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KO‘RSATKICHLARI ASOSIDA MUAMMOLI
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Annotatsiya. Ushbu maqola O‘zbekiston tijorat banklarida muammoli kreditlar ulushini (NPL) moliyaviy ko‘rsatkichlar
va makroigtisodiy omillar asosida ekonometrik modellashtirishga bag‘ishlangan. 2020-2025-yillarga oid oylik panel
ma’lumotlardan foydalanib, fixed effects (FE), random effects (RE) va dynamic panel modellari go‘llanilgan. Bank
ko‘rsatkichlari (aktivlar, kreditlar, kapital, depozitlar) dastlabki hajmi katta bo‘lgani uchun tabiiy logarifm (Ln) orqali
transformatsiya qilingan, bu ma’lumotlar tagsimotini normallashtirish va modellashni yaxshilash uchun kerak edi. Natijalar
shuni ko‘rsatadiki, bank-spesifik omillar (kredit va kapital) NPLga salbiy ta’sir ko‘rsatadi, makroigtisodiy omillar (GDP
o'sishi va valyuta kursi) esa ijobiy yoki salbiy bog‘liq. Dynamic modelda R? = 0.47 bo'lib, lag qo‘shilishi modelni sezilarli
darajada yaxshilaydi. Hausman testi FE modelini tasdiglaydi, VIF giymatlari esa multikollineariya yo‘qligini ko‘rsatadi.
Ushbu tahlil R dasturida amalga oshirilgan bo'lib, bank sektorida kredit riskini boshqarish uchun amaliy tavsiyalar beradi.
Kalit so‘zlar: Non-performing loans (NPL), panel data, fixed effects model, dynamic model, logarifmik transformatsiya,
O'zbekiston banklari.

Abstract. This article is devoted to econometric modeling of the share of non-performing loans (NPL) in commercial banks
of Uzbekistan based on financial indicators and macroeconomic factors. Using monthly panel data for 2020-2025, fixed
effects (FE), random effects (RE) and dynamic panel models were used. Due to the large initial size of bank indicators
(assets, loans, equity, deposits), they were transformed using the natural logarithm (Ln), which was necessary to normalize
the data distribution and improve modeling. The results show that bank-specific factors (loans and equity) have a negative
impact on NPL, while macroeconomic factors (GDP growth and exchange rate) are positively or negatively related. In
the dynamic model, R? = 0.47, and the inclusion of lag significantly improves the model. The Hausman test confirms the
FE model, and the VIF values indicate the absence of multicollinearity. This analysis was conducted in R and provides
practical recommendations for credit risk management in the banking sector.

Key words: Non-performing loans (NPL), panel data, fixed effects model, dynamic model, logarithmic transformation,
banks of Uzbekistan.

AHHOTauus. [JaHHas cTaTbsl NOCBsILLEHA S3KOHOMETPUYECKOMY MOLENMPOBaHUIO JonK HepaboTatowmx kpeagutos (HJT) B
KOMMepYeckmx 6aHkax Y3bekmctaHa Ha OCHOBE (hMHAHCOBLIX MOKa3aTenen n Makpo3KOHOMUYECKMX hakTopoB. cnonb3ys
exemecsiyHble naHenbHble AaHHble 3a 2020-2025 rogbl, ObM NPUMEHEHbI Moaenu ¢ hUKCMpoBaHHbIMU 3ddeKTamm
(P3), cnyyaiiHbiMu adhdektamm (CI) n AMHaAMUYECKNE NaHemNbHble Mogenu. B cBs3u ¢ 6onblUnM HavanbHeEIM pa3mMepom
GaHKOBCKMX NMokKa3atenen (aKTuBbI, KpeanuTbl, COGCTBEHHbIN KanuTan, 4eno3nTbl) OHU Obiny Npeobpa3oBaHbl C MOMOLLLH
HaTypanbHoro norapudma (Ln), 4to GbINO HEOOXOOUMO ANS HOpManu3auuy pacrnpeneneHuss OaHHbIX U yryyleHus
MoZennpoBaHus. Pe3ynsrathbl mokasbiBatoT, YTO cneumduyeckne ans 6aHka daktopbl (KpeauTbl U COOCTBEHHbIV kanuTan)
0KasblBalT oTpuLiaTensHoe BnusiHne Ha HJl, B TO Bpems kak MakpoakoHoMmuyeckme daktopbl (poct BBl 1 0OMeHHbIN
KYpPC) UMEIOT MOMOXUTENMBHYIO UM OTpULaTENbHY0 CBA3b. B guHamuyeckor mogenu R? = 0,47, a BKIOYEHWE naroB
3HAYMTENbHO yny4LlaeT Moaenb. TecT XaycMaHa noareepxaaet mogens ¢ PO, a 3HaveHus VIF ykasbiBatoT Ha OTCyTCTBUE
MynbTUKONNUHeapHocTW. [JaHHbIn aHanu3 Obin NpoBedeH B cpefde R 1 comepXuT npakTudeckMe pekoMeHaauun no
yrpaBIeHNIO KPEAUTHBIM PUCKOM B GAHKOBCKOM CEKTOpE.

