
da mazkur bo‘shligni bartaraf etish maqgsadida Meliorativ )
Holat Integratsiya Indeksi (MHII) ishlab chigiljan — u  "SSP2-4.5 — o‘rtacha emissiya stsenariysi bo‘lib, XXI asr

meliorativ holatni tavsiflovchi to‘rtta asosiy ko‘rsatkichning o‘rt?jl_ariga kelib haroratning mo‘tadil oshishini nazarda
tutadi.
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I.Forkutsa va boshqgalar [3] takroriy elektromagnit
induksiya (EMI) tadgiqotlari va geostatistik interpolatsiya
(oddiy kriging) yordamida vaqt qatorli sho‘rlanish xaritalari
tuzib, sho‘rlanishni monitoring qilish metodologiyasini
rivojlantirdi — bu yondashuv ushbu tadgigotda ham
qo‘llanilgan. A.Akramkhanov va P.Vlek [4] sun’iy neyron
tarmogqlar fazoviy sho‘rlanish xavfini yuqori aniqlik bilan
bashorat gila olishini ko‘rsatdi, B.Tischbein va boshqalar
[5] esa Xorazmdagi suv resurslarini boshgarishni yaxshi-
lashda institutsional va infratuzilmaviy to‘siqlarni aniqladi.

Igtisodiy nugtai nazardan, M.Qadir va boshqalar [7] tuz
ta’sirida yer degradatsiyasining global xarajatlarini yiliga
27,3 milliard AQSh dollari deb baholadi va bu samarali
monitoring vositalariga bo‘lgan ehtiyojning shoshilinchligi
uchun asoslanadi. Y.Shirokova va boshgalar [8] elektr
o‘tkazuvchanligini (Eca) Markaziy Osiyo sharoitida tuproq
sho‘rlanishining ishonchli ko‘rsatkichi sifatida tasdiqladi —
bu ushbu MHII tizimining asosi hisoblanadi.

Umuman olganda, adabiyotlar ushbu magqola
to‘ldiruvchi uchta bo‘shligni ko‘rsatadi: (a) kompozit,
fazoviy aniq, meliorativ holat ko‘rsatkichining yo‘qligi; (b)
sho‘rlanish, sizot suvlari va drenajni birlashtirgan viloyat
miqyosidagi CMIP6 asosidagi prognozlarning yo‘qligi; (c)
maxsus masofadan zondlash infratuzilmasisiz mintagaviy
yer melioratsiyasi xizmatlari foydalana oladigan amaliy
850da vositaning mavjud emasligi.

Tadgiqgot metodologiyasi. Sug‘oriladigan yerlarning
meliorativ  holatini  kompleks baholash  magsadida
Meliorativ Holat Integratsiya Indeksi (MHII) ishlab
chigildi. Indeks to‘rtta asosiy omilning normallashtirilgan
giymatlari asosida quyidagi tenglama orqali hisoblandi:

MHII = 0.35S + 0.30G + 0.20D + 0.15C

bu yerda S — tuproq sho‘rlanishi (ECa asosida normal-
lashtirilgan), G — sizot suvlari xavfi, D — drenaj tizimi
samarasizligi (teskari ko‘rsatkich), C - iglimiy stress
(yog‘ingarchilik anomaliyalari va harorat oshiqchaligi) quyi
indekslarini bildiradi.

Og‘irlik koeffitsiyentlari 1990-2024 yillar monitoring
ma’lumotlari asosida ko‘p o‘zgaruvchili chiziqli regressiya
orqali aniglandi (R*=0,83; p<0,001), bu modelning yugqori
ishonchliligini  tasdigladi. Shu asosda gabul gilingan
og‘irliklar: sho‘rlanish — 0,35; sizot suvlari xavfi — 0,30;
drenaj samarasizligi — 0,20; iglimiy stress — 0,15.

MHII  0-1 diapazonda o‘zgaradi: qiymat ortishi
meliorativ holat yomonlashishini bildiradi. Klassifikatsiya
mezonlari:

| toifa (yuqgori xavf) — MHII>0,60;

II toifa (o‘rtacha xavf) — 0,30-0,60;

111 toifa (gonigarli) — MHI11<0,30.

Sun’iy yo‘ldosh sho‘rlanish indekslari (NDSI, SI-1)
Sentinel-2 11- va 4-banda kompozitlaridan hisoblandi.
Nugqtali Eca o‘lchovlarini fazoviy interpolatsiyalash uchun
oddiy kriging usuli, l.Forkutsa va boshqgalar [3] protokoli
asosida qo‘llanildi. Barcha raster qatlamlari 30x30 m piksel
o‘lchamiga keltirildi va WGS-84/UTM 41N tizimiga
o‘tkazildi. Tahlil QGIS 3.36 va R 4.4 muhitlarida bajarildi.

Tahlil va natijalar. 2024-yil monitoring
ma’lumotlariga ko‘ra, Xorazm viloyatining sug‘oriladigan
yerlarining 57% 1 (~160 000 ga) o‘rtacha va kuchli
sho‘rlanish diapazoniga kiradi — bu M.lbrakhimov va
boshqalar [2]ning 2007 yildagi bazaviy ko‘rsatkichidan 8
f.p. yugori bo‘lib, drenajning bosqichma-bosgich buzilishi
va evapotranspiratsiya talabi oshishi bilan bog‘liq.
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1-jadval. Sho‘rlanish sinflari bo‘yicha tagsimot

va o‘rtacha MHII
sinf Eca Maydon Ulush Of¢rtacha
(dS/m) (000ga) (%) MHII
Sho‘rlanmagan <2 42,1 15,0 0,18
Kuchsiz 2-4 78,4 280 031
Oc‘rtacha 4-8 95,2 340 052
Kuchli 8-16 50,7 18,1 0,72
Juda kuchli >16 13,6 4,9 0,91
JAMI — 280,0 100% 0,49

MHII asosida tuzilgan xavf xaritasi: | toifa (yuqgori xavf,
MHII>0,6) — 38% (106 400 ga), asosan Qo‘shko‘pir,
Xazarasp, Bog‘ot; o‘rtacha Eca=9,2 dS/m, sizot suvi
chuqurligi=1,1 m, drenaj kollektorlarining 62% ishlamaydi.
II toifa (o‘rtacha, 0,3-0,6) — 44% (123 200 ga: Urganch,
Shovot, G‘urlan), drenaj qisman ishlaydi. III toifa
(gonigarli, <0,3) — 18% (50 400 ga), ishlaydigan drenaj
tarmog‘iga ega.

1990-2024  tendentsiyasi:
yog‘ingarchilik—1,2 mm/yil,
mm/yil o‘sayotganini ko‘rsatadi.

2-jadval. CMIP6 stsenariylari bo‘yicha prognoz

harorat  +0,038°Clyil,
evapotranspiratsiya +3,4

SSP2-45 SSP5-8.5
¢ g ‘ .
Ko‘rsatkich 2024 (2050) (2050) Oc¢zgarish
| toifa
maydoni 106,4 122-135 131-154 +24-45%
(000 ga)
O‘rtacha
MHII 0,49 0,54 0,63 +0,14
Suv +81-
tagchilligi  ~210 290-350  380-520 0
(min m?) 148%
Sho‘rlangan +12-17
ulush (%) 57 62-66 69-74 fp.

Xulosa. Tadgigotda Xorazm viloyati uchun tuproq
sho‘rlanishi, sizot suvi xavfi, drenaj samarasizligi va
iqlimiy stressni birlashtiruvchi yangi kompozit ko‘rsatkich
— Meliorativ Holat Integratsiya Indeksi (MHII) taklif va
tasdiglandi. MHII 280 000 ga yerning meliorativ holatini
yuqori aniqlikda (R?*=0,83) izohlab, oldingi yagona
ko‘rsatkichli yondashuvlardan [2, 4] ustun keldi. 2024-
yilda viloyatning 38% 1 I toifada bo‘lib, drenaj tizimi
ishdan chigishi asosiy nazorat gilinadigan omil sifatida
aniglandi. SSP5-8.5 stsenariysida 2050 yilga gadar yuqori
xavf ulushi 47-55%ga yetishi va suv tagchilligi yiliga 380—
520 min m*® ni tashkil etishi bashorat qilinadi — bu
favqulodda siyosat choralarini talab giladi. | toifa zonalarda
drenajni 1l toifa standartigacha tiklash yugori xavfli may-
donni 15-20%ga kamaytirishi va yiliga 280-340 ming ton-
na g‘alla ekvivalenti hosil yo‘qotishining oldini olishi
mumkin. Tizim ochiq kodli GIS (QGIS)da yillik yangilan-
ish bilan amalga oshirilishi mumkin.

Tavsiyalar:

1) I toifa tumanlarda (Qo‘shko‘pir, Xazarasp, Bog‘ot)
favqulodda drenajni tiklashni ustuvor gilish;

2) suv tagsimlash rejalashtirishiga SSP5-8.5 prognozla-
rini Kiritish.
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transformatsiya.

Rezyume. Mazkur magolada 2010-2025-yillar davomida Namangan shahrida yuz bergan demografik rivojlanish
tendensiyalari statistik tahlil gilindi. Tadqiqotda aholi soni, tabiiy ko‘payish, migratsiya jarayonlari, nikoh va ajralish
ko‘rsatkichlari o’zgarishi hamda hududiy transformatsiya jarayonlarining o‘zaro bog‘liqligi o‘rganildi. Tadqiqot natijalari
shahar hududiy rejalashtirish va demografik siyosatni takomillashtirish uchun ilmiy-amaliy ahamiyatga ega.
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Summary. This article examines the demographic development trends of Namangan city during 2010-2025 based on
statistical analysis. The study explores changes in population size, natural increase, migration processes, marriage and
divorce rates, as well as their relationship with territorial transformation processes. The findings have scientific and
practical significance for improving urban territorial planning and demographic policy.

