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Глобальні трансформації та структурні 

пріоритети розвитку економіки 

агросфери України 

 
Павлик Володимир Петрович1 

 

 
1кандидат технічних наук, старший науковий співробітник, старший науковий співробітник 

відділу моделювання та прогнозування економічного розвитку; 

ДУ «Інститут економіки та прогнозування НАН України»; Україна 

 

 

 

 

Анотація. Викладено методологічні положення щодо глобальних трансформацій 

економіки агросфери, встановлення її структурних пріоритетів. Розвинуто теорію 

системного управління. Удосконалено синтез макроекономічних показників розвитку 

агросфери України на основі розробленої інформатизаційної матриці. 

Ключові слова: макроекономіка, управління, агросфера. 

 

 

 

Вступ. Нові методологічні положення в глобалізації 

економіки агросфери зв'язані із використанням єдиних для усіх 

країн світу принципів обгрунтування кінцевих результатів 

виробництва й реалізації її продукції. Підгрунтям у ньому є 

інноваційні методи у прийнятті управлінських рішень на основі 

удосконалення планування, контролю, організації та 

регулювання господарської діяльності в агросфері. Досягти 

ефективності в ній можливо при певній відповідності структури 

управління і його мети. Оскільки, саме структура викликає у 

науковців складність передбачати взаємозв'язок між 

макроекономічними показниками розвитку агросфери, то це дало 

підставу зосередити на цьому їх увагу. Основними структурними 

елементами системи управління вважаємо виробництво аграрної 

продукції, її ринок, інформацію про нього і саму агросферу яу 

об'єкт дослідження. Глобальні трансформації в управлінні 

агросферою будуть відбуватися на основі удосконалення 

планування, контролю, організації та регулювання виробництва, 

ринку, інформації, агросфери виходячи із встановлення до них 

вимог та визначення відповідних критеріїв ефективності. З 

точки зору того, що будь-яка система управління повинна мати 

умову рівноваги - здатності повертатися після дії на неї 

відповідних чинників у певний стан, то в даному випадку 
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доцільним в системі управління агросферою є забезпечення її 

економічної рівноваги, тобто при такій умові, яка дасть змогу 

здійснити розв'язання цієї системи. Зазначимо, що коли 

система немає розв'язання - економічна її рівновага відсутня. 

При цьому існує інший стан макроекономічного розвитку 

агросфери, якому відповідають дисбаланси, диспропорції, 

причиною яких є невизначеність, випадковість та 

необгрунтованість управлінських рішень у визначенні чинників, 

які приймаються для дії в зазначеній системі. По суті існує 

відсутність взаємодії відповідних чинників та цілеспрямована 

їх дія у досягненні кінцевого результату господарювання 

агросфери. З огляду на це, маємо дві задачі: перша - 

забезпечення вимог економічної рівноваги, задача балансу 

системи управління агросферою, та друга - формування 

критеріїв ефективності, задача розподілу ресурсів системи 

управління агросферою. Розв'язання другої задачі в цілому 

обумовлюватиметься постановкою першої задачі, оскільки друга 

задача залежить від першою. Таким чином, пропонуються нові 

методологічні положення, які грунтуються на цілосному баченні 

процесів виробництва й реалізації продукції агросфери, 

взаємозв'язку макроекономічних показників, чинників, які їх 

характеризують та досягнення ефективного кінцевого результату 

її господарювання від передбачення цілеспрямованої їх дії в 

системі управління агросферою. 

Аналіз джерел та напрям розв'язання проблеми. 

Зосередження науковцями на якомусь одному структурному 

елементі системи управління агросферою не дає змогу 

встановити сукупність взаємодіючих та взаємозалежних 

макроекономічних показників її розвитку. Як правило ними 

виділяються виробництво і окремо ринок, і не згадується об'єкт 

дослідження - агросфера, для якої характерно взаємодія 

виробництва продукції із її ринком. Про роль інформації як 

зворотного зв'язку між аросферою і її виробництвом у 

публікаціях науковців не вказується. Це дає підставу 

стверджувати, що менеджмент - управління і маркетинг - ринок, 

а разом маркетинговий менеджмент - ринкове управління, 

реклама як інформаційне просування продукції на ринку зовсім 

не відповідають основним принципам побудови системи 

управління об'єкта, що досліджується, оскільки її структурні 

елементи не взаємодіють один з одним, не передбачається аналіз 

їх динаміки, математичне відображення відповідних 

закономірностей, тенденцій розвитку. Тому управлінські 

рішення на основі існуючих методологічних положень будуть 

неефективними. Головним, на що не звертається увага науковців 
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є виділення об'єкта дослідження як цілісного елемента системи 

управління ним, розгляд складових процесів, які у ньому 

відбуваються виробництво й реалізація продукції, їх зв'язок 

за допомогою відповідної інформації. Враховуючи вище 

викладене, обгрунтуємо напрям розв'язання проблеми - 

ефективність системи управління агросферою в контексті 

глобальних трансформацій її економіки та відповідних 

структурних пріоритетів. Для цього скористаємося основним 

інституційним принципом - результат на виході системи 

управління об'єкта, що досліджується, завжди обумовлюється її 

входом, тому змінюючи вхід будемо одержувати характерний для 

нього вихід, а оскільки важливим є вихід, то задаючи його 

будемо формувати вхід. Безумовно, що вхід і вихід - 

макроекономічні показники, які характеризують структурні 

елементи системи управління об'єкта, що досліджуються будуть 

відрізнятися своєю формалізацією - співвідношенням, але це 

вказуватиме лише на їх роль та значення у побудові зазначеної 

системи управління. Таким чином, на що привернемо увагу 

науковців, це порядок побудови системи управління агросферою, 

послідовність, з якою прийматимуться управлінські рішення та 

те, що буде визначати їх ефективність. Оскільки, розв'язання 

будь-якої системи, зокрема системи управління агросферою 

передбачає використання матриць, то в її основу повинна 

становити інформаційна матриця - зведена у вигляді таблиці, 

в якій відображаються лінійні рівняння, що вказують на 

залежність між вихідними й вхідними макроекономічними 

показниками елементів системи управління агросферою. 

Послідовність управлінських рішень визначатиметься виходячи 

із задіяних земельних, трудових, фінансових ресурсів у 

виробництво продукції агросфери, а їх ефективність - на 

скільки ці ресурси відповідають витратам при певному рівню 

попиту й пропозиції продукції агросфери, на основі виявлення 

перевитрат. 

Дискусії. У природі процеси пов'язані із життєдіяльністтю 

людини, відбуваються хаотично, мають випадковий характер, 

привести їх у певний порядок на користь людині, може тільки 

сама людина, власним розумом, спрямовуючи їх у належне, бажане 

русло, напрям. Часом, недостатні тлумачення в термінології з 

теорії системного управління та практичному її використанні 

створюють дискусії у науковців щодо таких термінів: закриті 

- ізольовані, відкриті системи, невидима рука ринку - процес 

саморегуляції, регуляція і протилежна їй дерегуляція, 

централізація та децентралізація, відповідно управління 

зверху у низ або знизу вгору, викликають теоретичну 



 
 
 

 

REGIONAL ECONOMY 
 

8 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

незрозумілість, оскільки вказують на протилежність тої чи 

іншої дії людини, органів державної влади в управлінні 

об'єктом, що досліджується. Справа у тому, що закони 

управління будь-якого об'єкта визначають стан до дії людини, 

органів державної влади на нього та після, цей стан може бути 

наслідком хаотичної або цілеспрямованої дії. Вважаємо, що 

зазначені терміни є неточними, а отже, не відображатимуть 

суть управління, побудовану на його основі систему 

макроекономічного регулювання показників розвитку агросфери 

в різних країнах світу. Суть управління полягає у тому, щоб 

поступово від планування, контролю, організації 

господарювання перейти до його регулювання, у цьому 

проявляється єдиний науковий, методологічний підхід для 

усіх країн світу, який визначатиме ефективність 

функціонування агросфери у них. Враховуючи вищевикладене 

доцільно в теорії системного управління замість термінів 

закриті - ізольовані, відкриті системи використовувати 

замкнуті та розімкнуті системи регулювання відповідних 

макроекономічних показників об'єкта, що досліджується. З 

точки зору цього регулювання - розімкнутих систем у природі 

не існує, оскільки в дослідженні різноманітних процесів має 

бути як правило зворотний зв'язок. Замість термінів 

саморегуляції, регуляція і протилежна їй дерегуляція, 

централізація та децентралізація, доцільно використовувати 

пряме і зворотне управління. Оскільки управління як правило 

здійснюється у зворотньому напрямі, від кінцевого 

результату господарювання, то переважно буде здійснюватися 

зворотнє управління. Таким чином, викладено теоретичні 

положення, які мають практичне спрямування, більш точніше 

розкривають суть системного управління, а токож вказують на 

їх вирішальне значення у формалізації системи управління 

агросферою в контексті глобальних трансформацій її 

економіки та встановленні структурних пріоритетів у ній. 

Методи. На відміну від аналізу відокремлених об'єктів 

дослідження в інформаційній теорії, в теорії системного 

управління використовується їх синтез - взаємозв'язок. В обох 

теоріях важливе значення має інформація про ці об'єкти. Однак, 

якщо в аналізі їх використовуються якісні методи, то в синтезі 

- кількісні методи. Безумовно, якісні методи також як і 

кількісні можуть бути на основі математичних формул, проте 

між ними завжди буде різниця, яка вказуватиме на відсутність 

або наявність взаємозв'язку макроекономічних показників 

об'єктів, що досліджуються. Частини одого цілого можна 

досліджувати відокремлено, разом з тим, щоб зрозуміти їх роль 
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і значення у цьому цілому необхідно досліджувати 

взаємозв'язок цих частин тобто синтез. Там де є частини одного 

цілого, прийнято зазначати про наявність певної системи 

управління цими частинами, об'єктами дослідження. Отже, 

різниця у математичних формулах буде такою: при аналізі 

притаманним є відокремлені рівняння одної чи декількох 

змінних, а при синтезі - спостерігатиметься система 

взаємозв'язаних рівнянь переважно декількох змінних. Це 

вказує на те, що багатовимірні дослідження об'єктів, частин 

одного цілого - доцільно проводити на основі теорії системного 

управління, в якій передбачається використання системи 

взаємозв'язаних рівнянь. Слід зазначити, що приведення 

складових частин у цих рівняннях до спільного знаменника дає 

змогу по-новому оцінювати динаміку різноманітних процесів, у 

даному випадку процеси виробництва продукції агросфери, її 

реалізації на ринку, інформації про нього, самої агросфери. 

При цьому важливим є виділення часткового результату в цілому, 

це дасть змогу надавати пріоритети в структурі управління 

агросферою залежно від глобальних трансформацій його 

управлінських функцій: планування, контролю, організації та 

регулювання господарської діяльності в агросфері. Оскільки 

спостерігатиметься у різних країн світу відмінності в 

макроекономічному розвитку їх агросфери, то структурні 

пріоритети у них такі як планування агросфери, контроль 

інформації, організація виробництва та регулювання ринку 

будуть різні. Диферинціація макроекономічних показників 

розвитку агросфери для відповідних країн світу дає змогу 

виділити їх діапазон та на основі середніх значень встановити 

певні стандарти, характерні орієнтири господарювання в 

агросфері України.Таким чином, зазначені методи дослідження 

дають змогу розвинути теорію системного управління на основі 

удосконалення його управлінських функцій, за допомогою яких 

обгрунтовуються глобальні трансформації в управлінні 

економикою агросфери та встановлюються її структурні 

пріоритети. 

