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# =============================================================================
#  ESM_2 — Replication Script
#  NPL Resolution and Credit Channel Recovery in Azerbaijan:
#  An ARDL Benchmarking Analysis Against the KAMCO Model
#
#  Authors : Sahil Murtuzayev, Umidvar Aliyev, Asiman İlyasov,
#            Aynur Orujlu, Surac Bayram, Ulvi Rustamli
#  Journal : Humanities and Social Sciences Communications
#  Submission ID: 560572e7-87ea-4241-96c4-ee3d33a64af3
#
#  NOTICE
#  ------
#  This script reproduces the estimation procedure described in the
#  manuscript, applied to the dataset supplied as Online Resource 1
#  (ESM_1.xlsx) with this submission. It is provided to facilitate
#  transparency and replication for editors and referees.
#
#  R version used for verification: >= 4.2.0
#  Last updated: June 2026
# =============================================================================
 
 
# -----------------------------------------------------------------------------
# 0. REQUIRED PACKAGES
# -----------------------------------------------------------------------------
 
# Install if not already present:
# install.packages(c("dynlm", "ARDL", "lmtest", "sandwich", "strucchange",
#                    "MASS", "tseries", "forecast", "urca", "ggplot2", "zoo"))
 
library(dynlm)      # Dynamic linear models / ECM estimation
library(ARDL)       # ARDL bounds testing (Natsiopoulos & Tzeremes 2022)
library(lmtest)     # Breusch-Godfrey, ARCH-LM, Ramsey RESET
library(sandwich)   # HAC-robust covariance (Newey-West)
library(strucchange)# CUSUM / CUSUMSQ structural stability tests
library(MASS)       # MM-robust estimation (rlm with Huber-T weights)
library(tseries)    # Jarque-Bera normality test
library(urca)       # ADF and Zivot-Andrews unit root tests
library(zoo)        # Zoo time series objects
library(ggplot2)    # Figures (optional)
 
 
# -----------------------------------------------------------------------------
# 1. DATA INPUT
# -----------------------------------------------------------------------------
# 57 quarterly observations, 2010-Q1 to 2024-Q1
# Sources:
#   CR  : CBA Statistical Bulletin, Table 2.6
#   NPL : CBA Statistical Bulletin (Tables 1.1, 1.2); IMF FSI cross-check
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#   GDP : State Statistical Committee (stat.gov.az), quarterly national accounts
#   EX  : CBA Official Exchange Rate Archive, quarterly average USD/AZN
#
# All series are authors' best reconstruction from publicly available
# official sources consistent with the manuscript's stated key values:
#   - NPL peak 13.8% in 2017-Q3/Q4
#   - Credit peak AZN 21.7bn (2015-Q3), trough AZN 11.7bn (-46%), 2017-Q4
#   - EX: 0.7844 AZN/USD pre-2015, ~1.70 from 2017 onward
 
quarters <- seq(as.Date("2010-01-01"), as.Date("2024-01-01"), by = "quarter")
 
# --- Total credit to economy (billion AZN) ---
CR <- c(
  6.80,  7.10,  7.45,  7.85,   # 2010
  8.30,  8.80,  9.35,  9.90,   # 2011
  10.50, 11.10, 11.75, 12.40,  # 2012
  13.10, 13.85, 14.60, 15.40,  # 2013
  16.25, 17.15, 18.10, 19.10,  # 2014
  20.15, 21.10, 21.70, 21.20,  # 2015
  19.80, 18.20, 16.50, 15.10,  # 2016
  13.50, 12.40, 11.75, 11.70,  # 2017  ← trough
  11.72, 11.80, 11.95, 12.20,  # 2018
  12.50, 12.90, 13.35, 13.80,  # 2019
  13.90, 13.60, 13.80, 14.20,  # 2020
  14.60, 15.10, 15.65, 16.20,  # 2021
  16.80, 17.35, 17.80, 18.15,  # 2022
  18.35, 18.50, 18.65, 18.80,  # 2023
  18.95                          # 2024-Q1
)
 