Kirish. Demografik jarayonlar har ganday hududning densiyalarini ilmiy asosda baholashdan iborat. Qo‘yilgan
ijtimoiy-igtisodiy rivojlanish darajasini belgilovchi muhim  magsadga erishish uchun quyidagi vazifalar belgilandi:
omillardan biri sifatida namoyon bo‘ladi. Aholi soni — Namangan shahri aholi soni, tug‘ilish, o‘lim va tabiiy
dinamikasi, uning yosh-jins tarkibi, tabiiy ko‘payish va  ko‘payish ko‘rsatkichlarining 0‘zgarish qonuniyatlarini aniq-
migratsiya ogimlari urbanizatsiya jarayonlari bilan cham-  lash hamda ularning aholi soni o‘sishiga ta’sirini baholash;
barchas bog‘liq bo‘lib, hududiy rivojlanish tendensiyalarini — Namangan shahridagi migratsiya jarayonlarining
tizimli va chuqur tahlil qilish imkoniyatini yaratadi. dinamikasi, yo‘nalishlari va demografik rivojlanishdagi
Aynigsa, tez urbanizatsiyalashuv sharoitidagi shaharlar  o‘rnini tadqiq etish;
misolida  demografik  jarayonlarning  o‘ziga  xos — nikoh va ajralish ko‘rsatkichlarini tahlil qilish asosida
xususiyatlarini o‘rganish nazariy va amaliy jihatdan muhim  oilaviy-demografik =~ munosabatlardagi o‘zgarishlarni
dolzarblik kasb etadi. Bunday tadgigotlar mintagaviy aniglash;
ijtimoiy-igtisodiy siyosatni shakllantirish, bargaror rivoj- — shahar demografik rivojlanishining zamonaviy
lanish strategiyalarini ishlab chigish va urbanistik reja-  xususiyatlarini demografik o‘tish nazariyasi nuqtai nazari-
lashtirishning ilmiy asoslangan garorlarini gabul gilishda dan baholash.
muhim ahamiyat kasb etadi. Namangan shahri O‘zbekiston Mavzuning o‘rganilganlik darajasi. Demografik jara-
Respublikasining demografik jihatdan eng jadal rivojla- yonlar va urbanizatsiya muammolari jahon, MDH hamda
nayotgan shaharlaridan biri sifatida so‘nggi yillarda aholi ~ O‘zbekiston olimlari tomonidan uzoq yillardan buyon
sonining bargaror va yuqori o‘sish sur’atlari bilan ajralib  tadqiq etib kelinayotgan ilmiy yo‘nalishlardan biri hisob-
turadi. lanadi.

Mazkur tadgigotning asosiy magsadi Namangan Demografik rivojlanish qonuniyatlarini o‘rganishda
shahrida 2010-2025-yillar davomida kuzatilgan demografik ~ F.Notesteinning demografik o‘tish nazariyasi [7] muhim
jarayonlarning (aholi soni dinamikasi, tabiiy ko‘payish, metodologik asos bo‘lib xizmat qiladi. Mazkur nazariyada
migratsiya harakati, nikoh va ajralish ko‘rsatkichlari) o‘zaro  jamiyat rivojlanishining turli bosqichlarida tug‘ilish va
bog‘ligligini kompleks statistik va demografik tahlil gilish  o‘lim ko‘rsatkichlarining o‘zgarishi hamda aholi takror
hamda shahar demografik rivojlanishining umumiy ten-  barpo bo‘lishining xususiyatlari yoritilgan.
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W.Zelinskiy [13] tomonidan ishlab chigilgan migratsion
o‘tish modeli esa, demografik transformatsiya va migratsiya
oqimlari o‘rtasidagi bog‘liqlikni ochib beradi. Shuningdek,
K.Davis [4], J.Gibbs, J.Bogue va boshqga olimlar urbani-
zatsiya hamda demografik rivojlanishning nazariy asosla-
rini takomillashtirishga munosib hissa qo‘shganlar.

Shaharlarning demografik va urbanistik rivojlanish
masalalari sobiq Ittifog va MDH mamlakatlari olimlari
tomonidan ham keng tadgig qilingan. Jumladan,
N.N.Baranskiy [3] igtisodiy-geografik o‘rin konsepsiyasini
ishlab chigib, shaharlarning shakllanishi va rivojlanish
omillarini  ilmiy asoslab bergan. G.M.Lappo [6],
E.N.Pertsik  [8], V.G.Davidovich, Yu.G.Saushkin,
P.M.Polyan, V.V.Pokshishevskiy va boshga olimlarning
ilmiy ishlari shaharlar geografiyasi, urbanizatsiya jarayon-
lari, aholi joylashuvi va migratsiya masalalarini o‘rganishda
muhim ahamiyat kash etadi.

O‘zbekistonda aholi geografiyasi va urbanizatsiya
masalalari bo‘yicha ilmiy tadqiqotlar XX asrning ikkinchi
yarmidan boshlab shakllangan. Xususan, N.V.Smirnov
tomonidan Farg‘ona vodiysi shaharlarining shakllanishi va
rivojlanish xususiyatlari tadqiq etilgan. Respublikada aholi
geografiyasi, demografik jarayonlar va urbanizatsiya
muammolarini o‘rganishda A.S.Soliyev [11], Z.N.Tojiyeva
[14], M.B.Buriyeva [3], O.Ata-Mirzayev [2], A.A.Qayumov
[10], Z.A.Temirov  [13], H.A.Abduvaliyev  [1],
Sh.Z.Jumaxanov [6] va boshga olimlarning ilmiy ishlari
alohida ahamiyatga ega. Ushbu tadgiqotlarda aholi
joylashuvi, migratsiya, urbanizatsiya darajasi, shaharlar
tizimining shakllanishi hamda hududiy rivojlanish muam-
molari yoritilgan.

Shu bilan birga, Namangan shahri demografik rivojla-
nishining 2010-2025-yillardagi zamonaviy tendensiyalari,
urbanizatsiya jarayonlari bilan o‘zaro bog‘ligligi, migra-
tsiya harakati, nikoh va ajralish ko‘rsatkichlari hamda
demografik o‘tish nazariyasi nuqtayi nazaridan kompleks
geografik-demografik tahlili yetarli darajada amalga
oshirilmagan. Mazkur tadqiqot ana shu ilmiy bo‘shligni
to‘ldirishga qaratilganligi bilan ahamiyatlidir.

Material va metodlar. Mazkur tadgiqotda Namangan
shahrining 2010-2025-yillar davomidagi demografik
jarayonlarini kompleks tahlil gilish uchun statistik, giyosiy
tahlil, tizimli yondashuv usullari qo‘llanildi. Tadgiqotda
rasmiy statistika ma’lumotlari, ilmiy adabiyotlar va milliy
hisobotlar asosiy manba sifatida jalb gilindi.

Natijalar va ularning muhokamasi. Namangan shahri
viloyat hududining atigi 2,0 foizini egallashiga garamay,
demografik salohiyatning yuqori darajada jamlanganligi
bilan ajralib turadi. 2025-yilda shaharda 713,4 ming kishi
istiqgomat gilgan bo‘lib, bu viloyat jami aholisining 22,8
foizini va shahar aholisining 35,1 foizini tashkil etadi.
Mazkur holat Namanganning viloyatdagi aholi kontsen-
tratsiyasining eng yirik markazi ekanligini ko‘rsatadi.

2010-2025-yillar davomida Namangan shahri aholisi
tabiily o‘sish va ichki migratsiya hisobiga sezilarli ravishda
ortdi. Qishloq hududlaridan markazga ko‘chish sur’ati
kuchaydi. Shahar aholisi 2010-yilda 441,3 ming kishini
tashkil etgan bo’lsa, 2025-yilda 713,4 ming kishiga yetdi,
ya’ni so’nggi 15 yil ichida 272,1 ming kishiga ortgan, yoki
har yili o’rtacha 18,2 ming kishidan ko’paygan. gariyb 62
foizga Aholi zichligi 1 kv.km.ga 4756 kishini tashkil etdi
[17].
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Aholining takror barpo bo ‘lishi hududning eng muhim
ijtimoiy-igtisodiy ~ko‘rsatkichlaridan biri bo‘lib, aholi
sonining o‘zgarishi tug‘ilish va o‘lim (tabiiy harakat),
shuningdek, immigratsiya va emigratsiya (mexanik harakat)
jarayonlari natijasida shakllanadi [12]. (1-jadval).