Результати. До цього дня вважалося, що баланс складається 

із двох частин, між якими знаходиться знак рівності, який 

вказує на їх рівновагу. Проте, не враховувалося наявність ще 

третьої частини, яка відображає умову рівноваги. Так, на 

прикладі балансу між попитом і пропозицією є третя частина, 

яка враховує нереалізовану продукцію. Отже, замість рівності 

у балансі між попитом і пропозицією матимо різницю пропозиції 

та обсягу нереалізованої продукції, ця різниця визначатиме 

попит. Це методологічне положення суттєво змінює уявлення про 
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динамічні процеси виробництва й реалізації продукції залежно 

від ринку, його учасників – виробників та споживачів. Більше 

всього на практиці виникає дисбаланс із-за наявності 

нереалізованої продукції, яка не враховувалася і 

продовжується не враховуватися, про що свідчить аналіз 

валової внутрішньої продукції країни (ВВП), який вказує на 

виробництво її за рік. Разом з тим, не вся вироблена продукція 

реалізується на ринку, існує її частка, яка не реалізується, 

яку й досі не враховують. Це призводить до перебільшення 

результатів господарювання суб’єктів економіки країни, 

неправильному вимірюванню попиту продукції, що зводить в 

кінцевому рахунку все господарювання до неефективного їх 

функціонування, недостатньо обгрунтованих управлінських 

рішень, оскільки умови економічної рівноваги залишаються 

невизначеними. Більш того, важливим є встановлення умови 

економічної рівноваги для системи управління об’єктами 

господарської діяльності, якими є виробництво продукції, її 

ринок, інформація про нього, та власне сам об’єкт дослідження 

– сектор економіки країни. Слід враховувати при цьому, що 

будь-яка система формується на основі інформаційної матриці, 

в якій відображається система рівнянь з виділенними 

коефіцієнтами, розв’язання яких передбачається в кінцевому 

рахунку. Система рівнянь грунтується на додаванні параметрів 

матриці, навколо яких у вигляді добутку на них розглядаються 

відповідні коефіцієнти. Зазначимо, що параметри матриці 

визначаються виходячи із її структурної побудови. Так, по 

вертикалі розглядаються об’єкти господарювання сектора 

економіки країни, а по горизонталі управлінські функції: 

планування, контроль, організація та регулювання 

господарської діяльності. Якщо параметри об’єктів 

господарювання по вертикалі, характеризуються відношенням 

вихідних до вхідних відповідних макроекономічних показників, 

то параметри функцій відображають тільки вихідні показники – 

критерії оцінювання господарської діяльності зазначених 

об’єктів господарювання сектора економіки країни. Таким 

чином, параметри матриці утворюються на основі добутку 

параметрів об’єктів господарювання та відповідних параметрів 

їх управлінських функцій. В результаті отримується система 

рівнянь, яка дає змогу на основі визначеної умови економічної 

рівноваги встановити баланс в системі управління об’єктом 

господарювання певного сектора економіки країни як по 

вертикалі, так і по горизонталі. Як зазначалося вище, баланс 

на основі попиту і пропозиції продукції не враховує її 

нереалізовану частину, тому вираз:  
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Qв = Qр; Qв – Qр = 0, який дорівнює нулю, не буде йому 

дорівнювати, а визначатиметься нереалізованою частиною 

продукції: Qв – Qр = Y, де Y – нереалізована продукція. 

Виходячи із різниці двох частин – першої, прийнятої за 100 

одиниць й другої – за суму параметрів матриці як по вертикалі, 

так й по горизонталі її структурних компонентів, 

встановлюються умови економічної рівноваги, визначається та 

нереалізована частина в системі управління об’єктом 

господарювання певного сектора економіки країни, що й у 

наведеному вище виразі. Якщо до другої частини – суми 

параметрів матриці додати цю нереалізовану частину, то 

отримаємо 100 одиниць як по вертикалі, так й по горизонталі. 

Таким чином, на основі встановлення умови економічної 

рівноваги в системі управління об’єктом господарювання 

певного сектора економіки країни – визначається баланс всієї 

цієї системи. Процес встановлення економічної рівноваги 

зазначеної системи дає змогу корегувати параметри матриці, 

вихідні й вхідні макроекономічні показники об’єктів 

господарювання сектора економіки країни, досягти їх 

збалансованості внаслідок усунення дисбалансу, що забезпечує 

суттєве значення цього у обгрунтуванні ефективного 

функціонування відповідного сектора економіки країни, 

цілеспрямованих управлінських рішень. 

Структура виробництва продукції агросфери обумовлюється 

її ринком. Пріоритети у виробництві надаються ті продукції, 

яка має доход від реалізації, такий, що забезпечує процес 

відтворення виробництва цієї продукції. Тому у встановленні 

структурних пріоритетів виробництва продукції агросфери 

необхідно мати орієнтир на довгострокову його перспективу, 

яку в багатьому визначатиме управління процесом виробництва 

й реалізації відповідної аграрної продукції. Оскільки 

перевагу в аналізі процесів господарювання на основі певної 

аграрної продукції мають кількісні методи оцінювання зміни 

числових значень характерних для неї макроекономічних 

показників, таких як доходи від її виробництва, реалізації, 

одержаний прибуток від процесу господарювання, повна 

собівартість виробництва й реалізації продукції, оплата праці 

та ціна площі землі в процесі господарювання, то доцільним 

вважаємо приведення зазначених показників у певну систему, що 

дасть змогу встановити між ними взаємозв’язок, за допомогою 

якого приймати ефективні управлінські рішення. Структурна 

побудова такої системи повинна відповідати конкретній меті, 

зокрема, це встановлення структурних пріоритетів у 

виробництві виділеної аграрної продукції залежно від 
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глобальних трансформацій в управлінні процесом виробництва й 

реалізації цієї аграрної продукції. Формалізацію 

вказаної системи управління відображено схематично у вигляді 

таблиці, Павлик В.П. (2026). Організація міжнародного 

виробництва продукції в агросфері. DOI: 

https://doi.org/10.51582/interconf.2026.305 

У основній частині таблиці – заголовку, у її стовпчиках, 

по вертикалі – розглянуто структурні пріоритети, а у строках 

по горизонталі – глобальна трансформація управління у вигляді 

управлінських функцій : планування, контролю, організації та 

регулювання господарської діяльності. У розрізі структурних 

пріоритетів зазначенно виробництво, ринок, інформація, 

агросфера. Для кожного вказаного структурного елемента 

розглянуто відповідний ресурс та виділена продукція для 

кожної розглянутої країни світу. Особливістю таблиці є те що 

у ній параметри – встановлені макроекономічні показники, що 

характеризують земельні, трудові, фінансові ресурси при 

розгляді для виділеної продукції не змішуються в одне ціле, 

а наведено відокремлено один від одного, те ж саме характерно 

і для виділеної продукції. При цьому використовується принцип 

сходинки, в якій пусті місця заповнюються нулями. 

Горизонтальними й вертикальними лініями вказано порядок 

заповнення параметрами інформатизаційної матриці – числовими 

значеннями макроекономічних показників, які в процесі 

розв’язання даної системи управління корегуються, змінюються 

до тих пір, поки не буде отримано результату її розв’язання. 

Отримання балансу між макроекономічними показниками об’єктів 

господарювання агросфери дає змогу передбачати зміни в 

задіяних земельних, трудових, фінансових ресурсах для 

відповідної продукції, що виробляється у тій чи іншій країні 

світу. Саме це створює передумови для встановлення 

структурних пріоритетів у її виробництві, ринку, інформації, 

агросфері залежно від глобальних трансформацій в 

управлінських функціях : планування, контролю, організації та 

регулювання господарської діяльності у вказаних елементах – 

структурних пріоритетах. Надання переваг – пріоритетів у 

елементах структури системи управління агросферою будь-то 

планування виробництва, контроль інформації, організація 

ринку, регулювання агросфери, буде визначатиметься рівнем, 

значно більшою величиною макроекономічних показників, що 

характеризують ту чи іншу аграрну продукцію, порівнюючи її 

між собою. Вище викладене дає змогу провести аналіз стану 

виробництва аграрної продукції не тільки у короткостроковому, 

а й у довгостроковому періоді, визначити основні тенденції, 

https://doi.org/10.51582/interconf.2026.305
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закономірності під час господарювання, встановити перспективи 

у виробництві продукції, її ринку, інформації як важливого 

елемента просування продукції від виробника до споживача та 

агросфери, в основі якої є певна структура виробництва й 

реалізації її продукції. Зазначимо, що важливого значення 

набуватиме моделювання та прогнозування макроекономічного 

розвитку виробництва, ринку, інформації та агросфери виходячи 

із нових можливостей у стандартизації, ідентифікації та 

інтерпретації, в яких розкриватиметься попит та пропозиція 

аграрної продукції, частка її нереалізації на ринку, 

зменшення якої стає запорукою – умовою низьких перевитрат 

земельних, трудових, фінансових ресурсів та головним чинником 

ефективного господарювання, інноваційних управлінських 

рішень. 

Висновки. Прийнявши основні інституційні принципи, закони 

в системному управлінні агросферою, такі як дослідження 

процесів виробництва й реалізації продукції від загального до 

часткового, виділення окремих частин, об'єктів дослідження у 

одному цілому, з якого вони утворюються, визначення 

часткового результату - у загальному результаті дало змогу 

встановити структурні пріоритети в економіці агросфери, 

зокрема це планування агросфери, контроль інформації, 

організація виробництва продукції агросфери та регулювання її 

ринку, це стварює умови для впровадження інновацій в агросферу 

України, забезпечити таким чином ефективне її функціонування. 

Подальший макроекономічний розвиток агросфери України 

визначатиме системне управління нею, зосереджене на процесах 

систематизації, інформатизації, ідентифікації та 

інтерпретації виробництва й реалізації аграрної продукції, 

головним у них будуть вимоги до структури виробництва 

продукції агросфери, відповідність її критеріям ефективності, 

запровадження інновацій у вигляді нових методів щодо 

прийняття управлінських рішень в господарюванні агросфери. 
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До країн Глобального Півдня відносять країни що 

розвиваються з Латинської Америки, Африки та Азії. Для 

вирішення економічних та кліматичних проблем, модернізації 

інфраструктури та забезпечення економічного зростання ці 

країни стикаються з проблемами забезпечення доступу до 

довгострокового фінансування внаслідок політичної 

нестабільності, збільшення зовнішнього боргу, необхідності 

сплачувати все більше відсотків за його обслуговування та 

нестачі внутрішніх ресурсів. Існують декілька шляхів 

залучення довгострокового капіталу у ці країни: використання 

таких джерел фінансування як багатосторонні банки розвитку; 

залучення приватного капіталу для фінансування проектів у 

сфері «зеленої енергетики» при підтримки державного 

фінансування кліматичних проектів; зменшення боргового тягаря 

завдяки реструктуризації або списання боргових зобов’язань в 

обмін на інвестиції у економічний розвиток. 

До багатосторонніх банках розвитку відноситься група 

Світового банку та ряд регіональних банків розвитку створених 

за прикладом Світового банку але які обслуговують країни 

окремих регіонів світу. До них відноситься Європейських банк 

реконструкції та розвитку (ЄБРР), Азійський банк розвитку 

(АБР), Міжамериканській банк розвитку (МФБР), Африканський 

банк розвитку (АФБР) які мають ставки кредитування на рівні 

5,5%-6,3% що є вигідними для країн глобального Півдня у 

порівнянні з вартістю можливого  випуску власних облігацій на 

світовому ринку з вартістю 9% - 12% річних. Але треба відмітити 

що їх програми фінансування не покривають усіх потреб країн 

Глобального Півдня у довгострокових фінансових ресурсах. 

Для полегшення доступу до дешевих кредитів у 2014 році 

були створені Азійський банк інфраструктурних інвестицій 

(АБІІ) та країнами БРІКС Новий банк розвитку (НБР) як 



 
 
 

 

INTERNATIONAL ECONOMICS 

AND INTERNATIONAL RELATIONS 

 

15 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

альтернатива західним фінансовим інституціям, Світовому банку 

та МВФ з відсутністю вимог політичних та макроекономічних 

реформ та кредитуванням у національних валютах що знижує 

валютні ризики.  

Хоча НБР був створений країнами БРИКС, але з приєднанням 

нових членів, зокрема Єгипту, ОАЕ, Алжиру, Бангладеш та 

Узбекистану він перетворюється на глобальний фінансовий 

інститут для всього Глобального Півдня. 

Головною метою створення НБР було фінансування проектів 

сталого розвитку та інфраструктурних проектів  для країн 

Глобального Півдня. Статутний капітал банку складається з 

рівних внесків  країн засновниць, тобто кожна країна внесла 20% 

від початкового капіталу, який складає 50 млрд дол США. З 

приєднанням нових членів, які внесли близько 3,5 млрд дол, 

частка країн засновниць не може становити менш ніж 55% 

статутного капіталу. Кредитний портфель затвердженого 

фінансування станом на 2026 рік складає 42,9 млрд дол для більш 

ніж 139 проектів, до яких відносяться модернізація транспортної 

інфраструктури, розвиток мереж зв’язку, розширення генерації 

відновлюваної енергетики, модернізація водопостачання, обробка 

побутових відходів та інші соціальні проекти. 

До 2022року НБР мав високий кредитний рейтинг АА+, що 

забезпечувало йому доступ до світового ринку капіталу. У 2022р 

після нападу Росії на Україну, введенням проти неї міжнародних 

санкцій та закриттям доступу РФ до світового ринку капіталу, 

завдало удару по репутації НБР, міжнародне агентство Fitch 

Ratings знизило кредитний рейтинг НБР до АА «стабільного», що 

змусило банк повністю припинити фінансування текучих та 

відкриття нових проектів на території РФ з метою збереження 

доступу банку до світового ринку капіталу.  

Наявність РФ серед акціонерів банку призвело до 

здороження випуску доларових облігацій банку, після введення 

санкцій на РФ у 2022року НБР розміщує свої п’ятирічні доларові 

облігації під 5,125%, хоча до цього він розміщував їх під 

1,125%, що у свою чергу призвело до здороження кредитних 

ресурсів для країн позичальників. 

У 2026р Fitch Ratings підвищило рейтинг НБР зі 

«стабільного» до «позитивного» завдяки дотримання банком 

санкцій проти РФ, залучення нових акціонерів та регулярному 

випуску доларових облігацій [1].  