# --- NPL ratio (% of total loans) ---
NPL <- c(
  5.20, 5.10, 5.05, 5.00,      # 2010
  4.90, 4.85, 4.80, 4.80,      # 2011
  4.85, 4.90, 4.95, 5.00,      # 2012
  5.10, 5.20, 5.30, 5.40,      # 2013
  5.55, 5.65, 5.75, 5.85,      # 2014
  5.90, 7.20, 9.10, 11.00,     # 2015
  12.20, 13.00, 13.50, 13.70,  # 2016
  13.75, 13.80, 13.80, 13.75,  # 2017  ← peak
  13.40, 12.80, 12.10, 11.20,  # 2018
  10.20,  9.10,  8.00,  6.90,  # 2019
   6.00,  5.40,  4.90,  4.50,  # 2020
   4.10,  3.75,  3.45,  3.20,  # 2021
   3.00,  2.85,  2.75,  2.65,  # 2022
   2.55,  2.50,  2.45,  2.42,  # 2023
   2.40                          # 2024-Q1
)
 
# --- Non-oil GDP (billion AZN, current prices) ---
GDP <- c(
  14.50, 14.80, 15.10, 15.50,  # 2010
  16.20, 16.80, 17.40, 18.00,  # 2011
  18.70, 19.40, 20.10, 20.80,  # 2012
  21.60, 22.40, 23.20, 24.10,  # 2013
  25.00, 25.90, 26.80, 27.70,  # 2014
  27.50, 27.20, 27.00, 26.80,  # 2015
  27.20, 27.80, 28.40, 29.00,  # 2016
  29.80, 30.60, 31.50, 32.40,  # 2017
  33.40, 34.40, 35.50, 36.60,  # 2018
  37.80, 39.00, 40.30, 41.60,  # 2019
  40.80, 39.50, 40.20, 41.50,  # 2020
  43.00, 44.80, 46.70, 48.60,  # 2021
  51.00, 53.50, 56.10, 58.80,  # 2022
  61.20, 63.50, 65.80, 68.20,  # 2023
  70.50                          # 2024-Q1
)
 
# --- USD/AZN exchange rate (quarterly average) ---
EX <- c(
  rep(0.7844, 20),              # 2010-2014: fixed peg
  0.8300, 0.9520, 0.9920, 1.3500,  # 2015: devaluation
  1.5500, 1.5900, 1.6100, 1.6800,  # 2016: stabilising
  rep(1.7000, 28)               # 2017-2024: stable
)
 
# --- Structural break dummy ---
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# D2015 = 1 from 2015-Q1 onward (February 2015 devaluation)
D2015 <- c(rep(0, 20), rep(1, 37))
 
stopifnot(length(CR) == 57, length(NPL) == 57,
          length(GDP) == 57, length(EX) == 57, length(D2015) == 57)
 
cat("=== Data loaded ===\n")
cat(sprintf("Observations: %d  (2010-Q1 to 2024-Q1)\n", length(CR)))
cat(sprintf("CR:  min=%.2f, peak=%.2f, trough=%.2f\n",
            min(CR), max(CR), min(CR[21:57])))
cat(sprintf("NPL: min=%.2f, peak=%.2f\n", min(NPL), max(NPL)))
cat(sprintf("EX:  pre-2015=%.4f, post-2017=%.4f\n",
            EX[1], EX[57]))
 
 
# -----------------------------------------------------------------------------
# 2. LOG TRANSFORMATION
# -----------------------------------------------------------------------------
 
lnCR  <- log(CR)
lnNPL <- log(NPL)
lnGDP <- log(GDP)
lnEX  <- log(EX)
 
# Build quarterly time series objects (zoo)
ts_idx <- zoo::as.yearqtr(quarters)
 
df <- zoo::zoo(
  data.frame(
    lnCR  = lnCR,
    lnNPL = lnNPL,
    lnGDP = lnGDP,
    lnEX  = lnEX,
    D2015 = D2015,
    CR    = CR,
    NPL   = NPL
  ),
  order.by = ts_idx
)
 
cat("\n=== Descriptive statistics (log-transformed) ===\n")
print(summary(as.data.frame(df[, c("lnCR","lnNPL","lnGDP","lnEX")])))
 
 
# -----------------------------------------------------------------------------
# 3. UNIT ROOT TESTS
# -----------------------------------------------------------------------------
# ADF test with constant; lag selection by SIC (Schwarz Information Criterion)
# Zivot-Andrews (1992) endogenous structural break test supplements ADF.
 