1-jadval. Namangan shahri aholisining demografik
ko‘rsatkichlari (2010-2025-yy)

Aholi Mutlog | g o) N
Mo | yillar | Somi | otsish = o) TETE g
(ming (ming She ._5 S ,ga/
kishi) | kishi) |& | & | =
1 | 2010 | 4413 - 236 |48 | 18,8
2 | 2011 | 453,5 12,2 231 |48 |18,3
3 | 2012 | 4611 7,6 23049181
4 | 2013 | 468,0 6,9 246 |48 | 198
5 | 2014 | 475,7 7,7 269 |51]218
6 | 2015 | 4849 9,2 26,0 | 51| 20,9
7 | 2016 | 493,3 8,4 269 | 531|216
8 | 2017 | 590,2 96,9 249 | 53] 196
9 |2018 | 600,2 10,0 270149221
10 | 2019 | 612,2 12,0 28,7 | 49 | 23,8
11 | 2020 | 626,1 13,9 29,8 | 51 | 24,7
12 | 2021 | 644,8 18,7 31,3 |51 26,2
13 | 2022 | 661,1 16,3 314 |50 | 26,4
14 | 2023 | 678,2 17,1 32049271
15 | 2024 | 696,5 18,3 285 |51 | 234
16 | 2025 | 713,4 16,9 26049211

Izoh: Jadval O ‘zbekiston Respublikasi Milliy statistika
qo ‘mitasi ma lumotlari asosida mualliflar tomonidan
tuzilgan.

2010-2024-yillarda Namangan shahrining demografik
jarayonlari muntazam o‘sish bilan birga ayrim keskin
siljishlarni ham ko‘rsatadi. Taqqoslash uchun, O°zbekiston
bo‘yicha o‘rtacha aholi o‘sishi (2010-2025-y.y) 33 foizni
tashkil etganligini hisobga olsak, Namangan shahri o‘sish
sur’ati respublika o‘rtacha ko‘rsatkichidan deyarli ikki
baravar yuqori. Aholi sonining bunday tez o‘sishi, avvalo,
tug‘ilish darajasining yuqoriligi hamda o‘lim darajasining
nisbatan pastligi bilan izohlanadi.

Mutloq o‘sish ko‘rsatkichlari tahlili ushbu jarayonning
ichki tuzilishini ochib beradi va quyidagi bosqichlarni ajra-
tish mumkin: 1-bosgich — 2010-2016-yillar davomida aholi
sonining yillik o‘sishi 6,9—12,2 ming kishi oralig‘ida bo‘lib,
bu davrda demografik jarayonlar nisbatan bargaror
kechgan; 2-bosgich — 2017-yilda kuzatilgan 96,9 ming
kishilik keskin o‘sish demografik jarayonlarda o‘ziga xos
burilish nuqtasi bo’ldi. Mazkur sakrash tabiiy ko‘payish
bilan emas, balki hududiy kengayish jarayonlari bilan ham
chambarchas bog‘ligdir. Xususan, 2017-yilda shaharning
ma’muriy chegaralari kengaytirilishi natijasida yangi turar-
joy massivlari, shahar atrofi hududlari va qator gishloq
aholi punktlari shahar tarkibiga qo‘shildi, ya’ni, 2016-yilda
Namangan shahri aholisi sonining o‘sishiga Namangan,
Uychi va Yangiqo‘rg’on tumanlarida yashovchi aholining
bir gismi go‘shilishi sabab bo‘lgan. Natijada, shahar hududi
kengaydi, aholi zichligi gayta shakllandi, kundalik pendul-




yatsion migratsiya’ kuchaydi, yangi uy-joy massivlari
vujudga keldi, transport va muhandislik infratuzilmasiga
yuklama ortdi. 3-bosgich — 2018-2025-yillar davomida
aholi o°sish sur’atlarining yana barqarorlashgani va ma’lum
darajada tezlashgani kuzatiladi. Ushbu davrda yillik mutlog
o‘sish 10—18 ming kishi oralig‘ida bo‘lib, aynigsa, 2021—
2024-yillarda maksimal ko’rsatkichlarga erishgan. Bu holat
tabily ko‘payishning yuqori darajada saqlanib qolishi va
ayni paytda ichki migratsiyaning kuchayishi bilan
izohlanadi.

Tug‘ilish  koeffitsiyenti tahlili  muhim  demografik
xulosalar chigarish imkonini beradi. 2010-yilda 23,6%o (har
1000 kishiga 23,6 tug‘ilgan) ni tashkil etgan ushbu
ko‘rsatkich 2023-yilga kelib 32,0%. ga yetgan. Bu 8,4
promillega o‘sish demografiyada “yuqori demografik
o’sish” deb ataluvchi jarayonning mahalliy miqyosda
namoyon bo‘lganligini ko‘rsatadi. Shu bilan birga, 2024—
2025-yillarda tug‘ilish koeffitsiyentining 28,5%o0 va 26,0%o
gacha pasayishi demografik jarayonlarda yangi tendensiya-
lar shakllanayotganidan dalolat beradi. Ushbu pasayish
urbanizatsiya darajasining oshishi (shahar turmush tarzi
tug‘ilishni cheklovchi omil sifatida), ayollarning mehnat
bozoridagi faolligi va ta’lim darajasining ortishi, nikoh
yoshining kechikishi kabi omillari ta’sirida bo’lishi
mumkin [15].

O‘lim koeffitsiyenti butun kuzatuv davri mobaynida
4,8-5,3%0 oralig‘ida saqlanib qolmoqda. Bu ko‘rsatkich-
ning nafagat past, balki barqgarorligi diggatga sazovordir.
Taqqoslash  uchun, Birlashgan Millatlar  Tashkiloti
ma’lumotiga ko’ra, rivojlanayotgan mamlakatlarda o‘lim
darajasi odatda, 6-8%. atrofida bo‘ladi. Barqaror past
ko‘rsatkich sog‘ligni saqlash tizimining nisbatan samarali
faoliyat yuritayotgani, bola o‘limining keskin kamay-
ganligi, aholi turmush darajasining ma’lum darajada
yaxshilanganligini anglatadi. O‘lim darajasining pastligi
tabily ko‘payishning yuqori bo‘lishiga bevosita ta’sir
ko‘rsatuvchi omillardan biri hisoblanadi.
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1-rasm. Namangan shahrida aholi takror barpo bo‘lish
dinamikasi (2010-2025-yillar)

Tabiiy ko‘payish koeffitsiyenti 2010-yildagi 18,8 pro-
milledan 2023-yilda 27,1 promillega gadar oshgan. 2025-
yilda tabily ko‘payish koeffitsiyentining 21,1 promilleni
tashkil etdi. F.Notesteinning demografik o‘tish nazariyasiga
ko’ra, Namangan shahri hozirgi kunda demografik o‘tish

% Pendulyatsion migratsiya — bu aholining doimiy yashash
joyini o‘zgartirmagan holda, ma’lum muddat davomida
(odatda har kuni yoki haftalik) ish, o‘qish, xizmat ko‘rsatish
va boshga ehtiyojlar sababli bir hududdan ikkinchi hududga
gatnab yurishidir.
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nazariyasining Il bosgichiga yaginlashayotgan hudud sifat-
ida tavsiflanadi. Tug‘ilish darajasi yuqori bo‘lib qolayotgan
bo‘lsa-da, uning asta-sekin pasayishi kuzatilmoqda, o‘lim
darajasi esa barqaror past ko‘rsatkichlarda saglanmogqda.
Bunga urbanizatsiya, ta’lim darajasining oshishi, ayniqsa,
ayollarning ijtimoiy faolligi ortishi sabab bo‘ladi va aholi
o‘sishi sekinlashadi.

Namangan shahrida aholi sonining yuqori sur’atlarda
o°sishi birgina tabiiy ko‘payish yoki migratsiya bilan emas,
balki demografik, ijtimoiy-igtisodiy va urbanizatsion omil-
larning o°zaro ta’siri natijasida shakllanmoqda. Namangan
shahrida aholi sonining yuqori sur’atlarda o‘sishiga ta’sir
etuvchi muhim demografik omillardan biri reproduktiv
yoshdagi ayollar (15-49 yosh) ulushining salmogliligidir.
Namangan shahrida reproduktiv yoshdagi ayollar soni
163,5 ming kishini tashkil etib, jami aholi sonining 22,9
foiziga teng bo‘lgan. Mazkur ko‘rsatkich tug‘ilish darajasi-
ning yuqori saqlanishi hamda tabiiy ko‘payish
sur’atlarining barqaror shakllanishi uchun qulay demografik
zamin yaratmoqda. Bundan tashqari, Namangan shahri va
umuman, Farg‘ona vodiysi aholisi uchun xos bo‘lgan
milliy-demografik xususiyatlar ham muhim omil hisob-
lanadi. Oila institutining mustahkamligi, ko‘p farzandli
oilalarga ijobiy munosabat va avlodlar davomiyligiga
asoslangan qadriyatlar tizimi tug‘ilish darajasining nisbatan
yuqori saqlanishiga ta’sir ko‘rsatadi. Aynigsa, vodiy hudud-
larida 3 va undan ortiq farzandli oilalar ulushi mamla-
katning ayrim boshga hududlariga nisbhatan yuqgoriroq ekan-
ligi kuzatiladi.

Namangan shahrida tabily ko‘payish koeffitsienti
(21,1%0) mintaqaning boshqa yirik shaharlariga nisbatan
yugori bo‘lib, aholi sonining o°sish sur’atlari bo‘yicha ham
Namangan shahri Farg‘ona, Andijon va Qo‘qon shaharlari
bilan solishtirilganda yuqori dinamikaga ega ekanligi
aniglandi. Bu holat Namanganning Farg‘ona iqtisodiy ray-
onidagi demografik markaz va urbanizatsion o‘sish qutbi
sifatidagi mavqeyini oshiradi [13].