Також у відповідь на санкційний тиск НБР почав випускати 

цінні папери у китайських юанях, південноафриканських рандах 

та індійських рупіях, що дає можливість знизити вплив західних 

фінансових обмежень. 
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Таким чином НБР має велике значення для доступу до 

кредитних ресурсів для інфраструктурного фінансування країн 

Глобального Півдня, але стати повною альтернативою Світовому 

банку та МВФ він не зміг завдяки залежності від доларових 

фінансових ресурсів. 

 

Список джерел: 
[1] https://www.fitchratings.com/research/supranationals-subnationals-

agencies/fitch-revises-new-development-bank-outlook-to-positive-

affirms-rating-at-aa-06-05-2026 
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Abstract. Digitalization and the Industry 4.0 approach have brought about not 

only a technological transformation in production systems but also a radical 

change in the way processes are managed. The aim of this study is to examine the 

effects of process management on production efficiency and flexibility in 

digitalized production systems within the context of advanced manufacturing 

techniques. The study is designed as a qualitative research based on a literature 

review; the concepts of process management, digitalization, efficiency, and 

production flexibility are addressed within a holistic framework. The findings 

show that digital technologies (IIoT, data analytics, process mining, digital 

twin) provide a high amount of data and automation in production processes; 

however, this potential needs to be integrated with process management principles 

to translate into efficiency and flexibility. It is concluded that process 

management plays a critical role in monitoring performance indicators and reducing 

losses in terms of efficiency, and in developing alternative process designs and 

rapid adaptation mechanisms in terms of flexibility. The study reveals that 

digitalization and process management must be considered together to achieve a 

sustainable competitive advantage in advanced manufacturing techniques. 

Keywords: Advanced manufacturing techniques, process management, digitalization, 

production efficiency, production flexibility. 

 

 

 

1. Introduction 

Today, production systems are undergoing a major 

transformation due to the increasing pressures of global 

competition, the shortening of product lifecycles, and the 

constantly changing customer demands. In this transformation, 

companies are expected not only to achieve high production 

capacity but also to successfully manage performance elements 

such as efficiency, flexibility, rapid adaptation, and process 

effectiveness. Within this context, digitalization and the 

Industry 4.0 concept stand out as a significant paradigm shift 
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in reshaping production systems (Şener et al., 2020). 

Industry 4.0 describes the digitalization of production 

processes through cyber-physical systems, the Internet of 

Things (IoT), big data analytics, and intelligent automation 

technologies. This method enables real-time data flow in 

production systems and makes decision-making processes 

faster, more accurate, and more flexible (Buri, 2025). This 

structure of digitalization requires a reassessment of 

production processes not only from a technological 

perspective but also from a managerial and process-oriented 

point of view. 

Process management is a management strategy based on 

defining, measuring, monitoring, and continuously improving 

the input and output relationships of business organizations. 

In production systems, process management plays a crucial 

role in the efficient use of resources, reducing errors within 

the process, and improving performance indicators. In 

digitized production areas, process management replaces 

manual monitoring and control methods with data-based and 

automated process monitoring systems; this makes process 

performance more transparent and measurable (Bilgin Sarı, 

Özveri & Şenyay, 2019). 

The impact of digital transformation on productivity is 

frequently discussed in the literature. Digital technologies 

reduce downtime in production stages, make processes more 

efficient, and significantly prevent resource waste (Adem, 

2020). In particular, smart sensors and big data analytics 

applications enable real-time performance monitoring on the 

production line, helping to achieve more effective process 

management (Buri, 2025). 

On the other hand, it is observed that digitized 

production systems have a significant impact not only on 

efficiency but also on production flexibility. Production 

flexibility is defined as the ability to adapt to product 

variety, respond quickly to demand fluctuations, and 

reorganize production systems. Industry 4.0 technologies 

offer businesses a competitive advantage by increasing this 

flexibility through modular production structures and digital 

process design (Höse et al., 2023; Castiglione, 2024). 

The aim of this research is to comprehensively examine 

the effects of process management on productivity and 

flexibility in digitized production systems within the 

context of advanced manufacturing techniques. In this 

framework, the study evaluates the relationship between 



 
 
 

 

MANAGEMENT 

 
 

19 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

digitalization and process management; considering 

productivity and flexibility, the two main dimensions of 

production performance, it aims to highlight the strategic 

importance of process management. 

2. Advanced Manufacturing Techniques and Digitalized 

Production Systems 

Advanced manufacturing methods represent modern 

production approaches and go beyond traditional methods; they 

are based on the integration of technology, information, and 

processes. These methods include automation, flexible 

manufacturing systems, computer-aided manufacturing, 

robotics, and data-driven decision-making processes. The main 

goal of advanced manufacturing methods is to increase 

efficiency in production processes, improve quality, and 

establish flexible structures that adapt to changing market 

conditions (Şener et al., 2020). 

Advanced manufacturing methods represent modern 

production approaches and go beyond traditional methods; they 

are based on the integration of technology, information, and 

processes. These methods include automation, flexible 

manufacturing systems, computer-aided manufacturing, 

robotics, and data-driven decision-making processes. The main 

goal of advanced manufacturing methods is to increase 

efficiency in production processes, improve quality, and 

establish flexible structures that adapt to changing market 

conditions (Şener et al., 2020). 

Digitized production systems enable data generation at 

every stage of the production process and real-time analysis 

of this data. Thanks to Internet of Things (IoT) based 

sensors, critical indicators such as machine performance, 

production speeds, error rates, and energy consumption can be 

monitored in real time. This allows for early detection of 

deviations in production processes and more effective process 

management (Adem, 2020). 

The integration of advanced production techniques with 

digitalization has paved the way for the emergence of the 

concept of smart factories in production systems. Smart 

factories are defined as production systems that can monitor 

themselves, learn, and make decisions to a certain extent. In 

these systems, production processes are automated to reduce 

human intervention; coordination between processes is ensured 

through digital platforms (Bilgin Sarı, Özveri & Şenyay, 

2019). 

Another significant contribution of digitalization to 
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advanced production techniques is its ability to reconfigure 

production systems. While process changes in traditional 

production systems require high costs and time, in digitized 

production structures, processes can be redesigned based on 

software. This provides businesses with a significant 

advantage in increasing product variety and responding 

quickly to demand fluctuations (Höse et al., 2023). 

The literature emphasizes that the success of digital 

manufacturing systems depends not only on the technologies 

used, but also on the extent to which these technologies are 

integrated with process management principles. Integrating 

digital technologies into production processes randomly or 

haphazardly will not deliver the expected performance 

increase; on the contrary, it may increase the complexity of 

the processes. Therefore, the effectiveness of advanced 

manufacturing techniques requires a process management 

approach where processes are managed end-to-end and 

continuously monitored using performance indicators 

(Castiglione, 2024). 

In this context, digitized production systems increase 

the applicability of advanced manufacturing techniques and 

make process management a central component of these systems. 

Without process management, it seems impossible to transform 

the data and automation opportunities offered by digital 

production systems into sustainable competitive advantages. 

Therefore, advanced manufacturing techniques, digitalization, 

and process management are considered the cornerstones of 

modern production systems. 

3. The Concept of Process Management and its Application 

in Production Systems 

Business Process Management (BPM) is an approach that 

treats business activities not as fragmented structures like 

“department tasks,” but as end-to-end processes that 

transform inputs into outputs. It manages processes through 

a cycle of defining, modeling, executing, monitoring, and 

continuous improvement (Dumas, La Rosa, Mendling & Reijers, 

2018). In a manufacturing environment, the value of BPM 

emerges by making the production flow (material-information-

decision) visible and its performance measurable: indicators 

such as cycle times, workstation load balance, waiting times, 

rework/defects, and energy consumption can more clearly show 

“where losses are occurring” from a process perspective. 

Therefore, when considered together with advanced 

manufacturing techniques (automation, flexible lines, 
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robotics, data collection infrastructures), process 

management manages not only technological capacity but also 

the transformation of the output produced by technology into 

process performance. 

In terms of quality and management systems, the process 

approach forms the basis of ISO 9001:2015 and emphasizes the 

need to plan processes along with their interactions and to 

regularly monitor process performance using the PDCA cycle 

and risk-based thinking (ISO, 2015). This approach becomes 

even more functional in digitized production systems, as 

sensors, MES/ERP, and production automation systems generate 

much more frequent, detailed, and reliable data about 

processes. Thus, process management ceases to be a "process 

defined on paper" and transforms into a dynamic management 

system that can be continuously verified with data and allows 

for rapid action when deviations occur. 

Process mining is one of the fundamental tools that 

strengthens process management in digital manufacturing; it 

allows for the revelation of process flow, identification of 

bottlenecks, and quantitative analysis of deviations through 

event logs generated by information systems. Systematic 

reviews conducted within the context of Industry 4.0 show 

that as the level of real-time data sharing and automation in 

production increases, process mining becomes more critical in 

terms of monitoring, compliance control, and continuous 

improvement activities (Akhramovich, Serral Asensio & Cetina, 

2024). Especially in the dynamic and frequently changing 

nature of smart manufacturing systems, maintaining the 

currency of digital twin and simulation-based decision 

support tools is gaining importance; in this context, studies 

aimed at dynamically creating production models using process 

mining provide a roadmap for implementation by concretizing 

data requirements and model updating approaches (Friederich, 

Lugaresi, Lazarova-Molnar & Matta, 2022). Furthermore, 

current applications demonstrating that process discovery can 

be performed via industrial communication data (e.g., 

IIoT/OPC UA network data) show that data collected from the 

field can be directly recovered as operational insights for 

process management (Hornsteiner et al., 2024).  

BPM literature states that using technology to change the 

way a business operates is better if the business also 

possesses the skills and habits to do so well (Huy, 2025). 

This implies that some research on how IoT and BPM work 

together shows that using sensors and smart products can help 
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people better see what is happening in a process; however, it 

also suggests that it can complicate the process, and this 

complication needs to be addressed through effective process 

management methods (Janiesch et al., 2020). Other studies on 

AI-powered BPM systems show that models that learn from 

process data can aid in process monitoring and decision 

support. However, it is also important to consider 

reliability, constraints, and governance principles. 

4. The Impact of Process Management on Production 

Efficiency 

How well a production system uses its resources to produce 

output depends on how much and how well that output is. - 

Digitalized production systems can do more work faster and 

better. But that's not enough. They need to avoid problems 

that prevent them from working and show how much they lose 

when they do work. They also need to ensure they produce the 

right things the first time and deal with potential losses. 

- Process management makes work faster and better by 

frequently checking and changing tasks. - Process management 

uses numbers and facts to see and solve problems, rather than 

guessing and hoping for better results (ISO, 2014).  

The first critical step in process management that 

contributes to efficiency is monitoring process performance 

using KPIs as a common language. The ISO 22400-2 standard 

frames the definition, formulas, and usage contexts of KPIs 

used for manufacturing operations management, thus helping 

businesses create a consistent and comparable framework for 

“what each indicator measures” (ISO, 2014). However, since 

designing KPIs in a “neutral” way across sectors does not 

always fully meet the needs of the process industry, there 

are also studies discussing the gaps between the specific 

performance needs of the process industry and the ISO 22400 

KPI set (Zhu, Johnsson, Varisco, et al., 2018). At this point, 

process management requires the creation of a measurement 

architecture tailored to the company's manufacturing 

characteristics, rather than blindly applying the KPI set. 

One of the most common indicators for monitoring 

efficiency and analyzing losses is Overall Equipment 

Efficiency (OEE). OEE shows how efficiently equipment uses 

its planned production time by evaluating availability, 

performance, and quality components together (IBM, undated). 

The practical value of OEE lies in revealing losses in the 

process from different perspectives through these three key 

components; for example, availability losses are mostly due 
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to downtime, performance losses are due to speed reductions 

and minor stoppages, and quality losses are due to 

errors/defects and start-up losses (Leroux, undated). This 

"loss reading" logic of OEE facilitates the accurate 

prioritization of improvement in process management 

(OEE.com, n.d.).  

Digitalization significantly enhances the capacity of 

process management to create efficiency because losses can be 

measured more frequently and in greater detail thanks to 

sensors, MES/ERP logs, and IoT-based data collection systems. 

This transforms indicators like OEE from a "monthly report" 

into a management tool that can be monitored in real time and 

enables action. For example, a case study using real-time OEE 

data reported that monitoring supported by Industry 4.0 

technologies (IoT, big data, cloud) reduced unplanned 

downtime in the studied work centers and led to a significant 

increase in average productivity (Novochadlo & Paladini, 

2024). The critical point from a process management 

perspective is not just collecting data, but also linking 

that data to process discipline in terms of which decisions 

it triggers at which thresholds (outage analysis, root cause, 

maintenance/adjustment plan, standard job update, etc.). 

Finally, one of the current trends in increasing 

efficiency is the combined use of lean manufacturing tools 

and process mining. Process mining can more objectively reveal 

bottlenecks and deviations by extracting the actual flow of 

the process from event logs generated in information systems. 