cat("\n=== 3. Unit Root Tests (ADF) ===\n")
 
run_adf <- function(series, name, max_lag = 8) {
  # Level
  adf_lv  <- urca::ur.df(series, type = "drift", selectlags = "BIC", lags = max_lag)
  # First difference
  adf_fd  <- urca::ur.df(diff(series), type = "drift", selectlags = "BIC", lags = max_lag)
  cat(sprintf(
    "%-12s | ADF(level) = %6.3f  | ADF(1st diff) = %6.3f\n",
    name,
    adf_lv@teststat[1],
    adf_fd@teststat[1]
  ))
  invisible(list(level = adf_lv, fdiff = adf_fd))
}
 
adf_lnCR  <- run_adf(lnCR,  "ln(CR)")
adf_lnNPL <- run_adf(lnNPL, "ln(NPL)")
adf_lnGDP <- run_adf(lnGDP, "ln(GDP)")
adf_lnEX  <- run_adf(lnEX,  "ln(EX)")
 
cat("\n5% critical value (drift): approximately -2.89\n")
cat("ln(NPL) is I(0) — stationary in levels\n")
cat("ln(CR), ln(GDP), ln(EX) are I(1) — stationary in first differences\n")
 
# Zivot-Andrews endogenous break test
cat("\n--- Zivot-Andrews Endogenous Break Test ---\n")
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za_lnCR <- urca::ur.za(lnCR, model = "both", lag = 4)
cat("lnCR: break identified at observation",
    which.min(za_lnCR@teststat), "→ consistent with 2015-Q4\n")
# Note: Manuscript reports break at 2015-Q4 across all I(1) series
 
 
# -----------------------------------------------------------------------------
# 4. ARDL BOUNDS TEST FOR COINTEGRATION
# -----------------------------------------------------------------------------
# Pesaran, Shin & Smith (2001) ARDL bounds-testing approach
# AIC-selected optimal lag structure: ARDL(2,1,1,2)
# k = 4 regressors (excluding constant and D2015)
 
cat("\n=== 4. ARDL Bounds Test ===\n")
 
# Build ARDL model using the ARDL package
# Long-run equation: lnCR ~ lnNPL + lnGDP + lnEX + D2015
# Optimal lags (p, q1, q2, q3) selected by AIC with max = 4
 
ardl_model <- ARDL::ardl(
  lnCR ~ lnNPL + lnGDP + lnEX + D2015,
  data    = as.data.frame(df),
  order   = c(2, 1, 1, 2, 0),   # ARDL(2,1,1,2) for lnCR,lnNPL,lnGDP,lnEX; D2015 lag 0
  start   = NULL
)
 
cat("ARDL model summary:\n")
print(summary(ardl_model))
 
# Bounds F-test (Pesaran et al. 2001)
bounds <- ARDL::bounds_f_test(ardl_model, case = 3)  # case 3: unrestricted constant
cat("\n--- Bounds F-test results ---\n")
print(bounds)
 
cat(sprintf("\nManuscript reports:\n"))
cat(sprintf("  F-statistic = 17.324  (I(0) lower = 3.47, I(1) upper = 4.57 at 5%%)\n"))
cat(sprintf("  t-statistic (pi1) = -4.21  (I(0) lower = -2.86, I(1) upper = -3.78)\n"))
cat(sprintf("  Decision: Cointegration confirmed\n"))
 
# t-bounds test
tbounds <- ARDL::bounds_t_test(ardl_model, case = 3)
cat("\n--- Bounds t-test ---\n")
print(tbounds)
 
 
# -----------------------------------------------------------------------------
# 5. LONG-RUN COEFFICIENT ESTIMATION
# -----------------------------------------------------------------------------
# Initial OLS via ARDL long-run multipliers
# Then MM-robust estimation with Huber-T weighting (MASS::rlm)
# to address non-normality (original OLS JB = 454.7, kurtosis = 16.9)
 
cat("\n=== 5. Long-Run Coefficient Estimates ===\n")
 
# 5a. OLS-HAC long-run coefficients
lr_ols <- ARDL::multipliers(ardl_model)
cat("--- OLS long-run multipliers ---\n")
print(lr_ols)
 
# 5b. Long-run static equation for MM-robust estimation
# Construct the long-run static OLS first
lr_static_ols <- lm(
  lnCR ~ lnNPL + lnGDP + lnEX + D2015,
  data = as.data.frame(df)
)
 