Umuman olganda, Namangan shahrida kuzatilayotgan
demografik jarayonlar murakkab va ko‘p omilli xususiyatga
ega bo‘lib, ularning shakllanishida tabily va mexanik
harakat omillari o‘zaro chambarchas bog‘liq holda
namoyon bo‘ladi. Aholi sonining o‘sishida tabiiy ko‘payish
hal qiluvchi rol o‘ynayotgan bo‘lsa-da, so‘nggi yillarda
migratsiya jarayonlarining ta’siri ham sezilarli darajada
ortib bormoqda. Migratsiya jarayonlarining miqdoriy va
sifat jihatlarini tahlil gilish ularning shahar demografik
rivojlanishidagi o‘rnini aniq belgilash imkonini beradi.
Namangan shahri viloyatning barcha tumanlari, aynigsa,
Namangan, Uychi, Norin, Chortoq, To‘raqo‘rg‘on,
Uchqgo‘rg‘on va Yangiqo‘rg‘on tumanlari uchun mehnat
bozori, ta’lim va xizmat ko‘rsatish markazi vazifasini
bajaradi. Mazkur hududlardan shaharga yo‘nalgan kundalik
pendulyatsion migratsiya oqimlari shakllangan bo‘lib,
aholining ishga, o‘qishga, tibbiy xizmatlardan foydalanish
va savdo magsadlarida muntazam qatnovi Kkuzatiladi.
Shuningdek, shaharda viloyatdagi asosiy oliy ta’lim
muassasalari, ixtisoslashgan tibbiyot markazlari, vyirik
savdo va xizmat ko‘rsatish obyektlarining joylashganligi
ichki migratsiya jozibadorligini kuchaytiruvchi omillar
hisoblanadi. Natijada qishlog hududlaridan shaharga
doimiy va vagqtinchalik ko‘chib kelish jarayonlari urbani-
zatsiya sur’atlarini jadallashtirmoqda.




2-jadval. Namangan shahri aholisi migratsiya
ko‘rsatkichlari (2010-2025-yy)
Immigratsiya | Emigratsiya k'\g?;(:;!;
Ne | Yillar
Har 1000 kishiga nisbatan, %o

1 | 2010 2,8 3,5 -0,7
2 | 2011 1,6 3,3 -0,7
3 | 2012 0,9 3,6 -2,7
4 | 2013 0,85 4,1 -3,25
5 | 2014 1,5 3,9 -2,4
6 | 2015 0,5 3,9 -3,4
7 | 2016 1,2 3,7 -2,5
8 | 2017 0,4 2,7 -2,3
9 | 2018 0,9 3,0 -2,1
10 | 2019 1,8 2,9 -1,1
11 | 2020 0,8 3,1 -2,3
12 | 2021 1,25 2,2 -0,95
13 | 2022 1,1 2,0 -0,9
14 | 2023 1,5 1,9 -0,4
15 | 2024 1,9 2,4 -0,5
16 | 2025 1,2 1,7 -0,5

Izoh: Jadval O Zbekiston Respublikasi Milliy statistika
qo ‘mitasi ma’lumotlari asosida mualliflar tomonidan tuzil-
gan.

Namangan shahrida  2010-2025-yillar  oralig‘ida
migratsiya jarayonlari aholi dinamikasining muhim tarkibiy
gismlaridan biri bo‘lib, mexanik ko‘payish (immigratsiya
va emigratsiya o‘rtasidagi farq) orqali ifodalanadi. Tahlil
gilinayotgan  davr mobaynida  mexanik  harakat,
asosan, manfiy balans bilan tavsiflanadi, ya’ni emigratsiya
immigratsiyaga nisbatan yuqori bo‘lib, shahar aholisi
migratsiya hisobiga kamayish tendensiyasini ko‘rsatgan.
Bu holat Namangan shahrining migratsion jozibadorligi
masalasini ilmiy jihatdan gayta ko‘rib chiqishni talab
giladi.

2010-2016-yillarda immigratsiya ko‘rsatkichlari 0,5-
2,8%0 oralig‘ida o‘zgarib tursa, emigratsiya 3,3—4,1%o
darajasida saqlanib qolgan. Natijada, mexanik ko‘payish
koeffitsiyenti doimiy ravishda salbiy bo‘lgan va eng past
ko‘rsatkich 2015-yilda qayd etilgan (—3,4%0). Bu holat
mamlakatda tashqgi migratsiya balansining manfiyligini,
ya’ni ketayotganlar sonining kelayotganlardan muntazam
ravishda ko‘pligini ko‘rsatadi. Migratsiya yo‘qotishlarining
kuchayishini quyidagi omillar bilan izohlanadi:

- igtisodiy omillar: ish o‘rinlari yetishmasligi, daro-
madlar darajasining nisbatan pastligi, xorijda (aynigsa,
Rossiya Federatsiyasi, Qozog‘iston, Turkiya va Janubiy
Koreyada) yugori daromad olish imkoniyatlarining mavjud-
ligi aholining mehnat migratsiyasiga yo‘nalishini
kuchaytirgan;

- demografik omillar: mehnatga layoqatli yoshdagi aholi
ulushining yugoriligi va ichki mehnat bozorining bunday
miqdordagi ishchi kuchini to‘liq qabul qilish imkoni-
yatining cheklanganligi.

2017-2022-yillarda emigratsiya darajasi biroz pasaygan
bo‘lsa-da, immigratsiya ham nisbatan past darajada
qolganligi sababli mexanik ko‘payish baribir manfiy bo‘lib
golgan. Bu holat shahar migratsiya tizimining nisbatan
barqaror bo‘lgan bosqichini aks ettiradi.
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2022-2025 vyillarda esa, migratsiya jarayonlari yana
muvozanatsiz holatga qaytgan, biroq mehanik ko’payish
keskin emas. Bu davrda mexanik ko‘payish —0,4%0 dan
—0,9%0 gacha bo‘lgan oraliqda saqlanib, emigratsiya va
immigratsiya o‘rtasidagi farq sezilarli darajada gisgargan.
Oldingi vyillarga nisbatan aholining xorijga chigib ketish
sur’atlari biroz pasaygan bo‘lib, bunga ichki iqtisodiy
sharoitlarning ma’lum darajada yaxshilangani, yangi ish
o‘rinlarining yaratilishi va hududiy rivojlanish dasturlari-
ning amalga oshirilishi sabab bo‘lgan. Shunga qaramay,
shahar aholisi o‘sishida asosiy omil sifatida tabiiy
ko‘payish ustun ahamiyat kasb etadi, migratsiya esa, ushbu
o‘sish sur’atini biroz pasaytiruvchi ikkilamchi omil sifatida
golmoqda.

Namangan shahri demografik rivojlanishining o‘ziga
x0s xususiyatlarini chuqurroq baholash magsadida uning
demografik ko‘rsatkichlarini respublikaning yirik shaharlari
— Toshkent, Samargand va Andijon bilan giyoslash
magsadga muvofiqdir. Mazkur shaharlar O‘zbekiston
urbanizatsiya tizimida muhim o‘rin tutib, aholi soni,
migratsion jozibadorligi va iqtisodiy salohiyati bilan ajralib
turadi.

Toshkent shahrida aholi sonining o‘sishida migratsiya
omili ustun ahamiyat kasb etadi. Poytaxt sifatida u mamla-
katning asosiy igtisodiy, moliyaviy va ma’muriy markazi
bo‘lib, ichki va tashqi migratsiya oqimlarini o‘ziga jalb
etadi. Shu sababli, Toshkent shahrida urban-demografik
rivojlanish ko‘proq migratsion konsentratsiya hisobiga
shakllanadi. Samargand shahri ham vyirik tarixiy va iqti-
sodiy markazlardan biri sifatida urbanizatsiya jarayonlari
turizm, xizmat ko‘rsatish va migratsiya omillari bilan
chambarchas bog‘liq. Namangan shahrida esa aholi
sonining o’sishi asosan, yuqori tabiiy ko‘payish hisobiga
yuz bermogda. Migratsiya balansining uzoq vyillar davo-
mida manfiy bo‘lib qolishi shuni ko‘rsatadiki, Namangan
aholisi o‘sishining asosiy omili tug‘ilish darajasining
yugqoriligi bilan bog‘liq.

Andijon shahri Farg‘ona vodiysidagi yirik shahar
markazlardan  biri  bo‘lib, demografik  rivojlanish
Xususiyatlari jihatidan Namanganga o’xshash. Har ikkala
shaharda ham tug‘ilish darajasi yuqori va tabiiy ko‘payish
aholi o‘sishining asosiy manbayi hisoblanadi. Biroq, 2025-
yil holatiga ko‘ra, Namangan shahri aholisi soni (713,4
ming kishi) Andijon shahri aholisidan (492,4 ming kishi)
sezilarli darajada yuqori bo‘lib, Namanganning Farg‘ona
vodiysidagi eng yirik demografik markaz sifatidagi
mavgeyini tasdiglaydi. Umuman olganda, Toshkent shahri-
da migratsion urbanizatsiya, Samargandda turizm va xizmat
ko‘rsatishga tayangan urbanizatsiya, Namangan va
Andijonda tabiiy demografik o‘sishga asoslangan urbani-
zatsiya modeli ustunlik giladi.

Nikoh va ajrim ko‘rsatkichlari aholining demografik
rivojlanish darajasini ifodalovchi muhim ijtimoiy indika-
torlar hisoblanadi. Ular jamiyatdagi ijtimoiy-igtisodiy
sharoitlar, madaniy qadriyatlar va aholi xulg-atvoridagi
o‘zgarishlarni aks ettiradi. Ushbu ko‘rsatkichlar orqali
oilaviy barqgarorlik hamda demografik jarayonlarning
umumiy tendensiyalarini baholash mumkin (3-jadval).