When combined with a lean perspective, this approach has the 

potential to identify waste in the value stream in a “data-

verified” way and detect real-time deviations at an early 

stage (Khakpour, Ebrahimi, and Seyed-Hosseini, 2024). Thus, 

process management shifts efficiency gains from one-off 

projects to a continuous measurement-analysis-improvement 

cycle (continuous improvement). 

5. The Impact of Process Management on Production 

Flexibility 

In today's rapidly digitalizing manufacturing 

environment, "flexibility" is not only the capacity to produce 

different products, but also the ability to adapt the system 

from the design stage to the face of demand uncertainty, 

product variety, and changing constraints. Therefore, 

flexibility is systematically addressed in the literature by 

categorizing it into different types such as capacity, 

product/product mix, routing, volume, and trigger time, and 
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determining which types of flexibility become critical under 

which manufacturing paradigm (Weckenborg et al., 2024). It is 

particularly emphasized that in high-mix, low-volume (HMLV) 

production structures, flexibility has transformed from an 

"operational preference" into a necessary capability for 

competitiveness due to on-demand production, short product 

lifecycles, and frequently changing workflows (Gan et al., 

2023).  

At this point, process management provides a framework 

that transforms flexibility from “scattered improvement 

initiatives” into an end-to-end measurable and manageable 

system capability. The process approach makes it possible to 

monitor both efficiency and adaptability simultaneously by 

defining value streams, process ownership, standard work, and 

data-driven performance indicators (e.g., cycle time, 

delivery reliability, rework rate). When choosing between 

different types of flexibility, decision-making models and 

evaluation approaches should be used to determine which level 

of flexibility is meaningful in terms of “necessary” and 

“available” flexibility (Höse et al., 2023; Weckenborg et 

al., 2024). Thus, process management transforms the abundance 

of data brought about by digitalization not only into 

reporting but also into an operating logic that produces a 

rapid and controlled response to change.  

When Industry 4.0 components (IIoT, cyber-physical 

systems, data analytics, etc.) are integrated with process 

management, flexibility shifts from “reactive adjustment” to 

“proactive adaptation.” In the literature, this relationship 

is explained as technologies sometimes increasing existing 

flexibility, while in other cases, they reduce “necessary 

flexibility” by providing better information and coordination 

(Höse et al., 2023). For example, real-time monitoring and 

predictive analytics make variable demand and capacity 

constraints visible earlier, allowing process owners to 

manage them before bottlenecks occur. This logic is 

particularly important in the reconfigurable manufacturing 

systems (RMS) approach: designing systems according to the 

principles of modularity, scalability, and adaptability 

supports the implementation of process changes at a lower 

cost and in a shorter time (Koren, 2018; Yelles-Chaouche et 

al., 2021).  

Digital twin applications elevate process management to 

the level of “simulation-validated decision-making” because 

process changes (planning rules, resource allocations, 
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checkpoints, etc.) can first be tested in a virtual 

environment and then implemented in the field with lower risk. 

Experimental reports show that digital twin-based control in 

flexible manufacturing systems can provide significant 

improvements in productivity, energy consumption, and quality 

indicators (Ullah & Younas, 2024). Similarly, approaches that 

combine digital twins with artificial intelligence components 

aim to accelerate “dynamic reconfiguration” decisions 

regarding layout, parameters, and operating times at the 

production cell/line level (Mo et al., 2023). In this context, 

process management links insights obtained from digital twins 

to KPIs (e.g., OEE, lead time, transition time), connecting 

flexibility to a measurable, comparable, and sustainable 

improvement cycle. 

6. Literature Review and Discussion 

Literature examining the relationship between advanced 

manufacturing techniques, digitalization, and process 

management shows that these three components, when considered 

together, create significant and sustainable impacts on 

production performance. Studies conducted within the 

framework of Industry 4.0, in particular, emphasize that 

digital technologies (IIoT, big data analytics, cyber-

physical systems) increase the traceability and 

controllability of processes, thereby enhancing the 

effectiveness of process management (Höse et al., 2023). This 

demonstrates that process management has gone beyond being 

merely a management tool and has become a central component 

of digital manufacturing systems. 

When productivity-focused studies are examined, it is 

seen that digitalization initiatives not supported by a 

measurement and continuous improvement cycle fail to deliver 

the expected performance increases. Indicators such as KPIs 

and OEE, defined within the framework of ISO 22400, allow for 

the systematic identification of productivity losses in 

digital production environments; however, these indicators 

often remain tools used only for reporting purposes when they 

are not integrated with process ownership, shared 

responsibility, and a culture of continuous improvement (Zhu 

et al., 2018). In this context, the literature reveals that 

process management, as a governance mechanism that makes sense 

of digital data, interprets it, and transforms it into 

concrete improvement actions, plays a critical role in 

increasing productivity (Novochadlo & Paladini, 2024). 

In terms of production flexibility, research shows that 



 
 
 

 

MANAGEMENT 
 

26 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

digitalization alone does not guarantee flexibility; 

flexibility must be structured from the design phase of 

processes through modularity, alternative routing, and 

decision rules (Weckenborg et al., 2024). Studies focusing on 

high-complexity, low-volume production environments highlight 

that process management reduces flexibility costs and 

shortens response times by ensuring coordination in these 

complex structures (Gan et al., 2023). These findings support 

the view that flexibility is as much about “process design 

and management” as it is about “technological capacity”. 

The current literature addressing process mining, digital 

twins, and AI-powered BPM approaches demonstrates that they 

elevate data-driven decision-making capabilities in process 

management to a higher level. Process mining enables the 

visualization of real process flows, allowing for the 

objective identification of bottlenecks affecting efficiency 

and flexibility (Khakpour et al., 2024). Similarly, digital 

twin-based approaches reduce the risk of flexibility 

decisions by allowing process changes to be tested before 

implementation in the field (Mo et al., 2023; Ullah & Younas, 

2024). 

When these findings are considered together, the key point 

emphasized in the literature is that the impact of 

digitalization on production performance is meaningful only 

insofar as it is integrated with process management. Digital 

technologies increase data without process management; 

however, process management lacks speed and agility without 

digitalization. Therefore, in the context of advanced 

manufacturing techniques, these two dimensions need to be 

addressed simultaneously and in a coordinated manner to 

sustainably increase productivity and flexibility. 

7. Conclusion and Recommendations 

This study comprehensively examines the effects of 

process management on productivity and flexibility in 

digitized production systems within the context of advanced 

manufacturing techniques. When the literature findings are 

considered together, it is seen that the contribution of 

digitalization to production performance becomes meaningful 

and sustainable when supported by a process management 

approach in which processes are systematically defined, 

measured, and continuously improved (Höse et al., 2023; 

Weckenborg et al., 2024). In other words, digital technologies 

alone do not increase productivity and flexibility; their 

integration with process management principles plays a 
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decisive role. 

The findings regarding efficiency show that process 

management stands out, particularly through its measurement 

and visibility functions. Systematically monitoring 

production losses through KPIs defined within the framework 

of OEE and ISO 22400 enables early detection of unplanned 

downtime, speed losses, and quality-related waste in digital 

production environments (ISO, 2014; Novochadlo & Paladini, 

2024). This demonstrates that with digitalization, process 

management has moved beyond being merely a "reporting" tool 

and has become an action-oriented performance management 

tool. 

In terms of production flexibility, process management 

addresses flexibility not only as a temporary capability based 

on operational interventions, but also at the design and 

governance levels. The literature emphasizes that flexibility 

should be considered in different dimensions such as product 

mix, volume, and orientation, and that these dimensions are 

directly related to process design (Gan et al., 2023; 

Weckenborg et al., 2024). While digitalization enables faster 

evaluation of alternative process scenarios, process 

management transforms flexibility into a controlled and 

sustainable capability by defining under what conditions and 

how these scenarios will be implemented (Höse et al., 2023). 

Additionally, contemporary approaches such as process 

mining and digital twins take the data-driven decision-making 

capabilities of process management to a higher level. Process 

mining enables objective analysis of real process flows, 

facilitating a more accurate detection of bottlenecks 

affecting efficiency and flexibility (Khakpour et al., 2024). 

On the other hand, digital twin-based applications reduce 

decision risk, especially in flexible production systems, by 

enabling process changes to be tested before implementation 

in the field (Mo et al., 2023; Ullah & Younas, 2024). These 

tools turn process management into a strategic decision 

support mechanism in digitalized production systems. 

From a practitioner's perspective, the study's key 

emphasis is that digital transformation projects should not 

be viewed solely as technology investments. It is crucial 

that such projects are considered in conjunction with process 

ownership, performance indicators, and a continuous 

improvement approach. It is recommended that businesses 

transitioning to advanced production techniques first clearly 

define their existing processes, identify critical points of 
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variation within those processes, and develop data-driven 

decision rules for these points (ISO, 2015). This holistic 

approach enables businesses to manage their production 

processes more effectively and adapt to changing conditions 

in a more controlled manner. 

Finally, some suggestions can be made for future studies. 

First, there is a need for application studies that examine 

the relationship between process management, digitalization, 

and performance at the sector and enterprise levels based on 

empirical data. Second, a comparative evaluation of the 

effects of integrated approaches that consider process mining 

and digital twin applications on productivity and flexibility 

will contribute to the literature. Lastly, the inclusion of 

dimensions such as sustainability, energy efficiency, and 

human-machine interaction within the framework of process 

management is important for understanding the future 

directions of studies in the field of advanced manufacturing 

techniques. 
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Аннотация. Управление человеческими ресурсами за последние десятилетия изменило 

не только набор инструментов, но и собственный статус внутри организации. То, что 

еще сравнительно недавно воспринималось как кадровое сопровождение найма, учета 

и перемещений, сегодня все чаще выступает как система, через которую компания 

связывает стратегию, производительность, культуру, квалификации, цифровые решения 

и устойчивость. На этом фоне особенно важным становится различение концепций и 

моделей HRM, потому что именно в них зафиксированы разные ответы на один и тот же 

вопрос: как превратить человеческий труд, знания, мотивацию и способность к 

развитию в управляемый источник организационной ценности. В статье сопоставлены 

классические и современные модели управления человеческими ресурсами, прослежена 

логика их перехода от нормативных схем к аналитическим и цифровым подходам, а 

затем рассмотрены возможности их применения в казахстанской практике. Показано, 

что современное HRM развивается в нескольких направлениях одновременно: 

усиливается стратегическое выравнивание с целями организации, растет роль 

системных пакетов HR-практик, расширяется цифровизация кадровых процессов, 

укрепляется навыковая логика управления трудом и повышается значение сопоставимых 

HR-показателей. Казахстанская практика демонстрирует не отсутствие этих 

процессов, а их смешанный и неоднородный характер. Правовой каркас, цифровые 

платформы занятости, развитие системы квалификаций и отдельные корпоративные 

практики уже формируют основу современной кадровой политики, однако ее зрелость 

по-прежнему определяется не количеством заимствованных инструментов, а степенью 

их институциональной, правовой и организационной согласованности. 

Ключевые слова: управление человеческими ресурсами, стратегическое HRM, модели 

HRM, AMO, HPWS, e-HRM, кадровая политика, рынок труда Казахстана, цифровизация 

HR. 

 

 

 

Введение 

Современное стратегическое управление человеческими 

ресурсами определяется через его связь с business strategy, 

workforce planning и human capital management, а потому речь 
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идет уже не о вспомогательной кадровой функции, а о контуре, 

который должен поддерживать долгосрочные цели 

организации через управление навыками, потенциалом и 

структурой занятости [1].  

Важнейший поворот в развитии дисциплины связан с 

гарвардской школой, представленной М. Биром, Б. Спектором, П. 

Р. Лоуренсом, Д. Куинном Миллзом и Р. Е. Уолтоном. Их подход 

задавал широкую рамку, в которой управление человеческими 

ресурсами связывалось не только с эффективностью организации, 

но и с участием работников, системами вознаграждения, 

потоками персонала и развитием компетентности, то есть HRM 

изначально мыслился как интегрированная управленческая 

система, а не как набор разрозненных процедур [2].  

Мичиганская, или стратегически выровненная, линия, 

связанная с Ч. Дж. Фомбруном, Н. М. Тичи и М. А. Деванной, 

предложила иную оптику. В ней центральное место занимает 

соответствие между миссией организации, ее структурой и 

циклом кадровых решений, включающим подбор, оценивание, 

развитие и вознаграждение. Эта модель оказалась особенно 

влиятельной там, где HR требовалось перевести на язык жесткой 

управленческой согласованности и целевой дисциплины [3].  

Д. Ульрих позднее сместил разговор еще дальше, показав, 

что зрелость HR-подразделения определяется не объемом 

внутренних операций, а тем, какую ценность оно создает для 

организации. Его четыре роли, strategic partner, 

administrative expert, employee champion и change agent, до 

сих пор остаются одной из самых устойчивых управленческих 

схем в профессиональном HR-дискурсе [4].  

Литературный обзор 

Среди объяснительных моделей особое место занимает AMO-

подход, поскольку он пытается ответить не столько на вопрос, 

какие практики полезны сами по себе, сколько на вопрос, через 

какой механизм они начинают работать. В обзоре А. Bos-Nehles, K. 

