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В поисках высокой точности и практической реализации вычислительная оптика ис-
пользует несколько методов моделирования, такие как методы, основанные на уравне-
ниях Максвелла, метод трассировки лучей, методы оптики Фурье и т. д. Каждый из этих 
методов имеет свои преимущества, недостатки и ограничения применимости. В этой 
статье мы описываем отслеживание фотонов методом Монте-Карло как метода модели-
рования в вычислительной оптике. Обоснованность основных допущений в используе-
мом методе моделирования продемонстрирована на примерах. Обсуждаются ограниче-
ния применимости метода.  

Ключевые слова: фотон, метод Монте-Карло, оптические поля, симуляционная модель  

In search of high accuracy and convenient implementation, computational optics uses several 
modeling techniques such as Maxwell’s equations-based methods, ray-tracing method, Fourier 
optics methods and many others. Each with its advantages, disadvantages, and applicability 
caveats. In this paper, we describe Monte Carlo photon tracing as a simulation technique for 
computational optics. The validity of the main assumptions in the simulation method is dem-
onstrated with examples, and limitations of method’s applicability are discussed. 
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I. Introduction 

Advances in the field of applied science ranging 
from microorganisms to astronomical studies occur 
due to, along with many other factors, the availability 
of accurate and user-friendly models. Indeed, today’s 
computing capabilities to understand and solve com-
plex problems have become essential in scientific re-
search and economics, military, and social science 
[1]. It is reasonable to assume that the first step in the 
emergence of new technology, be it a medical         
diagnostic tool or scientific equipment, starts with 
modeling physical processes. For that matter, devel-
oping convenient, cost-effective and accurate model-
ing methods is considered a critical and high-yielding 
study. In the literature, it is accepted that there are 
two families of models: scientific (mathematical) and 

statistical. Scientific models are presumably accurate 
because they are usually derived from fundamental 
equations such as Maxwell and Schrödinger. In prac-
tice, however, scientific models make use of several 
approximations to achieve closed-form formulation 
or solvability [2],resulting in degraded accuracy. Sta-
tistical models rely in part on randomness (statistical 
laws) to determine a “highly probable outcome” at 
the expense of less precision. A famous example of 
using a statistical model is estimating the likelihood 
that the chain reaction required for an atomic bomb 
would work successfully. Problems and issues dis-
cussed in this manuscript relate to the latter. 

Maxwell’s equations (MEs) are the starting point 
in developing any formulation and model in optics 
and photonics [3]. MEs-based methods deserve high 
praise for their mathematical rigor, scientific       
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VI. Conclusions 

We describe the Monte Carlo photon tracing me-
thod in detail. Its validity and usefulness in computa-
tional optics are demonstrated, and applicability ca-
veats and limitations of MCPT are discussed. Cur-
rently, we are conducting studies to modify MCPT 
with additional features to account for interference 
and polarization to widen application areas. 
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Оптик жараёнларнинг симуляцияси: Монте 
Карло фотон трассировка методи 
А.А. Шерниезов, Ш.Д. Пайзиев 
Ион-плазма ва лазер технологиялари институти,Дўрмон йўли 
кўчаси 33, 100125, Тошкент, Ўзбекистон 

Оптикада юқори аниқлик ва амалийликни таьминлашда 
бир неча моделлаштириш усулларидан фойдаланади, 
масалан, Максвелл тенгламаларига асосланган усуллар, 
нурларни кузатиш, Фурье оптикаси усуллари ва 
бошқалар. Ҳар бирининг ўзига хос афзалликлари, 
камчиликлари ва чекловлари мавжуд. Ушбу мақолада 
оптик жараёнларни симуляциялаш учун Монте-Карло 
фотон трассировка методи тавсифи келтирилган. 
Моделлаштириш методидаги асосий ёндашувлар ва 
фаразларнинг асосланганлиги мисоллар билан 
кўрсатилди. Усулнинг қўлланилиш чекловлари 
муҳокама қилинди. 

Калит сўзлар: фотон, Монте-Карло методи, оптик 
майдон, симуляцион модел. 

 