3-jadval. Namangan shahri aholisi o‘rtasida nikoh-
lanish ko‘rsatkichlari (2010-2025-yy)

B (e E|lp2 |28
22| £ |22z|2E_| 8%z
. ° X 7} CSEQC| 8=z |5 < 0
Yillar § E % E § %2\ o% § 2 ggg
EE £ = % g ° 8% © %
- = ‘3 — g S o ‘3
2010 | 441,3 | 4523 10,3
2011 | 453,5 | 4238 9,3
2012 | 461,1 | 4488 9,7
2013 | 468,0 | 4441 9,5
2014 | 475,7 | 4632 9,7
2015 | 484,9 | 4543 9,4 317,2 14,3
2016 | 493,3 | 4145 8,4 323,5 12,8
2017 | 590,2 | 5658 9,5 386,6 14,6
2018 | 600,2 | 5733 9,5 392,0 14,6
2019 | 612,2 | 5872 9,6 397,3 14,7
2020 | 626,1 | 4894 7,8 403,0 12,1
2021 | 644,8 | 5457 8,4 411,3 13,2
2022 | 661,1 | 5221 7,9 386,9 13,4
2023 | 678,2 | 5030 7,4 4225 11,9
2024 | 696,5 | 5251 7,5 430,6 12,1
2025 | 713,4 | 5459 7,6 440,8 12,3

Izoh: Jadval O‘zbekiston Respublikasi Milliy statistika
qo‘mitasi ma lumotlari asosida mualliflar tomonidan tuzil-
gan.

2010-2025-yillar oralig‘ida nikoh jarayonlarida sezilarli
demografik o‘zgarishlar kuzatilgan. Nikohning umumiy
koeffitsiyenti 2010-yilda 10,3 promilleni tashkil etgan
bo‘lib, mazkur ko‘rsatkich davr oxirigacha ko‘tarilib-
pasayib, notekis tendensiyani hamoyon etgan. Aynigsa, eng
keskin pasayish 2020-yilda kuzatilib, 2019-yildagi 9,6
promilledan 7,8 promillegacha kamaygan. Ushbu holat,
avvalo, COVID-19 pandemiyasi bilan izohlanadi. Pande-
miya davrida joriy etilgan karantin cheklovlari natijasida
to‘y va ommaviy marosimlar vaqtincha taqiqlandi yoki
keskin qisqartirildi, FHDYO organlari faoliyati ham
ma’lum darajada cheklangan. Bu pasayishdan keyin
2021-2025 yillarda gisman tiklanish kuzatilgan bo‘lsa-da,
2019-yildagidek yuqori ko‘rsatkichga yetmagan.

Nikoh jarayonlarini to‘g‘ri baholash uchun nikoh
yoshidagi aholi kontingentiga (1669 yosh) murojaat qilish
metodologik jihatdan to‘g‘riroqdir. Chunki umumiy nikoh
koeffitsiyenti aholining barchasini (shu jumladan, nikoh
yoshiga yetmagan va ancha katta yoshdagi aholini) hisobga
olgan holda hisoblanadi va shu sababli nikoh intensiv-
ligining asl holatini to‘liq aks ettirmaydi. 16-69 yoshdagi
aholi soni 2015-yilda 317,2 ming Kishini tashkil etgan
bo‘lsa, 2025-yilga kelib 440,8 ming kishiga yetgan.
Bu nikoh uchun demografik bazaning 1,4 baravar
kengayganini, ya’ni nikoh yoshidagi aholi salmog‘i sezilarli
darajada ortganini ko‘rsatadi. Biroq, shunga qaramay,
mazkur yosh guruhi bo‘yicha nikoh koeffitsiyenti 2015-
yildagi 14,3%0 dan 2025-yilda 12,3%0 gacha pasaygan, bu
pasayish nikoh intensivligining kamayganini anglatadi.

Ushbu garama-garshi holatni bir nechta omillar bilan
izohlash mumkin. Birinchidan, ijtimoiy omillar ta’sirida
nikoh yoshining kechikishi kuzatilmoqgda. Yoshlar orasida
oliy ta’lim olish, kasbiy faoliyatni yo‘lga qo‘yish va
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moddiy barqgarorlikka erishish ustuvor ahamiyat kasb etib,
nikohni keyingi yoshga surish tendensiyasi kuchaymoqda.
Natijada, nikoh yoshidagi aholi soni ortgan bo‘lsa-da,
ularning barchasi bir vaqtning o‘zida nikohga kirishma-
yapti.

Ikkinchidan, igtisodiy omillar ham muhim rol o‘ynaydi.
Uy-joy masalalari, daromad barqarorligi va to‘y xarajatla-
rining yuqoriligi yoshlarning nikohga kirish qgaroriga
bevosita ta’sir ko‘rsatadi. Bu holat nikoh intensivligining
pasayishiga olib kelmoqgda. Shuningdek, jamiyatda gadri-
yatlar tizimining o‘zgarishi ham sezilmoqda. Individua-
lizmning kuchayishi, fugarolik nikohlari (rasmiylashtiril-
magan munosabatlar)ning nisbatan ortishi va shaxsiy
erkinlikka intilish nikoh darajasining pasayishiga sabab
bo‘lmoqda. Umuman olganda, tahlil gilinayotgan davrda
aholi soni bargaror o‘sgan bo‘lsa-da, nikoh intensivligi
pasayish tendensiyasiga ega bo‘lgan.

2010-2025-yillar davomida ajralish ko‘rsatkichlari
tahlili hududda nikoh va oila institutining sezilarli trans-
formatsiyaga uchraganini ko‘rsatadi. Tadqiq etilayotgan
davrni shartli ravishda uch bosgichga ajratish mumkin:
2010-2020-yillar nisbatan bargaror davr, 2021-2023-
yillardagi keskin o‘sish bosqichi hamda 2024-2025 vyillar-
dagi sekin pasayish davri (4-jadval).

4-jadval. Namangan shahri aholisi o‘rtasida ajralish
ko‘rsatkichlari (2010-2025-yy)

2 £ = El'e8 5

S8 | E28_ g ¥=g2

vilar | ES | 5EZZ IR25 G g%

=15 SEES SoSE gk

< &» =S o TGl = 2D

<8 |57 gEss
Y4
2010 | 409 0.9 9.0
2011 | 404 0.9 95
2012 | 325 0,7 72
2013 | 424 0,9 95
2014 | 514 1,0 111
2015 | 464 1,0 15 10,2
2016 | 491 1,0 15 12,0
2017 | 578 1,0 15 10,2
2018 | 546 0.9 14 95
2019 | 590 1,0 15 10,0
2020 | 411 0,7 1,1 85
2021 | 861 13 2.1 158
2022 | 1111 1,7 2.9 213
2023 | 993 15 24 19,7
2024 | 970 14 23 185
2025 | 954 13 22 175

Izoh: Jadval O<zbekiston Respublikasi Milliy statistika
q0‘mitasi ma’lumotlari asosida mualliflar tomonidan tuzil-
gan.

2010-2020 yillar oralig‘ida ajralishlar soni 325 tadan
590 tagacha bo‘lgan diapazonda o‘zgarib, umumiy ajralish
koeffitsiyenti, asosan, 0,7—1,0 %o atrofida shakllangan. Har
100 ta nikohga to‘g‘ri keladigan ajralish ko‘rsatkichi ham
7,2 dan 12,0 gacha bo‘lib, bu davrda nikohlarning nisbatan
bargarorligi saglanib golganini anglatadi. Aynigsa, 2015—
2019-yillarda 16—69 yoshdagi aholi bo‘yicha ajralish koef-
fitsiyentining 1,4-1,5 %o darajasida bo‘lishi ajralishlar in-
tensivligi past va barqaror ekanini tasdiglaydi. 2020-yilda
pandemiya sababli sun’iy pasayish kuzatilib, har 100 ta
nikohga ajralish 8,5 taga tushgan. Ushbu bosgichda ajralish




koeffitsiyenti ~ O‘zbekiston  o‘rtacha  ko‘rsatkichidan
(1,1-1,3%o) nisbatan past bo‘lgan.

Birog, 2021-yildan boshlab vaziyat tubdan o‘zgaradi.
Ajralishlar soni 411 tadan 861 taga yetib, har 100 ta
nikohga ajralish ko‘rsatkichi 15,8 taga ko‘tariladi. 2022-
yilda esa, bu ko‘rsatkichlar maksimal darajaga chiqib,
ajralishlar soni 1111 taga, har 100 ta nikohga ajralish 21
taga yetadi. Bu ko’rsatkich 2020-yilga nisbatan deyarli ikki
baravar o‘sganini anglatadi. Shu bilan birga, 16-69
yoshdagi aholi bo‘yicha ajralish koeffitsiyenti ham 2,9 %o
ga yetib, mehnatga layoqatli yosh guruhida ajralishlar
keskin ortganini bildiradi. Mazkur holatni pandemiya
davrida yuzaga kelgan ijtimoiy-igtisodiy muammolar, aholi
daromadining pasayishi, ishsizlik, oilaviy ziddiyatlarning
kuchayishi hamda ajralishlarni rasmiy gayd etish tizimining
takomillashuvi bilan izohlash mumkin.