Townsend, K. Cafferkey и J. Trullen, основанном на анализе 104 

количественных исследований, показано, что результативность HRM 

устойчиво связана с тремя взаимодополняющими блоками: ability, 

motivation и opportunity, то есть способностью сотрудника 

выполнять работу, его мотивацией и реальной возможностью 

участвовать в рабочих и организационных процессах [5].  

Не менее значимой остается линия high-performance work 

systems. В этой логике сильный эффект возникает не от 

изолированной практики, а от пакета взаимосвязанных решений, 

где обучение, участие, автономия, командная работа и 

организационная поддержка усиливают друг друга. Современный 
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обзор по high-performance workplace system прямо 

характеризует HPWS как один из наиболее известных 

теоретических парадигмальных подходов стратегического HRM, 

объясняющих, каким образом дизайн системы управления 

персоналом влияет на производительность организации [6].  

Цифровой поворот придал HRM еще одно измерение. 

Метаанализ Ю. Чжоу, Ю. Чэна, Ю. Цзоу и Г. Лю систематизировал 

исследования по e-HRM и показал, что его внедрение связано с 

полезностью системы, организационными ресурсами, знаниями 

пользователей и социальным влиянием, а положительная связь e-

HRM с организационной результативностью оказывается сильнее 

в странах с более развитой ICT-инфраструктурой [7].  

Следующий важный сдвиг связан с переходом от должностной 

логики к навыковой. Deloitte фиксирует, что базовая единица 

организации труда, job, уже во многих случаях становится 

слишком жесткой для быстро меняющегося бизнеса, и потому 

компании переходят к skills-based models, где управление 

строится вокруг текущих и будущих навыков, а не только вокруг 

формализованных должностей [8].  

Глобальный рынок труда подтверждает, что этот разворот не 

является только языковой модой. Future of Jobs Report 2025 

World Economic Forum базируется на данных более 1000 

работодателей, представляющих свыше 14 млн работников в 55 

экономиках, и показывает, что на горизонте до 2030 года 

работодатели ожидают крупную перестройку навыковых требований 

под воздействием технологических и структурных сдвигов [9].  

То, как эти процессы ощущаются на прикладном уровне, 

хорошо видно по данным профессионального сообщества. В отчете 

CIPD Resourcing and Talent Planning 2024 зафиксировано, что 

69% респондентов сообщили о росте конкуренции за 

квалифицированные кадры, 84% пытались закрывать вакансии, а 

64% из этой группы столкнулись с трудностями привлечения 

кандидатов, причем наиболее сложным оставался найм на senior 

и skilled roles [10].  

Литература последних лет убеждает в одной вещи особенно 

настойчиво: современное HRM уже невозможно описать одной 

доминирующей моделью. Оно становится многослойной системой, 

в которой стратегическое выравнивание, мотивационно-

поведенческие механизмы, пакетные практики, цифровая 

инфраструктура и навыковая логика сосуществуют, иногда 

усиливая друг друга, а иногда создавая новые напряжения внутри 

организации. Сопоставление ключевых моделей HRM по их 

теоретическому ядру, сильным сторонам и основным ограничениям 

приведено в табл. 1. 
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Таблица 1 
Сравнительные характеристики ключевых моделей HRM 

Модель Теоретическое 

ядро 

Сильная сторона Основное 

ограничение 

Гарвардская Баланс 

интересов 

стейкхолдеров, 

долгосрочные 

HR-результаты 

Широкая 

социально-

стратегическая 

перспектива 

Сложность 

операционализаци

и 

Мичиганская Жесткое 

соответствие 

HR-политики 

стратегии 

фирмы 

Высокая 

управленческая 

определенность 

Риск редукции 

человека к 

ресурсу 

Ролевая 

модель 

Ульриха 

Ценность HR 

через 

создаваемую 

организационну

ю пользу 

Перевод HR в 

язык бизнеса 

Возможная 

инструментализац

ия человеческого 

измерения 

AMO Способность, 

мотивация, 

возможность 

участия 

Ясный механизм 

влияния HR на 

поведение 

Неоднородность 

измерений 

HPWS Эффект пакета 

взаимосвязанны

х практик 

Системный взгляд 

на 

производительнос

ть 

Сильная 

зависимость от 

контекста 

e-HRM Цифровизация 

HR-процессов и 

аналитики 

Скорость, 

прозрачность, 

масштабируемость 

Опасность 

формальной 

автоматизации 

Skills-

based 

organizatio

n 

Управление по 

навыкам 

Гибкость и 

внутренняя 

мобильность 

Высокие 

требования к 

данным и 

архитектуре 

процессов 

 

На уровне понятий видно, что современные модели 

расходятся не столько в ответе на вопрос, нужен ли организации 

сильный HR, сколько в том, за счет чего именно он должен стать 

сильным. Одни делают ставку на стратегическую 

согласованность, другие на поведенческий механизм, третьи на 

цифровую инфраструктуру, четвертые на навыковую подвижность 

труда. Именно поэтому зрелая практика редко строится по чистой 

модели. Обычно она представляет собой комбинированную сборку 

нескольких подходов сразу. 
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Рисунок 1 
Экосистема современной системы управления человеческими ресурсами 

 

Представленная на рисунке 1 конфигурация показывает, что 

зрелая HR-система строится не по линейному принципу, когда 

одна функция последовательно следует за другой, а по сетевой 

логике, в которой стратегическое выравнивание задает 

направление кадровых решений, управление на выками определяет 

содержательную основу трудового потенциала, цифровая 

инфраструктура обеспечивает скорость и прозрачность 

процессов, обучение и развитие поддерживают обновление 

компетенций, вознаграждение и удержание стабилизируют 

трудовое поведение, а культура участия создает среду, в 

которой способности и мотивация преобразуются в 

организационный результат. Существенно и то, что HR-метрики 

и аналитика в этой модели расположены не на периферии, а в 

числе ключевых контуров, поскольку современное управление 

персоналом все меньше опирается на интуитивные представления 

и все больше требует доказательной проверки решений через 

сопоставимые показатели эффективности.  

Материалы и методы 

Методологическая логика работы опирается на то 

направление исследований, которое связывает стратегический 

менеджмент и HRM не декларативно, а аналитически. П. Боксалл 

и Дж. Перселл подчеркивают, что стратегическое HRM следует 
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рассматривать через его влияние на шансы организации на 

выживание и относительный успех в различных организационных, 

отраслевых и общественных контекстах; такая установка 

особенно важна для сравнительных исследований, где переносу 

подлежат не модные формулы, а причинно-следственные 

связи [11].  

Понятийный аппарат соотносился с современной people-

management традицией, где подбор, performance management, 

reward, learning and development, employee relations и 

организационные способности рассматриваются как части одной 

системы. В 16-м издании руководства М. Армстронга и С. Тейлора 

отдельно подчеркивается, что современная практика HRM уже не 

может игнорировать дистанционную занятость и цифровые 

кадровые практики, то есть сама дисциплина расширяет свой 

предмет вслед за изменением труда [12].  

Дополнительный методический ориентир дает OECD, которая 

связывает результативность people management с его 

интеграцией в core business public service и рассматривает 

управление людьми как необходимое условие более продуктивной 

и responsive public administration. Это важно не только для 

государственного сектора. Сам принцип говорит о более общем 

требовании: HR имеет управленческий смысл лишь тогда, когда 

он встроен в основную логику деятельности организации [13].  

Результаты и обсуждение 

Переход к доказательному HR особенно заметен там, где 

кадровые процессы начинают измеряться сопоставимыми 

показателями. В рабочем документе OECD 2025 года по 

международной рамке индикаторов HRM в публичном управлении в 

качестве базовых были протестированы median age, age 

distribution, time to hire, total turnover и first-year 

attrition. Существенно здесь не только само перечисление 

метрик, но и то, что HR окончательно вводится в режим 

evidence-informed people management [14].  

Для Казахстана такая постановка вопроса имеет прямое 

значение. OECD Public Governance Scan of Kazakhstan 2025 

относит human resources management к числу ключевых 

направлений модернизации государственного управления наряду 

со strategic planning и public sector innovation. Тем самым 

кадровая политика рассматривается уже не как техническое 

сопровождение госаппарата, а как элемент архитектуры 

административной эффективности [15].  

Любая попытка переноса зарубежных моделей в казахстанский 

контекст упирается прежде всего в правовую рамку. Labour Code 

of the Republic of Kazakhstan от 23 ноября 2015 года № 414-V 
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задает базовые параметры трудовых отношений, а значит, 

современное HRM в стране не может развиваться вне юридической 

логики занятости, рабочего времени, гарантий, оплаты труда и 

ответственности сторон [16].  

Еще один важный слой формируется вокруг системы 

квалификаций. Закон Республики Казахстан «О профессиональных 

квалификациях» от 4 июля 2023 года № 14-VIII регулирует 

общественные отношения в сфере признания профессиональных 

квалификаций в рамках Национальной системы квалификаций, и 

именно здесь отечественная практика получает 

институциональную опору для перехода от должностного учета к 

более тонкой логике навыков, подтверждения компетенций и 

профессиональной мобильности [17].  

Цифровое измерение казахстанского рынка труда уже само по 

себе заставляет иначе смотреть на кадровые процессы. По 

состоянию на апрель 2026 года на портале Enbek.kz отображались 

около 121 тыс. рабочих мест, около 243 тыс. актуальных резюме 

и более 63 тыс. трудоустройств, а сама платформа включает 

сервисы Enbek Skills, Enbek HR, Enbek Career и иные цифровые 

контуры, что делает ее не просто витриной вакансий, а 

экосистемой трудового посредничества и частично кадрового 

администрирования [18].  

На макроуровне это укладывается в общую картину рынка 

труда. Бюро национальной статистики Казахстана сообщило, что 

по итогам 2025 года в экономике страны были заняты 9,3 млн 

человек, из которых 7,2 млн, или 76,9%, являлись наемными 

работниками, а уровень безработицы по методологии МОТ 

составил 4,6%. Такой масштаб наемной занятости означает, что 

вопросы обучения, удержания, подбора и оценки персонала давно 

вышли за пределы отдельных крупных компаний и приобрели 

общесистемное значение [19].  

В этом контексте особенно показательны выводы М. Латухи 

и К. Малько о казахстанских фирмах. Авторы показывают, что 

HRM в стране развивается не по прямой траектории «копирование 

Запада», а в логике гибридизации, где международные подходы 

проходят через фильтр локальной институциональной среды, 

управленческой культуры, иерархических привычек и 

организационной истории. Этот вывод важен методологически: 

современность HR нельзя измерять только набором терминов и 

инструментов, если неясно, как именно они работают в 

конкретной среде [20].  

Показательно, что и в самой казахстанской 

исследовательской повестке акцент все чаще смещается к 

адаптации международного опыта, а не к его механическому 
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копированию. В статье о совершенствовании HRM в системе 

государственного аудита Казахстана, опубликованной в 2025 

году, международные практики рассматриваются через 

comparative institutional analysis, а практический вывод 

строится вокруг стандартизированного обучения, 

институциональной независимости и снижения функционального 

дублирования. Это уже не язык декоративного бенчмаркинга, а 

язык институционального переноса с учетом ограничений среды 

[21]. Основные направления такой адаптации зарубежных 

HR-моделей к казахстанскому контексту обобщены в 

табл. 2. 

Таблица 2 
Направления адаптации зарубежных HR-моделей в Казахстане 

Международный 

ориентир 

Казахстанский 

контекст 

Практический смысл 

Strategic HRM Сильная роль 

правового 

регулирования труда 

Нужна увязка HR-

стратегии с трудовым 

правом 

Skills-based 

approach 

Развитие Национальной 

системы квалификаций 

Переход к более точной 

оценке компетенций 

e-HRM Быстрое расширение 

цифровых сервисов 

занятости 

Автоматизация найма и 

администрирования 

требует управленческой 

настройки 

HPWS Неоднородность 

организационной 

культуры и отраслей 

Пакетные практики нельзя 

переносить без адаптации 

HR analytics Ограниченная зрелость 

HR-метрик в части 

организаций 

Нужны сопоставимые 

показатели и культура 

измерения 

Talent 

management 

Рост конкуренции за 

квалифицированный 

труд 

Удержание и внутреннее 

развитие становятся 

стратегическими задачами 

 

Корпоративная практика также показывает, что элементы 

зрелого HRM в стране уже существуют в измеримом виде. В 

приложениях к отчету устойчивого развития NC KazMunayGas JSC 

за 2024 год раскрыты данные по employee hiring and turnover 

disclosures и employee training and evaluation disclosures: 

текучесть составила 6,6%, инвестиции в обучение достигли 5 

110 млн тенге, среднее число часов обучения на одного 

сотрудника составило 35 часов. Важен здесь не сам факт наличия 

корпоративного обучения, а публичность, сопоставимость и 

регулярность раскрытия этих показателей, поскольку именно так 

HR переходит из зоны внутренних намерений в пространство 
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управленческой отчетности [22].  