KntoueBble crnoa: HepaboTatowme kpeautel (HIJT), naHenbHble gaHHblE, MOAenb C (OUKCMPOBAHHBIMU adbdekTamu,
OnHamuyeckas mMogenb, norapudmMmyeckoe npeobpasoBaHve, 6aHku Y3bekuctaHa.
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KIRISH

Muammoli kreditlar ulushi (Non-Performing Loans — NPL) — bu banklar tomonidan berilgan kreditlarning
gaytarilmay qolgan gismi bo‘lib, bank tizimining moliyaviy holatini ko‘rsatuvchi asosiy ko‘rsatkichdir. Oddiy il
bilan aytganda, agar mijozlar kreditni vaqtida gaytarmasa, bu bank uchun muammo bo'ladi: pul yo‘qotiladi,
rentabellik pasayadi va hatto igtisodiy inqgirozga olib kelishi mumkin. O‘zbekiston bank sektorida NPL ulushi
so‘nggi yillarda o‘zgaruvchan bo‘lib, COVID-19 pandemiyasi, inflyatsiya bosimi va valyuta kursi o‘zgarishlari
ta’sirida oshgan (Markaziy Bank hisobotlari, 2023). Masalan, 2020-yilda pandemiya tufayli NPL yuqori bo‘lgan,
keyin igtisodiy tiklanish bilan pasaygan.

Ushbu magola tijorat banklarining moliyaviy ko‘rsatkichlari (aktivlar, kreditlar, kapital, depozitlar) va
makroiqtisodiy omillar (inflyatsiya, foiz stavkasi, GDP o'sishi, pul massasi, valyuta kursi) asosida NPL
ulushini ekonometrik modellashtirishga qaratilgan. Bank ko‘rsatkichlari dastlabki ma’lumotlarda juda katta
hajmda bo‘lganligi uchun ularni tabiiy logarifm (Ln) orqali transformatsiya qildik — bu ma’lumotlar tagsimotini
normallashtirish, ekstremal giymatlarni yumshatish va modellashni osonlashtirish uchun standart usul (Ghosh,
2015). Tadqiqot savollari: (1) qaysi moliyaviy ko‘rsatkichlar NPLga kuchli ta’sir ko‘rsatadi? (2) dynamic lag
go'shilishi modelni ganchalik yaxshilaydi? (3) fixed effects yoki random effects qaysi biri mos keladi?

MAVZUGA OID ADABIYOTLAR SHARHI

NPLni modellashtirishda panel data usullari keng go‘llaniladi. Masalan, Klein (2013) Markaziy va Shargiy
Yevropa banklarida FE model orqali makroigtisodiy omillarni tahlil gilgan va GDP o'sishining NPLga ijobiy
ta’sirini topgan. Ozili (2019) Afrika banklarida inflyatsiya va foiz stavkalarining salbiy bog‘lanishini ko‘rsatgan.
Ghosh (2015) AQSh banklarida logarifmik transformatsiyani qo‘llab, aktivlar va depozitlarning NPLga salbiy
ta’sirini aniglagan. Dimitrios et al. (2016) Yunoniston banklarida dynamic panel modellardan foydalanib, lag
effekti persistensiyani ko‘rsatgan. Louzis et al. (2012) valyuta kursi o‘zgarishlarining NPLga ta’sirini o‘rganib,
salbiy bog‘lanishni topgan. Ushbu maqola shunga o'xshash yondashuvni O‘zbekiston kontekstida go‘llaydi, R
dasturida amaliy tahlil orgali yaxshilaydi va logarifmik transformatsiyani ta’kidlaydi.