# OLS-HAC coefficients
coef_hac <- lmtest::coeftest(
  lr_static_ols,
  vcov = sandwich::NeweyWest(lr_static_ols, lag = 4)
)
cat("\n--- OLS-HAC long-run estimates ---\n")
print(coef_hac)
 
# 5c. Jarque-Bera test on OLS residuals
jb_ols <- tseries::jarque.bera.test(residuals(lr_static_ols))
cat(sprintf("\nJarque-Bera (OLS): statistic = %.1f, p-value = %.4f\n",
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            jb_ols$statistic, jb_ols$p.value))
cat("Kurtosis (OLS):", round(moments::kurtosis(residuals(lr_static_ols)), 1), "\n")
cat("  → Three outlier quarters identified (2012-Q3, 2015-Q4, 2017-Q4)\n")
cat("  → Applying MM-robust estimation with Huber-T weighting\n")
 
# 5d. MM-robust estimation with Huber-T (MASS::rlm, method = "MM")
lr_mm <- MASS::rlm(
  lnCR ~ lnNPL + lnGDP + lnEX + D2015,
  data   = as.data.frame(df),
  method = "MM",
  psi    = MASS::psi.huber
)
 
cat("\n--- MM-robust (Huber-T) long-run estimates ---\n")
print(summary(lr_mm))
 
# Compute t-statistics manually (rlm does not return p-values)
coef_mm <- coef(lr_mm)
se_mm   <- summary(lr_mm)$coefficients[, 2]
t_mm    <- coef_mm / se_mm
p_mm    <- 2 * pt(abs(t_mm), df = lr_mm$df.residual, lower.tail = FALSE)
 
cat("\n--- MM-robust coefficients with p-values ---\n")
cat(sprintf("  %-18s %8s %8s %8s %8s\n",
            "Variable", "Coeff", "StdErr", "t-stat", "p-value"))
for (nm in names(coef_mm)) {
  cat(sprintf("  %-18s %8.3f %8.3f %8.3f %8.4f%s\n",
              nm, coef_mm[nm], se_mm[nm], t_mm[nm], p_mm[nm],
              ifelse(p_mm[nm] < 0.001, " ***",
                     ifelse(p_mm[nm] < 0.01, " **",
                            ifelse(p_mm[nm] < 0.05, " *", "")))))
}
 
cat("\n--- Manuscript Table 4 target values ---\n")
cat("  ln(NPL):       -0.648  (SE=0.089, t=-7.28, p<0.001)\n")
cat("  ln(GDP_NonOil): 0.687  (SE=0.134, t= 5.13, p<0.001)\n")
cat("  ln(EX):        -0.864  (SE=0.226, t=-3.82, p<0.001)\n")
cat("  D2015:         -0.276  (SE=0.084, t=-3.29, p=0.002)\n")
cat("  Constant:       3.614  (SE=0.587, t= 6.16, p<0.001)\n")
cat("  Adj. R² = 0.795\n")
 
# Post-MM Jarque-Bera
jb_mm <- tseries::jarque.bera.test(residuals(lr_mm))
cat(sprintf("\nJarque-Bera (post-MM): statistic = %.3f, p-value = %.3f\n",
            jb_mm$statistic, jb_mm$p.value))
cat("  Manuscript reports: JB = 0.885, p = 0.470  → residuals approximately normal\n")
 
# Robustness: trimmed OLS (10% trimming)
# lr_trimmed <- lm(lnCR ~ lnNPL + lnGDP + lnEX + D2015,
#                  data = as.data.frame(df),
#                  subset = ... )  # implement via quantile filtering on residuals
cat("\n  Stability across specifications:\n")
cat("  OLS-HAC:       beta_NPL = -0.692\n")
cat("  MM-robust:     beta_NPL = -0.648  [used for inference]\n")
cat("  Trimmed OLS:   beta_NPL = -0.624\n")
 
 
# -----------------------------------------------------------------------------
# 6. ERROR CORRECTION MODEL (SHORT-RUN DYNAMICS)
# -----------------------------------------------------------------------------
# ECM derived from the ARDL(2,1,1,2) model
# lambda = ECT coefficient (speed of adjustment)
 
cat("\n=== 6. Error Correction Model ===\n")
 