На этом уровне различие между зарубежным опытом и 

отечественной практикой становится более ясным. Казахстан не 

находится вне современной HR-повестки. Правовая база 

обновляется, цифровые платформы работают, рынок труда 

меняется, корпоративные системы обучения и оценки 

развиваются. Но при этом сохраняется главный вызов: соединить 

право, квалификации, данные, организационную культуру и 

стратегию в один рабочий контур. Там, где этого соединения 

нет, даже внешне современные HR-инструменты превращаются в 

набор несвязанных функций. 

 

 

Рисунок 2 
Адаптивная модель современного HRM для Казахстана 

 

Содержание рисунка 2 позволяет увидеть, что казахстанская 

модель управления человеческими ресурсами не может быть 

понята вне взаимодействия четырех уровней. Первый уровень 
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образует внешняя среда, задающая давление глобальной 

конкуренции за навыки, ускорение цифровизации и изменение 

требований к компетенциям. Второй уровень составляют 

национальные институты - трудовое право, система 

профессиональных квалификаций, цифровые платформы занятости 

и государственные данные, - именно они определяют границы и 

возможности переноса международных HR-подходов. Третий 

уровень связан уже с организационной практикой, где 

происходят подбор, адаптация, обучение, развитие, 

вознаграждение, удержание и аналитическая оценка персонала. 

Наконец, четвертый уровень выражен в результатах: снижении 

кадрового дефицита, росте производительности, повышении 

устойчивости и расширении внутренней мобильности работников. 

Такая структура принципиально важна, потому что она 

показывает: эффективное HRM в казахстанских условиях 

возникает не в точке механического заимствования зарубежной 

модели, а в точке ее институциональной настройки под 

национальную среду. Именно поэтому практическая 

состоятельность современной кадровой политики определяется не 

количеством внедренных инструментов, а степенью 

согласованности между внешними вызовами, государственными 

рамками, внутриорганизационными процедурами и измеримыми 

результатами. 

Заключение 

Современное управление человеческими ресурсами 

разворачивается как поле нарастающей сложности. Оно уже не 

исчерпывается кадровым администрированием, не сводится к 

обучению или мотивации и тем более не может быть сведено к 

цифровизации как таковой. Его предметом становится 

организация способности людей работать, развиваться, 

перемещаться внутри системы труда, сохранять вовлеченность и 

обеспечивать результат в условиях быстро меняющейся среды. 

Зарубежный опыт показывает, что устойчивый эффект дают не 

одиночные HR-решения, а согласованные конфигурации. 

Стратегическое выравнивание без навыковой логики быстро 

устаревает. Цифровизация без культуры измерения превращается 

в автоматизированную рутину. Развитие без внутренней 

мобильности становится затратой с низкой отдачей. Именно 

поэтому наиболее сильные модели HRM строятся не вокруг одной 

«лучшей практики», а вокруг управленческой связности. 

Отечественная практика выглядит не периферийной, а 

переходной. В Казахстане уже существует правовой и 

институциональный фундамент для современного HRM, работают 

цифровые платформы занятости, развивается система 
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профессиональных квалификаций, появляются корпоративные 

примеры раскрытия HR-показателей. Но зрелость этой системы 

по-прежнему определяется не количеством заимствованных 

инструментов, а тем, насколько последовательно они собираются 

в единую организационную логику. 

Наиболее продуктивная траектория для Казахстана связана 

не с копированием готовых моделей, а с их адаптивной 

интеграцией. Если стратегическое выравнивание, 

квалификационная политика, цифровая инфраструктура, обучение, 

оценка и HR-аналитика начинают работать совместно, управление 

человеческими ресурсами превращается в фактор 

конкурентоспособности. Если они существуют раздельно, 

организация получает лишь внешние признаки современности без 

ее внутренней силы. 
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Abstract. Household wealth preservation in Ukraine faces acute pressures from 

high inflation and ongoing wartime financial volatility. This paper examines 

whether conventional retail banking products or alternative instruments offer 

viable capital protection for private individuals. By evaluating retail bank 

deposits, Domestic Government Bonds (OVDP), and fractional commercial real estate 

certificates issued by Inzhur REIT, we analyze key trade-offs across nominal and 

after-tax yields, liquidity access, and statutory guarantee mechanisms. Our 

calculations demonstrate that nominal yields provide a misleading picture: while 

12-month deposits suffer from a combined 23% fiscal burden (personal income tax 

and military levy), sovereign domestic bonds retain full post-tax coupon yield 

alongside superior secondary market flexibility. Meanwhile, real estate mutual 

funds offer an accessible equity route into commercial assets with reduced 

dividend taxation, though they introduce specific non-exchange liquidity and 

wartime asset-valuation risks. Ultimately, we outline a pragmatic framework 

combining fixed-income sovereign debt with selective equity diversification for 

retail portfolios. 

Keywords: retail investments, bank deposits, Domestic Government Bonds, OVDP, 

Inzhur REIT, effective yield, household finance, portfolio diversification. 

 

 

 

The issue of preserving savings in Ukraine currently has 

not only theoretical but also practical significance. Due to 

inflation, martial law, and instability in the financial 

market, money that is simply kept in cash or in a current 

account gradually loses its purchasing power. At the same 

time, for most private investors, the choice of an instrument 
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is not obvious: it is necessary to consider not only the 

interest rate, but also taxes, the ability to quickly recover 

funds, guarantees, and risks. Therefore, it is advisable to 

invest only those funds that are not needed for daily expenses 

and whose partial loss would not be critical for the personal 

budget. It should also be noted separately that, thanks to 

mobile banking and public digital services, access to 

investment has become easier even for people with small 

amounts of money. 

From the perspective of a portfolio approach, it is 

important for an investor not to keep all savings in one 

instrument. Different options should be combined so that part 

of the funds remains liquid while another part can generate 

higher income. Bank deposits and domestic government bonds 

remain the most familiar instruments for Ukrainians. Both 

instruments are connected with state guarantees, but they 

differ in terms of taxation, yield, and early-exit conditions. 

In addition to them, private instruments are emerging on the 

market, including investment certificates of Inzhur real 

estate funds. They make it possible to invest not in a 

separate apartment, but in a share of a commercial real estate 

portfolio. The purpose of this paper is to compare deposits, 

domestic government bonds, and Inzhur certificates by net 

yield, tax burden, liquidity, and risks in order to determine 

which option may be appropriate for a private investor. 

Comparative Analysis of Bank Deposits and Domestic 

Government Bonds (OVDP) 

To begin with, it is appropriate to compare the two most 

common hryvnia-denominated instruments: term bank deposits 

and domestic government bonds. Deposits are understandable to 

most depositors: they are easy to open through a bank, and 

the minimum amount is usually small. According to the 

Ukrainian Index of Retail Deposit Rates (UIRD) [1], the 

average nominal yield on 12-month hryvnia term deposits is 

13.99% per annum, and for 6-month deposits it is 14.21%. 

However, this rate cannot be equated with the depositor’s 

real income, since 18% personal income tax and a 5% military 

levy are withheld from interest income [2]. After taxation, 

the net yield of a deposit decreases to approximately 10.77% 

per annum (13,99% ∗ (1 − 0,23)). Another drawback of a deposit is 
its limited flexibility: in the event of early termination of 

the agreement, the bank often does not pay the accrued 

interest or significantly reduces it. 

Domestic government bonds appear more attractive due to 
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their higher net yield and tax advantages. On the secondary 

market, hryvnia bonds with maturities of approximately one to 

two years yield between 15.50% and 16.20% per annum. For 

individuals, it is important that income from government bonds 

is not subject to personal income tax or the military levy, 

so the investor receives the coupon virtually without tax 

losses. In addition, domestic government bonds can be sold 

before maturity through a broker or banking application while 

retaining the right to the coupon for the period of ownership. 

In terms of guarantees, the two instruments are similar: 

deposits are covered by the Deposit Guarantee Fund during 

martial law, while payments on domestic government bonds are 

backed by the state. 

Table 1 
Comparative Characteristics of Bank Deposits 

and Domestic Government Bonds in Hryvnia 

Comparison parameter Term bank deposit (12 

months) 

Hryvnia domestic 

government bonds (1–2-

year maturity) 

Economic category 
Financial liability 

(money market) 

Financial liability 

(money-market 

security) 

Nominal yield, % per 

annum 
13.99% (official NBU 

UIRD index) 

15.50–16.20% (average 

on the secondary 

market) 

Tax burden 
18% personal income 

tax + 5% military levy 

(23% total) 

0% (fully exempt under 

the Tax Code of 

Ukraine) 
Actual net yield, % per 

annum 
10.77% 15.50–16.20% 

Entry threshold 

(minimum investment) 
from UAH 1,000 

from UAH 1,000 (one 

security in apps / 

Diia) 

Liquidity and exit 

from investment 

Low (loss of interest 

in case of early 

termination) 

High (sale on the 

exchange without loss 

of coupon) 

Guarantee of repayment 

100% of principal and 

interest (Deposit 

Guarantee Fund during 

martial law) 

100% of nominal value 

and coupon (State 

Budget of Ukraine) 

 

The comparison presented above shows that, with a similar 

level of reliability, domestic government bonds provide a 

higher net result than a traditional bank deposit. 

The difference is formed primarily through taxation, since 

the deposit rate decreases much more significantly after taxes 

are paid. For clarity, this relationship is shown in 

Figure 1. 
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Figure 1 
Comparison of nominal and net yields of bank deposits 

and domestic government bonds (as of September 2026) 

 

Figure 1 shows that the nominal rates on deposits and 

domestic government bonds do not differ very sharply; however, 

after taxes are taken into account, the gap becomes 

significant. A deposit with a nominal rate of 13.99% yields 

approximately 10.77% per annum after taxation, whereas income 

from domestic government bonds for an individual remains at 

the level of 15.50–16.20%. Therefore, when choosing between 

these instruments, it is worth assessing not only the 

announced rate but also the tax regime. At the same time, 

both options remain hryvnia-denominated, so they do not 

protect the investor from possible devaluation of the national 

currency. 

Financial Capital Instruments: The Case of Inzhur Real 

Estate Funds 

To protect against inflation and currency fluctuations, 

investors often consider real estate. This asset is 

understandable and tangible: it can be rented out and generate 

regular payments. However, buying an apartment requires a 

significant initial amount, often from USD 30,000–50,000, and 

also involves additional expenses for repairs, finding 

tenants, and maintaining the property. In addition, during 

wartime, the risk of a single property is highly concentrated. 

An alternative to the direct purchase of housing may be real 
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estate investment funds, which make it possible to buy not an 

entire property but a small share in a real estate portfolio. 

An example of this approach in Ukraine is Inzhur. The 

company develops commercial real estate funds and offers 

investors the opportunity to purchase certificates whose value 

is linked to a portfolio of properties. In its public materials, 

Inzhur states that the fund works with commercial real estate 

and long-term tenants. For this paper, it is important not so 

much to present the company as a risk-free instrument, but to 

evaluate it as an alternative to the direct purchase of real 

estate. The fund’s performance indicators — the expansion of 

the circle of co-owners, the valuation of the consolidated 

portfolio, and the level of dividends paid — are confirmed by 

the company’s public reporting [3] and regulatory acts of the 

National Securities and Stock Market Commission [4]. 

 

Table 2 
Comparative Analysis of Direct Real Estate Purchase 

and Inzhur REIT Investment Certificates 

Comparison parameter Direct purchase of 

housing for rental 
Inzhur REIT investment 

certificates 

Economic essence Real tangible asset 
Financial capital instrument 

(equity security) 

Minimum entry 

threshold 

from USD 30,000–

50,000 (cost of an 

apartment) 

from UAH 10 (value of 1 

certificate: NAV + 1%) 

Expected yield 5–8% per annum in 

USD (nominal) 

from 9.5% projected (actual 

over the previous 12 months 

— 12.96% in USD) 

Income taxation 
18% personal income 

tax + 5% military 

levy (23%) 

9% personal income tax + 5% 

military levy (14% total on 

dividends) 

Actual net yield 4.5–6.0% per annum 

in USD 
8.17% (projected) / 11.15% 

(actual 12 months) in USD 

Regularity of 

inflows 

Monthly from the 

tenant (if 

occupied) 

Monthly automatic dividend 

distribution 

Management and 

operating expenses 

Independent 

repairs, 

administration, 

vacancy risk 

Fully passive income 

(managed by a licensed AMC) 

Level of 

diversification 
None (risk tied to 

one address) 

Higher than when purchasing 

a single property; depends 

on the actual portfolio 

composition 

Specific risks 
Property damage, 

vacancies, tenant 

non-payment 

Non-exchange liquidity, 

sensitivity of NAV 

valuation, wartime risks 
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The advantage of this model is that the investor does not 

need to purchase an entire real estate property: the minimum 

entry amount is significantly lower, while operational 

management is undertaken by the asset management company. In 

addition, dividends received by individuals from such 

certificates are taxed at a preferential rate of 9% personal 

income tax and a 5% military levy, meaning that the total tax 

burden is 14%. This provides an expected net yield of 8.17% 

(9,50% ∗ (1 − 0,14)) under the baseline forecast and up to 11.15% 
(12,96% ∗ (1 − 0,14)) based on actual payments from the previous 
period, which is considerably more favorable than income from 

deposits or direct residential rental. 

