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import math, random

st

# 1. WSS EOREEE (BEZEREEEL, IEANRE)
def structure_to_threshold(micro_params):
F_max = micro_params["coupling_total_strength"]



A _max = micro_params["struct_coeff"] * F_max
A_min = micro_params["base_static_threshold"]
return F_max, A_max, A_min

# 2. BHAREMEBBE IO AR
def repair_force(df, F_max, A_max):
if df <= 0 or df >= A_max:
return 0.0
return -F_max * math.sin(0.5 * math.pi * df / A_max)

# 3. RGUREDPAIE
def classify_state(df, A_max, A_min, dead_zone):
if abs(df) < dead_zone:
return "NEUTRAL", 1.0, 1, O
phase = "POS" if df > O else "NEG"
margin = (A_max - df) / A_max
if df > A_max:
return phase, margin, 4, 4
if df >= A_max * 0.85:
return phase, margin, 2, 1
if df < A_min:
return phase, margin, 4, 3
return phase, margin, 1, 0

# 4. BRI
def external_disturbance(t):
return 0.08 * t + 0.02 * random.uniform(-1, 1)

# 5. FUAERME
def system_simulation(T_total, dt, micro_params) :
F_max, A_max, A_min = structure_to_threshold(micro_params)

df = 0.0
t =0.0
log = [1

while t <= T_total:
F_ext = external_disturbance(t)
F_rep = repair_force(df, F_max, A_max)
df += (F_ext + F_rep) * dt
phase, margin, level, risk = classify_state(df, A_max, A_min, 0.01)
log.append({"t": t, "df": df, "F_ext": F_ext,
"F_rep": F_rep, "level": level, "risk": risk})
if risk == 4:
print(£" RGIEMABPILAIN | IRFRNZ] t={t:.3£}")
return log, "COLLAPSE"
t += dt
return log, "STABLE"
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