2023-2025-yillarda ajralish ko‘rsatkichlarida ma’lum
darajada pasayish kuzatiladi. Xususan, har 100 ta nikohga
ajralish 2023-yilda 19 kishi, 2024-yilda 18,5 kishi va 2025-
yilda 17,5 kishigacha pasaygan. Lekin, bu pasayishlarga
qaramay, ko‘rsatkichlar 2010-2020-yillardagi darajaga
gaytmagan. 16-69 yoshdagi aholi bo‘yicha ajralish koef-
fitsiyenti ham 2,2-2.4 %, atrofida saglanib golmoqgda. Bu
esa nikoh institutining nisbiy zaiflashuvi, oila bargarorli-
gining pasayishi va jamiyatda demografik hamda ijtimoiy
munosabatlarning o’zgarayotganidan dalolat beradi.

Xulosa. Namangan shahrida 2010-2025-yillar davo-
mida kuzatilgan demografik jarayonlar tahlili quyidagi
asosiy xulosalarni chigarish imkonini beradi:
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1. 2010-2025-yillarda Namangan shahrida demografik
jarayonlar urbanizatsiya, hududiy transformatsiya va
ijtimoiy-igtisodiy rivojlanish bilan uzviy bog‘liq holda
kechgan. Tadgiqot natijalari shuni ko‘rsatadiki, aholi
sonining yuqori sur’atlarda o‘sishida tabily ko‘payish
asosly omil bo‘lib xizmat qilgan, 2017-yildagi ma’muriy-
hududiy o‘zgarishlar esa, demografik sig‘im va urbaniza-
tsiya ko‘lamining sezilarli kengayishiga olib kelgan.

2. Tug'ilish darajasining yuqori, o‘lim ko‘rsatkich-
larining esa, past va bargaror saglanishi Namangan shahri-
ning demografik o‘tishning uchinchi bosqichiga yaqin-
lashayotganini ko‘rsatadi. Shu bilan birga, migratsiya
balansining manfiyligi mehnat resurslarini hududda ushlab
golish va iqtisodiy jozibadorlikni oshirish zarurligini
anglatadi.

3. Nikoh intensivligining pasayishi va ajralishlar soni-
ning ortishi oilaviy-demografik munosabatlarda transfor-
matsion jarayonlar kechayotganidan dalolat beradi. Mazkur
tendensiya kelgusida aholi takror barpo bo‘lish jarayonlari
va demografik tarkibga ta’sir ko‘rsatishi mumkin bo‘lgan
muhim omillardan biri sifatida namoyon bo‘lmoqda.

Umuman olganda, Namangan shahri demografik
rivojlanishining zamonaviy bosgichi urbanizatsiya, tabiiy
ko‘payish va migratsiya jarayonlarining murakkab o‘zaro
ta’siri asosida shakllanmoqda. Ushbu tadqiqot natijalari
shaharni barqgaror rivojlantirish, ijtimoiy infratuzilmani
rejalashtirish, demografik siyosatni takomillashtirish hamda
hududiy boshgaruv garorlarini ilmiy asoslashda muhim
metodologik va amaliy ahamiyatga ega.
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Rezyume. Magolada Qoraqalpog‘iston Respublikasi hududidagi neft-gaz resurslari, ular keng targalgan investitsiyaviy
bloklar va ulardan foydalanish istigbollari hagida bayon etilgan.

KaroueBble cioBa: HehTh-ra3, IKCIOPT-UMIIOPT, TEOJOTUIECKOE H3YYCHHE, CEHCMOIIOrMYECKUil MOUCK, neTporpadu-
4ecKuil cocTaB, reorpaduueckoe pacroiiokeHue, He)Tera3oBble MHBECTUIIMOHHBIC OJIOKH, OOIUE 3amachl, Y CTIOPTCKOE

IJ1aTO, AKBATOpHUs ApaJ'ILCKOFO MOpsI.

Pe3rome. B craThe W3IOXKEHBI CBENCHHA O He()TETa3oBBIX pecypcax Ha Teppuropuu Pecrmybmmkm Kapakammakcras,
IIHUPOKO paCHpOCTpaHéHHHX HMHBCCTHULIMOHHBIX OJI0Kax 1 MEPCIICKTHUBAX UX UCIIOJIb30BAHUA.

Key words: oil and gas, export-import, geological study, seismological exploration, petrographic composition,
geographical location, oil and gas investment blocks, total reserves, Ustyurt Plateau, Aral Sea water area.

Summary. The article describes the oil and gas resources in the territory of the Republic of Karakalpakstan, the
investment blocks where they are widely distributed, and the prospects for their utilisation.

Kirisiw. Ozbekstan Respublikas1 xalqinin tez pat penen
kobeyiwi natiyjesinde neft ham tabiyiy gaz resurslarina,
awil xojaligl, sanaat ham fizikaliq tutimwshilardin elektr
energiyasina bolgan talabmin jildan-jilga kobeyiwi
natiyjesinde Ozbekstan Respublikasi tabiyiy gazdi eksport
etiwshi gatarinan import
mamleketler qatarina qosildi. Mamleketimizde qosimsha
qunli 6nimler islep shigariw magsetinde 2020-jildan baslap
tabiyly gazdin eksporti kemeyip importt dspekte. Onnan
qalaberdi Buring1 Awgam dawirinde izlep tabilgan neft-gaz
kéanlerindegi resurslar azayip, janadan neft-gaz kénlerine
mutajlik tuwdirmaqta. Misali 2017-2019-jillar araliginda
Ozbekstan sirtqa har jili 2 mird. AQSH dollarman artiq
tabiyiy gaz eksport etken bolsa, 2023-jil1 tabiyiy gazden
keletugin paydanmin saldost minus (-) 165 min. AQSH
dollari, 2024-j1l1 (-) 1,05 mlrd. AQSH dollarin quragan
bolsa, bul kérsetkish 2025-j1ldin juwmagt boyinsha 7 mlrd.
m? tan artiq tabiyiy gazdi Rossiya ham Turkmenstannan
1,66 mlrd. AQSH dollarina import etken bolsa, 628,8 min.
AQSH dollar1 mugdarindag: tabiyiy gazdi eksport etken.
2025-j1ldag1 saldo (-) 1,03 mird. AQSH dollarina ten.
Ozbekstan Respublikasinda 2024-jildia 12 ay1 juwmaglari
boyimnsha 44,6 mird m® tabiyiy gaz qazip almgan bolip, bul
korsetkish jildan-jilga kemeyip barmaqta (1-keste).

mamleketler oni etiwshi

1-keste. Ozbekstan Respublikasinda tabiyiy gaz qazip
aliw korsetkishleri (2010-2024-jillar arahigy)

Qazip alingan Qazip alingan Qazip alingan
Il koélem Il kélem Jl kélem
(mlrd m®) (mlrd m®) (mlrd m?)

2010] 65958,5 [2015] 54600,5 |2020] 497682
2011 63040,9 |2016| 56132,1 [2021 53802
2012 61531 2017| 56642,2 |2022| 516784
2013] 583054 [2018] 615855 |2023] 467104
2014| 541612 |2019] 607119 |2024] 44600

Ozbekstan Respublikasi Statistika komiteti maglwmat-
lar1 boyinsha

Neft qazip aliw boymsha da korsetkishler jildan-jilga
tomenlep, 2024-jildin 12 ay1 dawaminda 713,4 min tonna
neft qazip alingan (2-keste). Respublika neft ham neft
onimlerine bolgan talabin import esabinan qanaatlandiradi.

2-keste. Ozbekstan Respublikasinda neft qazip aliw

korsetkishleri (2010-2024-jillar arahgy)

qi |Qazp alingan| -y Qazip alingan ahgg;l]pké-
kélem (min t) kolem (min t) lem (min t)
2010 20179 |2015| 1000,1 |2020] 7394
2011] 19016 |2016] 867,9 |2021] 7741
2012] 15717 |2017| 8136 |2022] 7879
2013] 1279,8 |2018| 7457 |2023] 7783
2014] 10313 |2019| 698,7 |2024] 7134
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Neft hdm tabiyiy gazdi qazip aliw azayrwi, oni import
etiw korsetkishlerinin kobeyiwi Ozbekstandagi neft-gaz
resurslarina en perspektivali aymagqlardan biri bolgan
Qaraqalpagstan Respublikasmi Ustirt platost ham Aral
akvatoriyasindagi neft-gazli investiciyaliq bloklarda izlew-
barlaw ham burgilaw jumislarin jedellestiriwdi talap
etpekte.

Materiallar ham wusillar. Bul maqalada tiykarinan
geografiyaliq  salistinw, Kameral, aymaqliq analiz,
statistikalig-matematikaliq metodlardan paydalanildi.

Adebiyatlarga shohw. 1913-1915-jillarda tlkenin
geologiyaliq duzilisi A.D.Arxangelskiy tarepinen kefnen
uyrenildi. Jumistin juwmag retinde garezsiz stratigrafiyaliq
kolonka ham aymaqtin 1: 420 000 masshtabli geologiyaliq
kartas1 duzildi.

Ustirtte 1924-j1ldan baslap [.P.Gerasimov,
S.A.Kovalyov (1929), A.V.Danov (1927), V.A.Fedorovich
(1929) basshiliginda bir qatar ekspediciyalar sholkemles-
tirildi. Qubla Ustirtte 1929-jildan baslap I.P.Lupov 6z
izertlew jumuslarm baslagan. Ustirttin  geologiyaliq
uyreniliwine O.S.Vyalovtin (1925-1938) jumuslar1 tlken
tles qost1. Ol Ustirttin ultwma geologiyaliq, stratigrafiyaliq,
tektonikaliq, gidrogeologiyaliq hdm geomorfologiyaliq haim
oni orap turgan chinklerdi uyrenip shiqt;, Ustirttin
1:2000000 masshtabl1 geologiyaliq kartasin isledi.