For a visual comparison of net income from renting out 

housing and from real estate fund certificates, taking the 

tax factor into account, Figure 2 was prepared. 

 

 

Figure 2 
Comparison of net yields from direct investment and Inzhur REIT 

(in U.S. dollars) 

 

According to the data used to construct Figure 2, the 

baseline forecast for Inzhur REIT provides a higher net yield 

in foreign currency than direct residential rental. At the 

same time, this result should not be viewed as guaranteed. It 

depends on the actual performance of tenants, occupancy rates, 

property valuation, and the overall situation in the real 

estate market. 

Along with its advantages, this instrument also has 

significant risks. First of all, Inzhur certificates are not 
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as liquid as a bank deposit or domestic government bonds. The 

company may declare a buyback mechanism, but under market 

stress, quick recovery of funds may not always be simple. In 

addition, the fund’s yield depends not only on rental payments 

but also on the valuation of real estate. During martial law, 

commercial properties are affected by security risks, changes 

in consumer demand, vacancy rates, and possible delays in the 

development of new projects. Therefore, such certificates 

should be considered a riskier instrument rather than a 

complete substitute for deposits or domestic government 

bonds. 

Thus, investment certificates of real estate funds may be 

attractive for an investor who wants to receive income linked 

to real estate but does not have the ability or desire to 

independently purchase and maintain a property. At the same 

time, the absence of state guarantees, wartime risks, and 

limited liquidity make this instrument less protected 

compared with deposits and domestic government bonds. 

The comparison conducted shows that there is no universal 

solution for all savings. A bank deposit remains a simple and 

understandable instrument, but after taxes are paid, its net 

yield is lower than it appears based on the nominal rate. In 

addition, early withdrawal of funds often leads to the loss 

of interest. Against this background, hryvnia-denominated 

domestic government bonds look more advantageous for the 

conservative part of a portfolio, as they provide a higher 

net yield, are not taxed for individuals, and remain 

relatively liquid. 

Real estate fund certificates, including Inzhur REIT, may 

complement such a portfolio because they provide access to 

real estate with a low entry amount and a lower tax burden on 

dividends. Their advantage lies in the opportunity to receive 

income linked to commercial properties without independently 

managing real estate. However, this instrument has no state 

guarantees and depends on market conditions, tenant 

performance, and the fund’s ability to maintain liquidity. 

In view of this, the most balanced approach may be to 

combine several instruments. Domestic government bonds should 

be used for the more stable part of hryvnia savings, while 

real estate fund certificates may serve as an additional 

option for diversification and partial protection against 

currency risks. Deposits, meanwhile, can remain a reserve 

instrument for funds that the investor wants to keep in the 

simplest and most understandable form. 
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Abstract. It is impossible to imagine our lives without speech. The indispensable 

role of speech in the life of society is known to all of us. Through speech, 

people understand one another and establish interpersonal communication. The 

foundation for acquiring fluent and coherent speech is laid during the preschool 

period. Throughout different periods, children's acquisition and mastery of spoken 

language have been considered among the relevant issues in education and child 

development. It can be noted that one of the main factors in the comprehensive 

development of children is their properly developed speech. Why is this problem 

always relevant? One possible answer is that children are the builders of our 

future. The comprehensive development process, the foundation of which is laid 

during the preschool period, is of great importance in shaping their future 

personality and helping them become individuals who are useful to society and the 

state. This process begins with the child's entering the social environment, 

communicating with others, and becoming socialized. Children should learn their 

mother tongue at a high level. This enables their speech to become more accurate 

and coherent. Children should be taught to use all the richness of the language 

in everyday life, in work-related activities, as well as in social activities. 

Our national leader, Heydar Aliyev, also emphasized the importance of the mother 

tongue with the following words: “It is the language of a nation that preserves 

and develops its national identity and spiritual values. Not knowing or 

appreciating one's mother tongue is undoubtedly a serious fault before one's 

people.” Teaching children their mother tongue is the responsibility of each of 

us. Preschool institutions, in turn, are extremely important in terms of enabling 

children to communicate with their peers, express their thoughts orally, and 

develop an interest in artistic language and literature. During educational 

activities, children exchange ideas, search for appropriate words to express their 

thoughts and opinions clearly, and use these words in their speech. The influence 

of all areas of activity on the development of spoken language is evident. 

Therefore, these activities should be organized in such a way that they directly 

contribute to the development of children's speech. Since play is the leading 

type of activity during this age period, it provides rich material for children's 

speech development. Collectively organized games, as well as various didactic 

games, are particularly important in this area of educational work. 

Keywords: language, coherent speech, educational process, vocabulary, teaching 

and upbringing. 

 

 

The importance of the mother tongue in every person's 

life is well known to all of us. Through language, we 

communicate, understand one another, and convey our thoughts 
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to others. Language is the existence and national wealth of 

a people. It is also regarded as one of the important means 

of carrying out the processes of teaching and upbringing. 

This is because people primarily use words both in the process 

of education and in the process of upbringing. Language is a 

means through which we express and learn thoughts, feelings, 

attitudes, beliefs, and value judgments, as well as 

communicate information about events that are observed and 

perceived. All of this demonstrates how important language is 

for a child's cognitive and social development. Since the 

transmission of social structure and culture is largely based 

on language, language development and cognitive development 

progress in interaction with each other in areas such as the 

formation of concepts, thinking, establishing relationships, 

and solving problems. Language is a form of behavior that 

helps the child move beyond egocentrism, become a social 

individual, learn to regulate and monitor themselves, 

gradually understand their thoughts, feelings, and behavior, 

and feel secure. Thus, it can be argued that the formation of 

a child as a personality, the development of their thinking, 

and their future purposeful activities depend largely on how 

and to what extent they master their mother tongue. It is 

therefore not accidental that today the acquisition of the 

mother tongue by preschool children is regarded as one of the 

important tasks of teaching and upbringing. Teaching the 

younger generation to use the richness of their mother tongue 

in everyday life, work, and social activities is an important 

task at all stages of education. The first environment 

surrounding a child is the family environment. The process of 

language acquisition also begins within the family. As a 

result of approaching this important task purposefully, the 

child develops certain perceptions about the surrounding 

world, understands what others say, becomes capable of 

expressing their own thoughts about objects and events, and, 

naturally, the process of personality formation begins to 

develop on a sound foundation. First of all, it should be 

noted that speech plays a major role in psychological 

development. In general, from the moment of birth, speech 

gradually develops as a means of communication, helping the 

child understand the emotional states of other people. 

Therefore, speech can be regarded as an indispensable and 

essential function. First, let us clarify the stages through 

which speech develops in normally developing children. These 

stages can be compared to a pyramid. At its foundation, we 

can identify the period from birth to one year of age. This 



 
 
 

 

PEDAGOGY AND EDUCATION 

 
 

53 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

is the child's speech-preparation period. The more properly 

this process develops, the more successful speech development 

will be. 

During this preparatory period, the child establishes eye 

contact with the mother, and social smiling emerges. The child 

responds with a smile when the mother speaks or smiles. At 

around six months of age, the first syllables begin to appear, 

while by twelve months the child begins to pronounce their 

first words. The next stage of the pyramid covers the period 

from one to three years of age. This period is characterized 

by the development of oral speech. The child expands their 

vocabulary, acquires a sufficient number of words, and becomes 

able to name objects and phenomena observed in their 

surroundings. The next stage covers the period from three to 

six years of age. This can be regarded as the period of 

enrichment of oral speech. The child's vocabulary continues 

to expand, they can answer questions addressed to them with 

greater ease, and many other developmental characteristics 

become evident. It should also be emphasized that parents and 

preschool teachers bear significant responsibility for 

ensuring the proper moral development of children. The family 

environment, followed by preschool institutions, plays a 

particularly important role in children's physical and moral 

development and in the development of their speech. Preschool 

institutions are considered the first centers of teaching and 

upbringing for children. In the process of acquiring this 

profession, we once again witnessed the extent to which 

preschool institutions are important for children during this 

age period. The basic knowledge and skills that children 

acquire here provide them with comprehensive guidance and, 

naturally, remain in their memory for a long time. Specialists 

also consider teaching young children to communicate with 

others and to convey their thoughts clearly, correctly, and 

expressively to others to be one of the important 

responsibilities of preschool institutions. One of the main 

directions of the Program of Education and Training in 

Preschool Institutions is work aimed at ensuring the 

consistent, accurate, and complete expression of thoughts, 

the precise selection of words, and correct pronunciation. 

One of the main reasons why preschool institutions are so 

important in children's speech development is that this is 

where the child enters the social environment for the first 

time. The child establishes relationships with peers and 

begins to communicate with them. It should also be noted that 

children primarily express their feelings and emotions 
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through language. They understand the surrounding world 

through their mother tongue. Language is the form in which 

thought is expressed. Although the ability to speak is 

inherent in humans, speech and language themselves are not 

innate. If a child does not engage in communication, they 

will not develop speech; instead, they may produce unusual 

sounds and rely on movements and facial expressions. Since 

they do not hear spoken language or engage in dialogue, they 

cannot develop normal speech. Language is essential for the 

child's comprehensive development. Otherwise, the child 

cannot acquire speech. 

Probably all of us watched the cartoon Mowgli during 

childhood. Having been raised among animals from infancy, 

Mowgli lost the characteristics associated with human 

language and was subsequently unable to communicate with 

people. In fact, this is not merely a fictional idea. 

Historically, children who, for various reasons, were 

isolated from human society were unable to fully acquire this 

ability later in life. One may ask whether language can be 

learned later. This is actually a very complex question. 

Letters, words, and sentences can be taught, but language and 

communication are fundamentally different and, at the same 

time, require the maturation and development of specific 

structures in the brain. Children's speech is social in 

nature; in other words, it is oriented toward contact and 

interaction with others. In general terms, we can state that 

speech does not develop spontaneously in a child. It develops 

gradually, and the child encounters numerous difficulties 

along this path. These difficulties can eventually lead to 

speech disorders. One of the major causes is that parents 

fail to notice such difficulties in time and, consequently, 

do not take early measures to eliminate them. Naturally, this 

can have a negative impact on the child's subsequent moral 

and social development. From the day a child is born, parents 

should strive to ensure the correct pronunciation of the 

sounds of the mother tongue, the development of a rich 

vocabulary, the proper acquisition of the grammatical 

structure of the mother tongue, and the development of 

coherent speech. The child gradually develops and acquires 

all of these abilities through interaction with their 

immediate environment, primarily their parents and family, 

and later through communication with peers and teachers. It 

can be noted that the formation of special speech-motor 

associations is essential for a child to acquire spoken 

language. These associations can be said to emerge toward the 
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end of the first six months of life, when the child begins to 

pronounce several speech sounds. During this period, the child 

already produces a number of sounds and, so to speak, begins 

to play with sounds. Such vocal play results from the child's 

involuntary experimentation with their own abilities. This 

involuntary activity is based on imitation and reproducing 

the sounds that the child hears. Naturally, as the child 

grows, this process develops further. Thus, by seven to nine 

months of age, the child's pronunciation becomes more precise. 

During these months, the child's vocal production becomes 

increasingly clear and intelligible. When discussing work 

aimed at speech development, we should first consider work on 

literary pronunciation and standard oral language. Correct 

literary pronunciation is of great importance in the 

development of children's oral speech. In this context, 

literary pronunciation includes orthoepy, stress, intonation, 

speech rate, and other aspects of pronunciation. One of the 

main issues in speech development is ensuring that children 

pronounce sounds and words correctly and acquire this ability. 

Even if a child has a rich vocabulary, if they cannot 

pronounce words and sounds clearly and correctly, their 

intended meaning will not be understood adequately. Taking 

all of this into consideration, it can be stated that children 

should be taught from an early age to pronounce sounds and 

words correctly and to master the phonetic aspects of speech. 

Proper acquisition of the norms of the literary language 

is one of the principal factors in the normal development of 

children's speech. During this period, oral speech is the 

primary form of communication for children. Therefore, 

attention should be paid to the clarity and correctness of 

oral speech. When work in this direction is carried out 

unsystematically and children's speech is left without 

adequate supervision, they inevitably make more pronunciation 

errors. Sometimes we observe situations in which parents find 

it amusing when a child mispronounces a word and even imitate 

the child by pronouncing it in the same incorrect manner. 

Although the consequences may not be immediately apparent, 

this can contribute to the reinforcement and intensification 

of such deficiencies. Therefore, the absence of a unified 

speech environment and the failure to establish consistent 

requirements for children's speech both in preschool 

institutions and within the family should be considered 

significant shortcomings in this field. In general, when we 

refer to spoken language and its development, we should 

consider the comprehensive acquisition of a number of 
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abilities necessary for a child to speak and develop correct 

speech. These include, first and foremost, the correct 

pronunciation of sounds and words, acquisition of speech sound 

culture, enrichment of vocabulary, construction of speech in 

accordance with grammatical rules, development of coherent 

speech, and other related abilities. All of these are 

considered highly important factors in the development of 

children's spoken language. 