Magola magsadi — panel ma’lumotlar tahlili yordamida muammoli kreditlar (NPL)ga ta’sir giluvchi omillarni
aniglash va ishlab chigilgan modellar samaradorligini baholashdir. Olingan natijalar bank regulyatorlari va
menejerlar uchun amaliy giymatga ega

TADQIQOT METODOLOGIYASI

Ma’lumotlar va o‘zgaruvchilar: Ma’'lumotlar O‘zbekiston Markaziy Banki va iqtisodiy manbalardan olingan
40 ta tijorat banki bo‘yicha 2020-2025-yillarga oid oylik panel ma’lumotlardan iborat (2120 ta dastlabki kuzatuy,
keyin to‘ldiriigan 2880 ta). Bog‘liq o‘zgaruvchi: Npl_ulush (muammoli kreditlar ulushi, 0 dan 0.975 gacha, o‘rtacha
0.072). Mustaqil o‘zgaruvchilar: bank-spesifik (Ln_Aktiv, Ln_Kredit, Ln_Kapital, Ln_Depozit — dastlabki aktivlar
va boshqa ko‘rsatkichlar hajmi katta bo‘lgani uchun natural log orqali transformatsiya gilingan, bu ma’lumotlar
tagsimotini normallashtiradi va modellashni yaxshilaydi) va makroigtisodiy (Inflation_rate o‘rtacha 0.106,
Interest_rate 0.143, GDP_growth_rate 0.058, Money_supply_m2 0.156, Exchange _rates sum_usd o‘rtacha
11514.73).

Dastlabki ma’lumotlarda missing values borligi uchun R dasturida to‘lig balanced panel yaratildi (expand.
grid orqali, unique_banks va all_dates bilan). Makro o‘zgaruvchilar uchun linear interpolatsiya (zoo::na.approx),
bank-spesifik o‘zgaruvchilar uchun vaqt gatori interpolatsiyasi qo‘llanildi. Butun dataset uchun multiple imputation
(mice paketi, m=5, predictive mean matching method) ishlatildi, predictor matrixdan kategorik o‘zgaruvchilar
(Bank_name, Date) olib tashlandi. Bu usullar ma’lumotlar sifatini yaxshilaydi va biasni kamaytiradi (Rubin,
1987).

Ekonometrik model: Tahlil R dasturida pIm paketi orgali amalga oshirildi (pdata.frame orqali panel yaratildi).
Base model: Npl_ulush ~ Ln_Aktiv + Ln_Kredit + Ln_Kapital + Ln_Depozit + Inflation_rate + Interest_rate +
GDP_growth_rate + Money_supply_m2 + Exchange_rates sum_usd (within model — FE, random model —
RE).

Dinamik model: lag_Npl go‘shildi (plm::lag orqali), chunki NPL vaqt bo‘yicha bog'liq (persistensiya).
Modellarni taggoslash: R? bo‘yicha dynamic FE tanlandi (R = 0.47).

Diagnostik testlar: Individual ta’sirlar: pFtest (F = 46.446, p < 2.2e-16). Hausman testi: phtest (chisq
= 168.49, p < 2.2e-16, FE mos). Avtokorrelyatsiya: pdwtest (DW = 2.33, p = 1, yo‘q). Geteroskedastiklik:
coeftest HC1 vcov (robust standard errors). Multikollinearlik: vif (maks. 3.96, muammo yo'‘q, logarifm tufayli
yaxshilangan).

Korrelatsiya matritsasi va deskriptiv statistika stargazer orqali chigarildi.
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TAHLIL VA NATIJALAR

1-jadval deskriptiv statistikani ko‘rsatadi. Npl_ulush o‘rtacha 0.072 bo‘lib, bu bank sektorida muammoli
kreditlarning o‘rtacha darajasini bildiradi — ba’zi banklarda 0 (hech ganday muammo yo'q), ba’zilarida 0.975
(deyarli hamma kredit muammoli). Bu ko‘rsatkich vaqt o'tishi bilan pasaygan (Figure 1 ga qarang). Bank
ko'rsatkichlari logarifmlangani uchun giymatlar 0 dan 34.5 gacha, o‘rtacha Ln_Aktiv 27.758 — bu dastlabki
katta hajmli ma’lumotlarni (masalan, millionlab so‘m) sodda va tagqoslanadigan qiladi. Makroigtisodiy omillar:
Inflation_rate 0.106 (inflyatsiya o‘rtacha 10.6%), GDP_growth_rate 0.058 (o'sish 5.8%), bu O‘zbekiston igtisodiy
holatini aks ettiradi — o'sish bor, lekin inflyatsiya bosimi yuqori.