Ustirttin = Amiwdarya tarepi menen shegaralangan
boéliminde 1932-jili A.L.Smolko jumus alip bardi. Ol
aymagqtm 1:1 000 000 masshtabli geologiyaliq kartasin islep
shigtr. Ol birinshi bolip Ustirtte neft ham gaz boliw1
kerekligi haqqinda aytip 6tti. Qubla  Aralboymin
geologiyaliq uyreniliw jumislarina  1932-jili  sholkem-
lestirilgen Qaragalpagstan kompleksli ekspediciyasi ulken
ules qosti. N.V.Lomakin, A.F.Sosedko, I.P.Gerasimov,
A.S.Zaporojecev, N.P.Petrovlar  jumislarinda stratigra-
fiyalig, tektonikaliq, gidrogeologiyaliq, geomorfologiyaliq
ham paydal1 qazilmalar haqqinda tarli tusinikler bergen.

Keyinirek V.I.Solun (1940) Ustirt chinklerindegi por
dawirindegi jinislarinda joqart porli, paleogenli, neogenli
jatqiziglardin orayliq tegislik boliminde bar ekenligin
aniqladi. Ol litologiyaliq, stratigrafiyaliq, joqari porl,
paleogenli, neogenli jatqiziglarga Aybuyirde,
Barsakelmeste, Shaqgpaqtida, Qarawimbette, Aq-jol
tumsiginda izertlew jumislarin jargizgen.

1948-jildan baslap Ustirt aymagi ham ol menen qofist
bolgan rayonlarda mamleketimiz ulken masshtabli geolo-
giyalig syomkalaw, burgilaw, geofizikaliq, geologiyaliq
izertlew jumislarin alip bardi. Paleogenli bolimlerge boliw
boyinsha N.E.Minakov (1952, 1954, 1956) tilken tles qosti.
Ol paleogenli jatqiziqlarda rejektonli foraminiferdin har
tarli tarlerin Gyrendi. Bul tomengi paleogenli jatqiziglar
arasman orta ham joqari eocendi ajiratip aliwga sharayat
jaratt1.

Aldagr  1953-1955-jillart  A.L.Yanshin  (1953),
G.Ayzanshtaxdt (1954), R.l.Viyalov (1954), V.G.Rixter,
E.G.Maev (1955), V.l.Samodurov (1955), V.E.Xayn
(1955), V.I.Petrushevskiylerdin (1955) aymaqt1 izertlew
boyinsha toplagan miynetleri kép boldi. Bul jumislardin
ishinde 4asirese V.L.Yanshin ham E.A.Petrushevskiydin
jumislar1 juda jagsi tarepi menen kozge taslandi [3].

Bul jumislarda sol waqitqa shekem geologiyaliq
tusinikler, olardin talqilaniwi haqqinda ham janadan jana
maghiwmatlar toplami Qaraqalpaqstannin  geologiyaliq
qurilist traktivkasinda keltirilgen. Bul jillardan baslap
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masshtabli bolgan karta mamleket geologiyaliq kartasin
duziwdin geologiyaliq syomkasi baslandi. Bul jumista
jetekshi roldi VAGT alip bardi. 1956-jildan baslap bul
jumisqa SGKP qosildi. Usmnan keyin 1957-jildan baslap
bul jumisqa Ozbekstannif bas geologiyasimn ilim-izertlew
bolimi  tartildi.  Geologiyallq syomkaliq  jumuslar
konstruktorliq burgilaw menen birge ken kolemde alip
barildi. Bul jumislardin juwmagmda tektonikaliq ham
stratigrafiyaliq jatqiziqlardin aniq korsetkishi alindi.

Toshiz kartirovalig ham profilli skvajina jardemi
natiyjesinde ushlemshi jatqiziglar ham joqar1 gorizontliq
por sistemas1 toliq Uyrenilip shigildi. 1956-jildan VNIGNI
(A.V.Danov ham basqalar) joqarida korsetilgen aymagqta
neft ham gazdin barligi, perspektivasina baha berdi ham
1956-1965-j1llarda geologiyaliq ilimiy-izertlew jumislarina
bas joba duzildi. Seysmologiyaliq barlaw jumuslari
natiyjesinde tUyrenilip atirgan aymaqtin teren qurilisi
belgilendi ham bir qatar lokalliq koteriliwler aniglandi,
bulardin bir bolimi teren burgilawga tayarlandi.

Izertlewler nétiyjesinde  A.M.Akramxodjaev  [2],
X.X.Avazxodjaev [1], A.A.Bakirov, A.G.Babaev,
A.ABorisov, LI.Bikov, Yu.M.Vasilev, A.A.Valiev,

V.G.Gavrilov, 1.G.Granberg, R.G.Gareckiy, Yu.N.Godin,
G.K.Dikenshtein, E.A.Jukov, E.M.Kazakov, V.G.Koc,
N.S.Melnichuk, V.l.Popov, N.I.Pridnev, K.A.Nabiev,
B.B.Tal-Birekshi, L.P.Polkanova, V.P.Polyakova,
I.S.Rodilskiy, 1.V.Skvorcov, Yu.A.Fedotov, M.M.Charfgin,

I.N.Shebueva, A.E.Shlezinger, V.1.Shraybman,
V.M.Kochetnova, J.A.Gruzkin, J.Samanov [4],
J.Yuldashev, S.S.Shulc ham basqalardin esabatlari

baspadan shigargan jumislarinda korsetildi.

Bul izertlew jumislarmin esabi boyinsha Ustirttin neft
ham gazinin tiykargi keleshegin yuraliq ham témengi por
dawiri jatqiziglart menen baylanisli boliw1 kerekligi
boljandi.

Jogarida korsetilgen izertlew jumislariin natiyjeleri
arasinda Ustirt, Qubla Emba, Mangishlaq ham basqada
rayonlardin  fundamentli strukturasin teren Uyreniw
boyinsha jida tlken jumisti 1956-1960-jillar dawaminda
R.G.Gareckiy ham V.I.Shraybman orinladi.

Olar seysmologiyaliq barlawda, gravnobarlawda aero-
magnitlik syomkani esapqa alip, juwmagqlastirip, gravi-
taciyaliq dalaliqt1 rayonlastiriw kartasin toplaw tiykarinda,
tektonikaliq rayonlastiriw sxemasin, paleozoyliq fundamen-
tinin kartasin ham basqalardu islep shiqti.

1962-jili  IGIRNIGI Ozbekstan IA  xizmetkerleri
A.M.Akramxodjaev,  Yu.A.Fedotov,  Yu.N.Mikinova,
Ya.S.Ibragimov, E.A.Jukova ham basqalardin

Qaraqalpagstan geologiyas1 ham neft-gazliligi boyimsha
sorawlar atli kitab1 baspadan shiqt.

Bul jumis Qaraqalpagstan boyinsha geologiyaliq
izertlewlerdin birinshi basqish1 bolip tabiladi. Onda
jinislardin  stratigrafiyaliq, tektonikaliq, paleozoyliq,
mezakaynozoyliq, litologiyaliq, petrografiyaliq quramu,
petromassik hdm mezozoyliq jatqiziqlarinin kollektorliq
ozgeshelikleri haqqinda aytilgan.

A.Akramxodjaevtin basshiliginda avtorlar bul jumistin
ayirim baplarinda neft-gaz boyinsha rayonnin keleshegine
qadagalaw sxemasin bergen [2].

Ust sxemaga tiykarlanip Gyrenilip atirgan aymaq ham
ogan qonst rayonlardin ham turli keleshegi bar bolimlerine
ajiratilip korsetilgen.




Talqilaw ham natiyjeler. 1960-jili Ustirtte birinshi
marte izlew-barlaw jumislarinda parametrikaliq burgilaniwi
baslandi. Birinshi ndwbette barlaw burgismin tiykargi
bagdart Aqtumsiq iri koteriliw zonasina qaratildi, sonin
natiyjesinde bul zonalardin kelesheginin joqligt belgili
boldi. Aldagi1 waqitlari izlew-barlaw jumuslar1 keleshegi bar
terrtoriyalarga qaratildi. Izlew-barlaw jumuslart
Barsakelmestin shigis ham arqa bolimlerinde (Alanbek,
Aqqulaq, Aseke-awdan, Quwanish, Qaraoy) ham jana
Aseke awdan bortimin shetlerinde, Shaqpaqtida alip barila
baslandi.

Qaragalpaqstan Respublikasi neft-gaz
geografiyaliq jaylasiwina qaray toémendegi
investiciyaliq bloklarga ajirattwimiz mumkin:

1) Aqtumsiq

2)  Quwanish

3) Agiyin

4)  Nasambek

5)  Qubla Urge

resurslarinin
neft-gazli

6) Agsholaq
7)  Shagpaqti
8) Sudoche

9)  Aral akvatoriyasi [3]

Sonnan Aqtumsiq, Quwanish, Aqiyin, nasambek, Batis
Urge, Agsholaq ham Shagpaqti bloklarin “Uzbekneftegaz”
MXK  menen  birgelikte  Rossiyamin  “Gazprom”
kompaniyasi birge tyrenbekte.

Al, Sudoche bloginda “Uzbekneftegaz” MXKnin 6zi
geologiyaliq barlaw, burgilaw, razvedka jumuslarin alip
barmaqta. Bul aymaqta en ulken tabiyiy gaz kanleri
ashilgan. Olar Surgil, Berdaq, Shigis Berdaq, Arqa Berdaq
kanleri esaplanadi.

