PROGRAMME PYTHON – Etalonnage
import numpy as np
import matplotlib.pyplot as plt
from scipy.stats import t as loi_t

# ── 1. POINTS D'ÉTALONNAGE ───────────────────────────────────────────────────
c_etalon = np.array([0.0, 0.2, 0.4, 0.6, 0.8, 1.0])     # concentrations (mol/L)
A_etalon = np.array([0.0, 0.21, 0.39, 0.61, 0.80, 1.02]) # absorbances mesurées

u_A        = 0.01    # incertitude-type sur chaque absorbance (répétabilité)
u_c_etalon = 0.005   # incertitude-type sur chaque concentration étalon (préparation)

# ── 2. ABSORBANCE DE L'ÉCHANTILLON INCONNU ───────────────────────────────────
A_inconnue   = 0.53
u_A_inconnue = 0.01

# ── 3. RELATION : régression linéaire A = a*c + b ────────────────────────────
def regression(c, A):
    a, b = np.polyfit(c, A, deg=1)
    return a, b

def c_depuis_A(A, a, b):
    return (A - b) / a

# ── 4. TIRAGE MONTE CARLO ────────────────────────────────────────────────────
N = 10000

a_sim = np.zeros(N)
b_sim = np.zeros(N)
c_sim = np.zeros(N)

for i in range(N):
    A_bruite     = np.random.normal(A_etalon,   u_A,          len(A_etalon))
    c_bruite     = np.random.normal(c_etalon,   u_c_etalon,   len(c_etalon))
    A_inc_bruite = np.random.normal(A_inconnue, u_A_inconnue, 1)[0]
    a_i, b_i     = regression(c_bruite, A_bruite)
    a_sim[i]     = a_i
    b_sim[i]     = b_i
    c_sim[i]     = c_depuis_A(A_inc_bruite, a_i, b_i)

c_moy = np.mean(c_sim)
u_c   = np.std(c_sim, ddof=1)
a_moy = np.mean(a_sim)
b_moy = np.mean(b_sim)

print(f"Droite moyenne : A = {a_moy:.4f} · c + {b_moy:.4f}")
print(f"c_inconnue     = {c_moy:.4f} mol/L")
print(f"u(c)           = {u_c:.4f} mol/L")

# ── 5. COEFFICIENT DE STUDENT ────────────────────────────────────────────────
student = False
p       = 0.95

if student:
    nu = N - 1
    k  = loi_t.ppf((1 + p) / 2, df=nu)
    U  = k * u_c
    print(f"\nCoefficient de Student : t({nu}, {int(p*100)}%) = {k:.4f}")
    print(f"Incertitude élargie    : U = {k:.4f} × {u_c:.4f} = {U:.4f} mol/L")
    print(f"Résultat final : c = ({c_moy:.4f} ± {U:.4f}) mol/L  [niveau de confiance {int(p*100)} %]")

# ── 6. Z-SCORE ───────────────────────────────────────────────────────────────
c_ref = None

if c_ref is not None:
    z = abs(c_moy - c_ref) / u_c
    compatible = "COMPATIBLE" if z < 2 else "INCOMPATIBLE"
    print(f"\nz-score = {z:.2f}  →  {compatible} avec c_ref = {c_ref}")

# ── 7. VISUALISATION ─────────────────────────────────────────────────────────
fig, axes = plt.subplots(1, 2, figsize=(13, 5))

# ── Graphe gauche : droites simulées + enveloppe ─────────────────────────────
ax = axes[0]
c_plot = np.linspace(c_etalon.min() - 0.05, c_etalon.max() + 0.05, 200)

A_toutes = a_sim[:, np.newaxis] * c_plot[np.newaxis, :] + b_sim[:, np.newaxis]

A_bas  = np.percentile(A_toutes, 2.5,  axis=0)
A_haut = np.percentile(A_toutes, 97.5, axis=0)
A_med  = np.percentile(A_toutes, 50,   axis=0)

for i in range(300):
    ax.plot(c_plot, a_sim[i] * c_plot + b_sim[i],
            color="steelblue", alpha=0.03, linewidth=0.8)

ax.fill_between(c_plot, A_bas, A_haut,
                color="steelblue", alpha=0.20, label="Bande 95 %")
ax.plot(c_plot, A_med,  color="steelblue", linewidth=2,   label="Droite médiane")
ax.plot(c_plot, A_bas,  color="steelblue", linewidth=1.2, linestyle="--",
        label="Droites limites (2.5 % / 97.5 %)")
ax.plot(c_plot, A_haut, color="steelblue", linewidth=1.2, linestyle="--")

ax.errorbar(c_etalon, A_etalon,
            xerr=2*u_c_etalon, yerr=2*u_A,
            fmt="o", color="black", capsize=4, linewidth=1.2,
            label=f"Points étalon (±2u)")

ax.axhline(A_inconnue,               color="red", linewidth=1.2, linestyle=":",
           label=f"A inconnu = {A_inconnue}")
ax.axhline(A_inconnue + 2*u_A_inconnue, color="red", linewidth=0.8, linestyle=":")
ax.axhline(A_inconnue - 2*u_A_inconnue, color="red", linewidth=0.8, linestyle=":")
ax.axvline(c_moy, color="orange", linewidth=1.5,
           label=f"c = {c_moy:.4f} mol/L")
ax.axvspan(c_moy - u_c, c_moy + u_c,
           color="orange", alpha=0.15, label=f"± u(c) = {u_c:.4f}")

ax.set_xlabel("Concentration (mol/L)")
ax.set_ylabel("Absorbance")
ax.set_title("Droite d'étalonnage — droites simulées")
ax.legend(fontsize=8)

# ── Graphe droit : histogramme de c_inconnue ─────────────────────────────────
ax2 = axes[1]
ax2.hist(c_sim, bins=100, color="steelblue", edgecolor="white", linewidth=0.3)
ax2.axvline(c_moy,       color="black", linewidth=1.5, label=f"c = {c_moy:.4f}")
ax2.axvline(c_moy + u_c, color="red",   linewidth=1.2, linestyle="--",
            label=f"± u(c) = {u_c:.4f}")
ax2.axvline(c_moy - u_c, color="red",   linewidth=1.2, linestyle="--")
if student:
    ax2.axvline(c_moy + U, color="orange", linewidth=1.2, linestyle=":",
                label=f"± U ({int(p*100)}%) = {U:.4f}")
    ax2.axvline(c_moy - U, color="orange", linewidth=1.2, linestyle=":")
if c_ref is not None:
    ax2.axvline(c_ref, color="green", linewidth=1.5, linestyle="-.",
                label=f"c_ref = {c_ref}  (z = {z:.2f})")
ax2.set_xlabel("Concentration inconnue (mol/L)")
ax2.set_ylabel("Effectifs")
ax2.set_title("Distribution Monte Carlo de c")
ax2.legend(fontsize=8)

plt.tight_layout()
plt.show()
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