Ushbu statistika ma’lumotlar tagsimotini ko‘rsatadi: NPL yuqori dispersiyali (SD = 0.168), ya’'ni banklar
o‘rtasida farq katta. Logarifm transformatsiyasi bu farglarni yumshatib, modellashni osonlashtirdi (1-jadval).

1-jadval. O‘zgaruvchilarning deskriptiv statistikasi’

Statistika N Mean St. Dev. Min Max
Npl_ulush 2,880 0.072 0.168 0.000 0.975
Ln_Aktiv 2,880 27.758 5.415 0.000 34.536
Ln_Kredit 2,880 26.820 5.613 0.000 34.514
Ln_Kapital 2,880 26.735 3.838 4.605 34.417
Ln_Depozit 2,880 27.121 5.040 0.000 34.522
Inflation_rate 2,880 0.106 0.015 0.078 0.145
Interest_rate 2,880 0.143 0.008 0.135 0.170
GDP_growth_rate 2,880 0.058 0.022 -0.0003 0.088
Money_supply_m2 2,880 0.156 0.037 0.121 0.341
Exchange_rates_sum_usd 2,880 11,514.730 930.478 10,130.000 12,957.010

2-jadval korrelyatsiya matritsasini ko‘rsatadi. Npl_ulush bilan Ln_Kapital (-0.202) va Ln_Depozit (-0.155)
salbiy bog‘lig — ya’ni kapital va depozitlar ko‘payganda NPL pasayadi, chunki bank kuchlirog bo‘ladi. GDP_
growth_rate (0.103) ijobiy — igtisod o‘sganda kreditlar ko‘payadi, lekin risk ham ortadi. Exchange_rates_
sum_usd (-0.093) salbiy — valyuta gimmatlashsa, importchi qarzdorlar muammoga duch keladi. Inflyatsiya
(0.028) zaif bog'lig. Ushbu korrelatsiyalar modellarda koeffitsiyentlarning yo‘nalishini oldindan ko‘rsatadi.
Multikollinearlik yo‘q, chunki yuqori korrelatsiyalar (Ln_Kredit va Ln_Depozit 0.812) VIF testi bilan tasdiglangan
(maks. 3.96) (2-jadval).

2-jadval. Korrelyatsiya matritsasi?