Investiciyaliq bloklar maydani
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Ne Investiciyaliq blok atamasi Maydani (km®)
1 Agqtumsiq 7438
2 Quwanish 5210
3 Agiyin 12 510
4 Nasambek 5415
5 Batis Urge 1645
6 Agsholag 2104
7 Shagpaqti 3715

Aqtumsiq bloginin gaz resurslarinin uliwma zapasi 100
mird. metr kubtan artiq bolip, bul blokta Qaraqalpagstan,
Koklem, Terenqudiq, Qubla Terenqudiq, Arqa Jalgizsuw,
Jalgizsuw, Razlomin, Orayliq Xaroy, Shigis Xaroy, Batis
Xaroy, Bayterek, Jaylaw gaz kanleri jaylasqan.

Quwanish blogmin gaz resurslarmin uliwma zapasi 50
mlrd. metr kubtan artiq bolip, bul blokta Quwanish, Batis
Quwanish, Kassarma, Saritegis gaz kanleri jaylasgan.

Aqiyin bloginin gaz resurslarinin uliwma zapast 100
mlrd. metr kubtan artiq bolip, bul blokta Téjenqazgan, Batis
Tajenqazgan, Arda Tajenqazgan, Tilewqudiq, Arga

Tilewqudiq, Shomanay, Koélbay, Umaybay, Batis
Umaybay, Aqiyin, Shigis Aytuz, Bakush, Arga Tuley,
Jiyes, Kurluk, Ayjankés, Qubla Ayjankos, Itgibay gaz
kanleri jaylasqan.

Nasambek bloginin gaz resurslarmin uliwma zapasi 50
mlrd. metr kubtan artiq bolip, bul blokta Qayqurgan,
Qirgiay, Nasambek, Atorbay, Shigis Atorbay gaz kanleri
jaylasgan.

Keyingi 10 jilliq geologiyaliq izertlew dawaminda
kolemi 250 mlrd. kubmetrdi quraytugin 9 gaz kani ashildu.

Qubla Urge blogima gaz resurslarni uliwma zapasi
100 mlrd. metr kubtan artiq bolip, bul blokta Urge, Dali,
Ajibay, Qaraqudiq gaz kanleri jaylasqan.

Agsholaq blogimin gaz resurslariin uliwma zapasi 100
mlrd. metr kubtan artiq bolip, bul blokta Qosqayir, Orayliq
Qosqgayir, Alambek, Arqa Alambek, Batis Alambek, Qubla
chink, Batis Barsakelmes, Agqsholaq, Koksholaq,
Qarasholaq gaz kanleri jaylasgan.

Shaqgpaqt1 bloginin gaz resurslariin uliwma zapasi 50
mlrd. metr kubtan artiq bolip, bul blokta Shaqpaqti,
Kokbaqti, Otinshi, Tasoyiq, Qubla Tasoyiq, Ergazi, Jel,
Shaxti, Chuymaq, Assekeawdan, Shigis Assekeawdan,
Qubla Assekeawdan, Qumoy, Qumoy-2, Jantir, Nikolaevsk,
Qaraawdan, Tamarli, Qubla Tamarli gaz kanleri jaylasqan.

Ozbekstandagi en investiciyali blok esaplanatugin
Sudoche bloginin gaz resurslarinin uliwma zapasi 250 mlrd.
kub metrden joqar1 bolip, bul aymaqta en tulken gaz kéanleri
jaylasgan. Olar Shege, Shagirliq, Berdaq, Arqa Berdaq,
Shigis Berdaq, Surgil, Ushsay bolip, bul gaz kénleri
bazasinda Ozbekstandag en tilken kérxanalardan biri Ustirt
gaz-ximiya kompleksi 6z jumisin basladi.

Juwmag. Aral tenizinin qurgagan akvatoriyasinan neft
ham tabiyiy gaz kanleri tawilmagqta. Ozbekstannin neft ham
gaz kanlerin izlep tabiw ushin sholkemlestirilgen “Aral Sea
Operating Company” transmilliy kompaniyasi quramina
kiriwshi Ozbekstanmin “Uzbekneftegaz”, Qitaydin “CNCP
International”, Koreya Respublikasinin “KNOC” ham
Rossiyanin ~ “Lukoil” kompaniyalariin  geologiyaliq
izertlew magliwmatlarma qaraganda Ozbekstanmin Aral
akvatoriyasinda 2 mlrd. tonna neft ham 2 trln. kubmetr
tabiyiy gaz zapast barligr boljanbaqta. Bul putkil Orta
Aziyanin 31 % neft, 40% gaz zapasin quraydi. Ustirt
platosinan bolsa 2025-jilda 6,5 mun metr témennen
méamleketimizdegi en tlken gaz kani ham Azerbayjan
mamleketi menen birgeliktegi geologiyaliq barlaw ham
burgilaw jumislari natiyjesinde ulken mugdardagi neft
kanleri tawildu.

Bunday ilajlardin  barligt mamleketimiz tarepinen
xalqumizdin abadan turmis keshiriwi, jumis ormlar1 menen
tamiyinlew arqali turaqli daramathi etiw, socialliq
infrastrukturanin ajiralmas bodlegi bolgan tabiyiy gaz benen
barliq xojaliglardi tdmiyinlew bolip esaplanadi.
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Garezsizligimizdin 35 jilhq saltanati institut aymaginda da
6zine tan bayram keypiyati ham koterinki ruwx penen

kozge taslanbaqta

Ajiniyaz atindagi Nokis mamleketlik pedagogikaliq institutinda da quth
sane munasip kutip alinbaqta. Hazirgi kunde institut aymaginda bayram
ortaligin jaratiw, imarat hadm obyektlerdin sirtqr korinisin jane de

abadanlastirtw ham bezew jumislar1 amelge asirilmagta.
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NMPI professor-oqitiwshilar1 ham doktorantlar: xahqarahq
konferenciyalarda belsene gatnasip kelmekte

] o

Azerbayjan Respublikast Madeniyat ministrligi tarepinen Birinshi
Tuarkologiyaliqg Quriltaydin 100 jilligr manasibeti menen belgili ilim ham
madeniyat gayratkerleri, tarkiy tilli mamleketler menen baylanish tiyisli
sholkemlerdin  basshilari, gatnasiwinda  «Tuarkiy dunya hapteligi»
sholkemlestirildi.

Ajiniyaz atindagi NMPI  professori, filologiya ilimlerinia doktor:
Turganbay Kerwenov haptelik shenberinde Baku qalasinda otkerilgen
«Birinshi  Turkologiyalig Quriltay: juz jillig ilimiy-madeniy miyras»
atamasindagi xaligaraliq kongresske gatnasip gaytt.
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4th International Conference

«
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on Global Education » =

“Transforming Education in the Age of AI”
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Malayziyamih Linkoln universitetinde IV Xaliqaralig «Globalliq
bilimlendiriw» konferenciyas1 sholkemlestirildi. Konferenciyaga Ajiniyaz
atindagi NMPI professor-oqitiwshilar1 — Gulzira Qidirbaeva, Farida Otenova,
sonday-aq, tayanish doktorant Aynura Otewlievalar da 6z ilimiy bayanatlar
menen gatnasti.
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Diqqat, jazihw — 2026!

Hurmetli, jurnal oqiwshilar1! Eger, Siz ilim, talim-tdrbiya ham oqitiwdin jana
zamanagQy usillari, janaliglart menen 6z waqtinda jaqinnan tanispaqshi, 6zinizdin usi
tarawdag1 jetiskenlikleriniz ham oy-pikirleriniz benen ortaglaspaqshi bolsaniz,
«Ilim hdm jadmiyet» jurnalina 2026-j1l ushin jaziliwga mirat etemiz.

Bizin jurnalimizda barliq tarawlar boyinsha ilimiy, ilimiy-metodikaliq maqalalar
jariyalanadi.

«Ilim ham jamiyet» jurnali Ozbekstan Respublikasi Ilimler Akademiyasi janindag:
Jogar1 Attestaciya Komissiyasit kollegiyasinin qarart menen tomende korsetilgen
panler boyimsha ilim doktor1 darejesin aliw ushin maqalalar jariyalaniwi tiyis bolgan
ilimiy basilimlar dizimine kirgizilgen:

- 01.00.00 — fizika-matematika ilimleri;

- 02.00.00 — ximiya ilimleri;

- 03.00.00 — biologiya ilimleri;

- 05.00.00 — texnika ilimleri;

- 07.00.00 — tariyx ilimleri;

- 10.00.00 — filologiya ilimlerti;

- 11.00.00 — geografiya ilimleri;

- 13.00.00 — pedagogika ilimleri;

- 19.00.00 — psixologiya ilimleri.

Jaziliw bahasi - 420.000 (tért jaz jigirma min) swm.

Redakgiya manzili: Nokis qalag, P.Seyton kdshesi, n/j. «[lim him jamiyeb jurnalinu esap beti:
: BANK: MB BB XKKM Toshkent shahri
Esap beti: 2340 2000 3001 0000 1010
MFO: 00014; INN: 201 122 919

! [ndeks: 230100, Telefon: +998612294086; +995933652520.
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Magalalardut mazmumna him Jurnalga j1l dawaninda jazilgan
durtshi$ina agtorlar juwapker, olardui agtorlardut miynetleri birinshi gezekte
jariyalanadi. Maqgala kolemi 6 beften
kewa bolmazvs, 8 betten aspawn kerek.
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