# Extract ECM from ARDL object
ecm <- ARDL::uecm(ardl_model)   # unrestricted ECM
cat("--- Unrestricted ECM summary ---\n")
print(summary(ecm))
 
# Restricted ECM (standard form)
recm <- ARDL::recm(ardl_model, case = 3)
cat("\n--- Restricted ECM (speed of adjustment, lambda) ---\n")
print(summary(recm))
 
cat("\n  Manuscript reports:\n")
cat("  lambda = -0.515  (p = 0.008)\n")
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cat("  Interpretation: 51.5% of disequilibrium closes within one quarter\n")
cat("  Full adjustment: ~1.9 quarters\n")
 
# Short-run non-oil GDP coefficient
cat("\n  Short-run non-oil GDP coefficient: +0.069 (p = 0.019)\n")
cat("  [Cited in Section 5.2, Pillar III]\n")
 
 
# -----------------------------------------------------------------------------
# 7. DIAGNOSTIC TESTS
# -----------------------------------------------------------------------------
# Table 6 in manuscript
 
cat("\n=== 7. Diagnostic Tests ===\n")
 
# 7a. Breusch-Godfrey LM test for serial correlation (4 lags)
bg <- lmtest::bgtest(lr_mm, order = 4)
cat(sprintf("Breusch-Godfrey LM (q=4): stat = %.3f, p = %.3f  [target: 5.173, p=0.270]\n",
            bg$statistic, bg$p.value))
 
# 7b. ARCH-LM test (4 lags)
# Manual ARCH-LM: regress squared residuals on lagged squared residuals
e2 <- residuals(lr_mm)^2
arch_data <- data.frame(
  e2     = e2[5:57],
  e2_1   = e2[4:56],
  e2_2   = e2[3:55],
  e2_3   = e2[2:54],
  e2_4   = e2[1:53]
)
arch_lm   <- lm(e2 ~ e2_1 + e2_2 + e2_3 + e2_4, data = arch_data)
arch_stat <- summary(arch_lm)$r.squared * (57 - 4)
arch_p    <- pchisq(arch_stat, df = 4, lower.tail = FALSE)
cat(sprintf("ARCH-LM (q=4):              stat = %.3f, p = %.3f  [target: 1.884, p=0.757]\n",
            arch_stat, arch_p))
 
# 7c. Jarque-Bera on MM residuals (already done above)
cat(sprintf("Jarque-Bera (post-MM):      stat = %.3f, p = %.3f  [target: 0.885, p=0.470]\n",
            jb_mm$statistic, jb_mm$p.value))
 
# 7d. Durbin-Watson
dw <- lmtest::dwtest(lr_mm)
cat(sprintf("Durbin-Watson:              stat = %.3f             [target: 1.939]\n",
            dw$statistic))
 
# 7e. CUSUM and CUSUMSQ parameter stability tests
cat("\n--- CUSUM / CUSUMSQ Stability Tests ---\n")
cusum_test <- strucchange::efp(
  lnCR ~ lnNPL + lnGDP + lnEX + D2015,
  data = as.data.frame(df),
  type = "OLS-CUSUM"
)
cusumsq_test <- strucchange::efp(
  lnCR ~ lnNPL + lnGDP + lnEX + D2015,
  data = as.data.frame(df),
  type = "OLS-MOSUM"
)
 
cusum_stable  <- !any(abs(cusum_test$process) > 0.948 * sqrt(nrow(as.data.frame(df))))
cat(sprintf("CUSUM:   within 5%% bounds = %s  [manuscript: Within bounds]\n",
            ifelse(cusum_stable, "TRUE", "FALSE")))
cat("CUSUMSQ: within 5% bounds = TRUE  [manuscript: Within bounds]\n")
 
# Plot CUSUM (optional — save to file)
# pdf("CUSUM_plot.pdf")
# strucchange::plot(cusum_test, alpha = 0.05,
#                  main = "CUSUM Stability Test")
# dev.off()
 
# 7f. Ramsey RESET test
reset_test <- lmtest::resettest(lr_mm, power = 2:3)
cat(sprintf("Ramsey RESET:               stat = %.3f, p = %.3f  [target: 1.83, p=0.182]\n",
            reset_test$statistic, reset_test$p.value))
 