GDP Money_ | Exchange_

Inflation_ | Interest -
- — |growth_ |supply_ |rates_sum_

Npl_ulush | Ln_Aktiv | Ln_Kredit | Ln_Kapital | Ln_Depozit
rate rate

YOT 39KOHOMHUKA ECONOMY

rate m2 usd
Npl_ulush 1 .0.035 | -0.103 | -0.202 | -0.155 | 0.028 | 0.076 | 0.103 | 0.013 | -0.093
Ln_Aktiv -0.035 1 0207 | 0.101 0246 | 0238 | 0210 |-0208| 0.112 | -0.415
Ln_Kredit 0103 | 0.207 1 0642 | 0812 | -0.027 | -0.112 | 0.044 | 0.020 | 0.207
Ln_Kapital 20202 | 0101 | 0.642 1 0641 | -0.123 | -0.208 | 0.051 | 0.075 | 0.480
Ln_Depozit 20155 | 0.246 | 0.812 | 0.641 1 0.052 | -0.110 | -0.039 | 0.105 | 0.199 C
Inflation_rate 0.028 | 0238 | -0.027 | -0.123 | -0.052 1 0.386 | -0.566 | -0.026 | -0.686 (-
Interest_rate 0.076 | 0210 | -0.112 | -0208 | -0.110 | 0.386 1 0335 | 0231 | -0.368
?a?ep—gm""th— 0103 | -0208 | 0044 | 0051 | -0.039 | -0566 | -0.335 | 1 | 0.019 | 0.489 C
Money_supply_| 913 | 0.112 | 0.020 | 0075 0.105 | -0.026 | 0.231 | 0.019 1 0.089
m2 =
Exchange_ -0.093 | -0.415 | 0.207 | 0480 | 0.199 | -0.686 | -0.368 | 0.489 | 0.089 1 —
rates_sum_usd
1 Muallif ishlanmasi
2 Muallif ishlanmasi e
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3-jadvalda modellarni batafsil ko‘rsatadi. Significant omillar: Ln_Kredit (0.003***, kredit ko‘payganda NPL
pasayadi, chunki bank faolligi ortadi), Ln_Kapital (-0.007***, kapital kuchli bo‘lsa risk pasayadi), Interest_rate
(1.433***, foiz yuqori bo‘lsa NPL ortadi, chunki qarzdorlar to‘lovda muammoga duch keladi), GDP_growth_rate
(1.406***, igtisod o‘sganda NPL ortadi, chunki kreditlar tez ko‘payadi lekin nazorat zaiflashadi), Exchange_
rates_sum_usd (-0.00001*, valyuta gimmatlashsa NPL pasayadi, chunki eksportchi qarzdorlar foyda ko‘radi).

Dynamic FE modeldalag_Npl (0.646***, oldingi oy NPL joriyga 64.6% ta’sir giladi) qo‘shilgani uchun R?=0.47
ga oshgan — bu model yaxshiroq, chunki NPL vaqt bo‘yicha bog‘liq. Ln_Kapital (-0.003**), GDP_growth_rate
(0.603***), Exchange_rates _sum_usd (-0.00001*) hali ham significant. RE modelda shunga o‘xshash, intercept
(0.177**) bor, lekin Hausman testi FE ni afzal ko‘radi.

Robust SE bilan natijalar o‘’zgarmaydi, masalan, GDP_growth_rate (0.603***), bu heteroskedastisite bo‘lsa
ham ishonchli. VIF giymatlari (maks 3.96) multikollineariya yo‘qligini tasdiglaydi — logarifm bu muammoni hal
gilgan (3-jadval).

3-jadval. Ekonometrik modellashtirish natijalari?

{OHOMHWUKA ECONOMY

Variable Pooling (1) Dynamic FE (2) Dynamic RE (3)

lag_Npl 0.646*** 0.732***
Ln_Aktiv -0.001 -0.0003 -0.0003
Ln_Kredit 0.003*** 0.002** 0.002**
Ln_Kapital -0.007*** -0.003** -0.002***
Ln_Depozit -0.003*** -0.002. -0.002***
Inflation_rate 0.495 -0.045 -0.089
Interest_rate 1.239** 0.180 -0.049
GDP_growth_rate 1.291% 0.603*** 0.466***
Money_supply_m2 0.123 0.090 0.098
Exchange_rates_sum_usd -0.00001* -0.00001* -0.00001.

rc.r)‘ Constant 0.106 0.177*
Observations 2,880 2,840 2,840

r o R? 0.069 0.470 0.577
Adjusted R? 0.066 0.461 0.575
F Statistic 23.548** 247 .413** 3,857.952***

IQTISODIYOT

*** p<0.01, ** p<0.05, * p<0.1, . p<0.1

pFtest natijalari: F=46.446 (p<2.2e-16) — bu shuni bildiradiki, individual ta’sir mavjud, ya'ni banklar o‘rtasida
sezilarli farqg bor. Hausman testi: chisq=168.49 (p<2.2e-16) — FE (Fixed Effects) model yaxshiroq, chunki
RE (Random Effects) model inkonsistent hisoblanadi. Durbin-Watson testi: DW=2.33 (p=1) — qoldiglarda
autokorrelatsiya mavjud emas, ya’'ni ular mustaqil. Robust SE tahlili shuni ko‘rsatadiki, Exchange_rates_
sum_usd (-0.00001*) va GDP_growth_rate (0.603***) hali ham statistik jihatdan sezgir. VIF giymatlari: Ln_
Depozit 3.42, Exchange_rates sum_usd 3.96 — multikollineariya mavjud emas, logarifmik transformatsiya bu
muammoning oldini olgan.

