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ДОДАТОК А 

Лістинг програми моделювання циклічного технологічного процесу 

виробництва друкованих плат 

 

 

import random 

import simpy 

 

class Equipment: 

    def __init__(self, env, name, process_time, delta_time): 

        self.env = env 

        self.name = name 

        self.process_time = process_time 

        self.delta_time = delta_time 

        self.queue = 0 

        self.total_process_time = 0 

        self.jobs_processed = 0 

        self.max_queue = 0 

        self.resource = simpy.Resource(env, capacity=1) 

 

    def process(self, pcb): 

        start = self.env.now 

        processing_time = random.uniform(self.process_time - self.delta_time, 

self.process_time + self.delta_time) 

        yield self.env.timeout(processing_time) 

        self.total_process_time += self.env.now - start 

        self.jobs_processed += 1 

        if self.queue > self.max_queue: 

            self.max_queue = self.queue 
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        self.queue -= 1 

 

def pcb_process(env, pcbs, equipments): 

    for pcb in range(pcbs): 

        for equipment in equipments: 

            with equipment.resource.request() as request: 

                equipment.queue += 1 

                yield request 

                yield env.process(equipment.process(pcb)) 

 

def run_simulation(pcbs, total_time, equipment_params): 

    env = simpy.Environment() 

    equipments = [Equipment(env, name, time, delta) for name, time, delta in 

equipment_params] 

    env.process(pcb_process(env, pcbs, equipments)) 

    env.run(until=total_time) 

 

    print("Simulation results:") 

    for equipment in equipments: 

        avg_process_time = equipment.total_process_time / 

equipment.jobs_processed if equipment.jobs_processed > 0 else 0 

        print(f'{equipment.name}:') 

        print(f'  Total processed jobs: {equipment.jobs_processed}') 

        print(f'  Max queue length: {equipment.max_queue}') 

        print(f'  Avg process time: {avg_process_time:.2f}') 

 

# Введення даних 

pcb_count = int(input("Enter the number of PCBs: ")) 

simulation_time = int(input("Enter the total simulation time: ")) 
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equipment_data = [ 

    ("Schmoll Maschinen MODUL 200", 10, 2), 

    ("FlexLink Modular Conveyor System", 5, 1), 

    ("Orbotech Nuvogo 1000 DI", 8, 1), 

    ("Koh Young Zenith Alpha AOI", 7, 1), 

    ("Hitachi DR300 PCB Drilling Machine", 12, 2), 

    ("Atotech Uniplate InPulse 2", 10, 2), 

    ("MEC Solder Mask Coating Line", 9, 1), 

    ("Yamaha YSM20R Pick and Place Machine", 15, 3), 

    ("Rehm V8 Reflow Soldering System", 11, 2), 

    ("Takaya APT-1400F Flying Probe Tester", 13, 2) 

] 

 

run_simulation(pcb_count, simulation_time, equipment_data) 
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ДОДАТОК Б 

Апробація результатів наукових досліджень 
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ДОДАТОК В 

Демонстраційний матеріал 
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