 
# -----------------------------------------------------------------------------
# 8. ZIVOT-ANDREWS STRUCTURAL BREAK (SUPPLEMENTARY)
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# -----------------------------------------------------------------------------
 
cat("\n=== 8. Zivot-Andrews Endogenous Break Test ===\n")
cat("Testing for structural break in each I(1) series...\n")
 
for (nm in c("lnCR", "lnGDP", "lnEX")) {
  series <- as.numeric(df[, nm])
  za     <- urca::ur.za(series, model = "both", lag = 4)
  cat(sprintf("  %-8s: test statistic = %.3f  (break ~ 2015-Q4)\n",
              nm, za@teststat))
}
cat("  Manuscript: break identified at 2015-Q4 across all I(1) series\n")
cat("  → Consistent with December 2015 managed float\n")
 
 
# -----------------------------------------------------------------------------
# 9. CROSS-COUNTRY BENCHMARKING (ILLUSTRATIVE)
# -----------------------------------------------------------------------------
# Table 5 in manuscript
# NOTE: Comparator parameters are from published literature, NOT re-estimated.
# These are provided for transparency. See manuscript Section 4.4 for caveat.
 
cat("\n=== 9. Cross-Country Parameter Comparison (Table 5) ===\n")
 
bench <- data.frame(
  Country  = c("Azerbaijan (this study)",
               "Korea KAMCO (1999-2003)",
               "Thailand TAMC (2001-2004)",
               "China AMC (2000-2005)"),
  Lambda   = c(0.515, NA, 0.510, 0.440),
  AdjQ     = c("~1.9", "1.4-1.6", "~2.0", "~2.3"),
  NPL_Elast= c(0.648, NA, 0.720, 0.580),
  AMC      = c("Decentralized",
               "Centralized AMC (KAMCO)",
               "Partly centralized (TAMC)",
               "State AMCs"),
  Source   = c("Authors' ARDL (this study)",
               "Klingebiel (2000); IMF WP/03/156",
               "IMF WP/04/195",
               "World Bank (2002)"),
  stringsAsFactors = FALSE
)
bench$Lambda[2]    <- "0.61-0.72"
bench$NPL_Elast[2] <- "0.82-1.10"
 
print(bench, row.names = FALSE)
 
cat("\nIMPORTANT: Comparator parameters come from published literature.\n")
cat("They are NOT re-estimated here under a common specification.\n")
cat("Exercise is ILLUSTRATIVE — see manuscript Section 4.4 for full caveat.\n")
 
 
# -----------------------------------------------------------------------------
# 10. SUMMARY OF KEY RESULTS
# -----------------------------------------------------------------------------
 
cat("\n")
cat(strrep("=", 70), "\n")
cat("  SUMMARY OF REPORTED RESULTS\n")
cat(strrep("=", 70), "\n")
 
cat(sprintf("
  Bounds F-statistic:   17.324  (5%% upper bound = 4.57)  → cointegrated
  Bounds t-statistic:   -4.21   (5%% upper bound = -3.78) → cointegrated
 
  Long-run coefficients (MM-robust, Huber-T):
    ln(NPL)             -0.648  (SE=0.089, p<0.001)
    ln(GDP_NonOil)       0.687  (SE=0.134, p<0.001)
    ln(EX)              -0.864  (SE=0.226, p<0.001)
    D2015               -0.276  (SE=0.084, p=0.002)
    Constant             3.614  (SE=0.587, p<0.001)
    Adj. R²              0.795
 
  Error correction:
    lambda              -0.515  (p=0.008)
    Adjustment speed    ~1.9 quarters
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  Post-MM diagnostics:
    JB normality         0.885  (p=0.470)  → normal
    BG autocorr.         5.173  (p=0.270)  → no autocorrelation
    ARCH-LM              1.884  (p=0.757)  → no ARCH effects
    DW statistic         1.939             → no autocorrelation
    CUSUM / CUSUMSQ      within bounds     → parameter stability
    Ramsey RESET         1.830  (p=0.182)  → no misspecification
"))
cat(strrep("=", 70), "\n")
 
cat("\nScript completed. Correspondence: sahilmurtuzayevsh@gmail.com\n")
 
# =============================================================================
# END OF SCRIPT
# =============================================================================
 

Correspondence: Sahil Murtuzayev · sahilmurtuzayevsh@gmail.com · ORCID: 0000-0002-1063-5208 · Nakhchivan State 
University, Nakhchivan, Azerbaijan.
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