1-rasm NPL ulushining vaqt bo‘yicha banklar kesimidagi o‘zgarishini ko‘rsatadi (ggplot2 yordamida
yaratilgan). 2020 yilda NPL yuqori bo‘lgan (ba’zi banklarda 1 ga yaqin, pandemiya ta’siri tufayli), 2022-2024
yillarda pasaygan (igtisodiy tiklanish bilan bog'liq), 2026 ga yaginlashganda esa stabil holatga kelgan. Grafik
banklar o'rtasidagi farglarni ham yaqqol ko‘rsatadi — masalan, ba’zi banklar (Hi-Tech) yuqori NPLga ega bo‘lgan,
boshqalari esa past darajada (1-rasm).

3 Muallif ishlanmasi
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NPL ulushi vaqt bo'yicha banklar kesimida - ajoqabank —  O'zmiliybank
1.00 ——  Anor bank —— O‘zsanoatqurilishbank
—— Apeks bank —— Oktobank
—— Asaka bank —— Open bank
0.75 —— Asia Alliance bank —— Orient Finance bank
—— AVO bank —— Poytaxt bank
—— Biznesni rivojlantirish banki —— Qishloq qurilish bank
é —— Davr bank —— Tenge bank
3 0.50 —— Eron Soderot bank —— Tibisi bank
% —— Garant bank —— Trastbank
—— Hamkorbank —— Turkiston bank
0.25 —— Hayot bank —— Turon bank
— Hi-Tech bank —— Universal bank
— Invest Finance bank —— Uzum bank
— Ipak yo'li bank —— Xalqg banki
0.00 — Ipoteka-bank ——  Yangi bank
2020 2022 2024 2026 — Kapital bank —— Yevroosiyo banki
Date —— KDB bank O'zbekiston —— Ziraat Bank Uzbekistan

1-rasm. NPL ulushi vaqt bo‘yicha banklar kesimida*

XULOSA VA TAKLIFLAR

Natijalar shuni ko‘rsatadiki, bankning kapitali va berilayotgan kreditlar muammoli kreditlar (NPL) ulushini
kamaytiradi (Ln_Kapital —-0.003**, Ln_Kredit —0.002**). Bu shuni anglatadiki, kuchli kapital bankni moliyaviy
xavflardan himoya qiladi, kreditlar hajmining oshishi esa bank faoliyatini kengaytiradi va daromadliligini oshiradi
(Ghosh, 2015; Dimitrios et al., 2016 bilan mos). Shu bilan birga, yalpi ichki mahsulot (GDP) o'sishi (0.603***)
NPL ulushini oshiradi — igtisodiy faollik kuchayganda kreditlar tez ko‘payadi, lekin nazorat mexanizmlari
yetarlicha kuchli bo‘lmasa, muammoli kreditlar ortadi (Klein, 2013; Ozili, 2019). Valyuta kursining o‘zgarishi
(—0.00001*) salbiy ta’sir ko‘rsatadi — valyuta gimmatlashganda import giluvchi qarzdorlar to‘lovni amalga
oshirishda giyinchiliklarga duch keladi, bu Louzis va boshqalar (2012) natijalari bilan mos keladi.

Dynamic lag koeffitsiyenti (0.646***) NPLning uzluksizligini va oldingi davrlar ta’sirini ko‘rsatadi — oldingi
oydagi muammoli kreditlar joriy oyga sezilarli darajada ta’sir giladi, bu esa modelning aniqligini sezilarli darajada
oshiradi (R? 0.075 dan 0.47 ga ko'tarilgan). Logarifmik transformatsiya ma’lumotlar tagsimotini normallashtirib,
koeffitsiyentlarning ishonchliligini va barqarorligini yaxshiladi. RE (Random Effects) modelda intercept mavjud
bo‘lsa-da, Hausman testi FE (Fixed Effects) modelini afzal ko‘rishni tavsiya giladi.

Amaliy ahamiyati: Banklar o'z kapitalini kuchaytirishi va kredit riskini samarali boshqarishi lozim
(masalan, gat’iy nazorat va risklarni diversifikatsiya qilish orqgali). Shu bilan birga, O‘zbekiston Markaziy Banki
makroigtisodiy ko‘rsatkichlar — GDP o'sishi va valyuta kursining o‘zgarishini doimiy monitoring qilib, bank
tizimining barqarorligini ta’minlashi zarur.
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