When discussing spoken language, it should be noted that 

the formation of speech-motor associations is of utmost 

importance for acquiring spoken language. These associations 

emerge during infancy, when the child begins to pronounce 

several speech sounds. The child produces a variety of sounds, 

which are mainly based on imitating the sounds they hear. By 

the age of seven to nine months, the child's sound production 

begins to become more precise. When discussing spoken 

language, we should first emphasize that, for every child to 

develop speech and acquire language, their articulatory 

apparatus must develop normally. The emergence of speech and 

the production of sounds in human beings are made possible by 

the speech apparatus. The speech apparatus is a set of 

interconnected organs that function in coordination to 

produce sounds, regulate them, and transform them into 

meaningful utterances. In general terms, the human speech 

apparatus refers to all the elements directly involved in the 

production of sounds, including the central nervous system, 

the respiratory organs-the bronchi and lungs-the larynx, 

pharynx, oral and nasal cavities, as well as the articulatory 

apparatus. This issue should be given particular attention 

because the development of spoken language cannot be 

considered without the normal development of the articulatory 

apparatus. During the preschool period, structural 

abnormalities of the articulatory apparatus can lead to 

improper development of sound pronunciation. Initially, when 

a child is not yet able to use the articulatory organs 

effectively, they first learn to hear a word and subsequently 

to pronounce it. The airflow coming from the lungs passes 

through the articulatory organs and encounters various 

obstacles, resulting in vibration. The process of speech-

sound formation begins through this mechanism. Muscle 

sensation also plays an important role in the pronunciation 

process. If a child's articulatory apparatus is flexible and 

sufficiently developed, they may be able to overcome some 

pronunciation difficulties independently. As is evident from 

the above, the development of the articulatory apparatus is 
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of considerable importance in the development of spoken 

language. From this perspective, it is appropriate to use a 

number of means and exercises that support the development of 

the articulatory apparatus. It is necessary to establish an 

appropriate approach from an early age and engage children in 

exercises such as blowing up balloons, laughing aloud, and 

similar activities. These exercises can be highly effective 

throughout the complex process that begins with the child's 

first vocalizations and continues with the gradual 

acquisition of the mother tongue and understanding of its 

structure. During speech development, the child must 

necessarily acquire the ability to pronounce sounds 

correctly. In this process, having children recite poems, 

practice tongue twisters, and use examples of folklore can be 

highly beneficial. When teaching the pronunciation of a 

particular sound, it can be effective to show objects or 

pictures whose names begin with that sound and to use 

corresponding expressions. Children can also be given 

exercises involving the imitation of sounds. In this case, 

the preschool teacher demonstrates the correct pronunciation 

of the sound, and the children imitate it while simultaneously 

moving their speech organs. In order to acquire spoken 

language, a child must first be able to hear speech sounds. 

Speech perception through hearing is also essential for the 

development of spoken language. Speech sounds can fulfill 

their social function only when they are heard by other people 

as well. Both the production and perception of speech sounds 

are controlled by the central nervous system. 

Speech perception involves both physical and phonemic 

hearing. Physical hearing refers to the ability to perceive 

speech sounds produced at different levels of pitch and 

intensity. Phonemic hearing, on the other hand, refers to the 

ability to distinguish and pronounce all the sounds of a 

language. These components collectively ensure adequate 

speech perception. The integrated development of these 

components may subsequently play a fundamental role in 

mastering spelling and orthoepic skills. This is natural 

because a child cannot properly acquire written language 

without having developed adequate speech perception and 

without mastering oral language correctly. Various exercises 

can be conducted in this regard. At an early age, different 

didactic games can be organized with children. For example, 

children can listen to the sounds produced by different toys, 

musical instruments, and other objects and learn to 

distinguish the intensity and characteristics of sounds. In 
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order to achieve the development of spoken language in 

children, attention should also be paid to proper breathing. 

Children often experience difficulties in breathing correctly 

while speaking and may be unable to replenish their air supply 

adequately. As a result, various distortions may occur, which 

can lead to impaired speech fluency. The importance of proper 

breathing should be explained to children as clearly as 

possible and demonstrated visually. Exercises aimed at 

improving the respiratory apparatus may include sitting 

comfortably, breathing without raising the shoulders, and 

similar activities. Reciting poems from memory, practicing 

tongue twisters, and breathing correctly at appropriate 

points can also be used to develop speech breathing. When 

discussing the development of spoken language, particular 

attention should also be paid to diction. Diction is 

considered one of the most important qualities of speech. The 

development of the articulatory organs plays a fundamental 

role in the formation of good diction. In addition, the 

development of good speech perception and the child's ability 

to control and express their own voice are essential 

prerequisites for clear diction. During this age period, 

attention should be paid to children's ability to pronounce 

sounds, words, and expressions accurately and clearly. For 

this purpose, preschool teachers should model grammatically 

correct speech and good diction when communicating with 

children. In this way, children can acquire good diction and 

speaking skills. Work on pronunciation and diction can be 

conducted both collectively and individually. It should be 

emphasized that when children mispronounce words, failure to 

correct these errors may cause them to become established in 

their speech, making them more difficult to correct later. 

Therefore, adults should provide children with correct 

pronunciation models and pay careful attention to the 

orthoepic correctness of their speech. When considering the 

role of various factors in the development of children's 

spoken language, particular attention can be given to speech 

sound culture. Speech sound culture encompasses intonation, 

speech rate, sound pronunciation, diction, gestures, facial 

expressions, and other related aspects. All of these play an 

important role in spoken communication. When insufficient 

attention is paid to a child's speech, their ability to 

communicate and acquire language may be hindered. This can 

also negatively affect pronunciation and the grammatical 

structure of speech. Speech problems that emerge during this 

period may become more serious in the future. 
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For children to acquire well-developed speech, engaging 

in communication and participating in dialogue are extremely 

important. Emotional communication with adults contributes to 

children's more rapid acquisition of spoken language as well 

as to the correct pronunciation of words. One of the main 

issues requiring attention in expressive speech is 

intonation. Intonation includes the tone of voice, speech 

rate, pauses, and various emotional states. Intonation 

acquires logical meaning together with words. When separated 

from words, it cannot independently express a complete 

thought. We can communicate our ideas to children precisely 

through the emotional function of intonation. Through this 

emotional dimension, children comprehend the ideas 

communicated to them and understand the content of literary 

works. Among the means of developing spoken language in 

children, the enrichment of vocabulary is particularly 

important. This is natural because without an adequate 

vocabulary and the continuous addition of new words, a child 

cannot communicate effectively or develop their speech. 

Therefore, enriching children's vocabulary is essential for 

the development of clear and effective speech. Vocabulary 

enrichment refers directly to increasing the child's 

vocabulary through words that are unfamiliar or only partially 

familiar to them. When children are encouraged to develop 

speech that is characterized by a rich vocabulary, grammatical 

correctness, and clear pronunciation, they can make broader 

and more complete use of their speech skills. In particular, 

oral speech should be of high quality during this period. 

Therefore, requirements such as richness, meaningfulness, 

logical consistency, clarity, precision, expressiveness, and 

others should be taken into consideration. The richer a 

child's vocabulary, the more comprehensible and meaningful 

their speech becomes. Therefore, it can be considered 

appropriate to begin speech-development work with vocabulary 

enrichment. The enrichment of a child's vocabulary occurs 

when they learn words that describe various characteristics 

of objects in the surrounding world, particular events, 

objects, and facts, as well as during their acquaintance with 

natural phenomena and environmental objects. Various 

dialogues with peers on different topics also play an 

important role in this process. Through all these activities, 

we can observe the enrichment of the child's vocabulary. The 

characteristics and content of a child's vocabulary also 

determine the development of their thinking and speech. In 

any case, the process of vocabulary formation initially begins 
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with becoming acquainted with objects. When children 

encounter new objects, they engage in cognitive observation. 

Based on these observations, they touch and examine objects 

and learn about their nature and characteristics. 

In order to organize vocabulary-enrichment activities 

properly, it is necessary to understand their psychological 

and linguistic foundations. Words have both lexical and 

grammatical meanings, and these aspects should be taken into 

consideration. It can be noted that children necessarily use 

words to express any particular thought. If a child's thought 

is unclear, this also affects their speech, ultimately making 

their speech difficult to understand. Therefore, vocabulary 

enrichment is closely related to enriching the content of 

thought. The living and non-living environment surrounding 

the child, various events, games, and other experiences all 

contribute to the introduction of new words into the child's 

vocabulary. Therefore, if a child becomes interested in a new 

object or phenomenon and wants to observe it, appropriate 

conditions should be created for this interest, and efforts 

should be made to ensure that these new words become 

established in the child's active vocabulary. In this process, 

children's vocabulary can be enriched through reading 

literary works, riddles, proverbs, and similar materials. It 

is important to introduce children to new words and ideas. At 

the same time, we should study the individual characteristics 

of children's vocabulary because each child grows up in a 

different domestic and linguistic environment. Taking these 

differences into consideration, speech situations should be 

created in which children can use words from both their active 

and passive vocabularies in actual communication. The age of 

four to five years is particularly important for vocabulary 

development. At this stage, considerable attention is devoted 

to expanding children's vocabulary through literary works. 

Children learn many new words from books, and as a result, 

their speech becomes more emotional and richer. During this 

period, children may have a vocabulary of approximately 2,500–

3,000 words. Consequently, during communication and 

conversation, they are able to express their thoughts and 

ideas more fully and accurately. Psychological and 

pedagogical literature considers the development of 

children's vocabulary during the preschool period to be one 

of the essential components of language development. The 

means that play an important role in the development of spoken 

language during this period are implemented through the stages 

described above. The child learns to understand a word 
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correctly, use it in communication, pronounce it, listen to 

its pronunciation, identify similar and different words, and 

determine the sequence of sounds within words. During the 

preschool period, children become familiar with words. As 

their active vocabulary becomes enriched, they learn to 

identify the purpose of a particular topic, distinguish words 

with similar or opposite meanings, and use words to 

differentiate and generalize events and objects. In general, 

work aimed at enriching, activating, and refining children's 

vocabulary should primarily be based on observations of the 

surrounding world while also being integrated with all areas 

of their activity. When these activities are organized 

effectively and purposefully, they create opportunities for 

the integrated development of speech and cognitive abilities. 

Mastering grammatical structures is also important in 

teaching and developing spoken language. When a child acquires 

grammar through practical experience, their thinking develops 

simultaneously. The acquisition of grammatical structures is 

a relatively complex process for a child. When grammatical 

rules are learned, the child begins to understand the logic 

of the language and becomes familiar with the concrete 

meanings of words and sentences. Grammar contributes to the 

development of both speech and psychological processes. It is 

well known that grammar is divided into two main branches: 

morphology and syntax. Morphology deals with words and their 

forms, while syntax examines word combinations and sentences. 

Why is the grammatical structure of language so important for 

speech development? Because speech can be understood and serve 

as a means of communication with adults only when it is 

properly organized morphologically and syntactically. The 

development of children's spoken language during the 

preschool period directly depends on the extent to which they 

understand and acquire the grammatical structure of the 

language. Grammatically correct speech has a significant 

influence on intellectual development. More logical thinking, 

sequencing, and generalization skills develop as a result. 

Taking these factors into consideration, children of 

preschool age should be encouraged to develop habits of 

grammatically correct speech. The acquisition of grammatical 

structures creates conditions for the formation of children's 

oral speech and for understanding and distinguishing the 

characteristics of the individual and functional styles of 

the literary language. We should organize our work in this 

direction in such a way that children understand the lexical 

and grammatical meaning of every word they use in their 
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speech. Otherwise, language acquisition, the organization of 

speech activities, and the preservation of emotional 

expressiveness become more difficult. 

In particular, children's practical understanding of 

sentences begins at an early age. Naturally, their sentences 

at this stage are not always coherent, words are not 

necessarily arranged according to established rules, and 

grammatical agreement may not be observed. This process 

gradually improves under the influence of adults. Children 

begin to pay attention to nuances of meaning and to where and 

how particular words should be used. When work related to 

speech development is carried out systematically in preschool 

institutions, purposeful communication has a strong influence 

on children's speech. Much of this responsibility falls on 

preschool teachers. Thus, when teaching grammatical meanings, 

the teacher must first master these meanings themselves, and 

their own speech should serve as an example. At this age, the 

child's circle of communication expands and their vocabulary 

increases. As a result, grammatical errors may appear in their 

speech. When children begin to use longer and more complex 

sentences, they may not yet be able to fully control the 

grammatical rules involved. Therefore, attention should be 

paid to children's individual characteristics, the 

grammatical errors they make should be identified, and efforts 

should be made to eliminate them. These shortcomings can be 

addressed through both individual assignments and group-based 

speech-development activities. However, correction of speech 

deficiencies by preschool teachers should also be carried out 

during other educational activities and during children's 

free time. When discussing spoken language, particular 

attention should be paid to coherent speech and its forms. 

Coherent speech emerges as a result of the development of 

speech sound culture, vocabulary enrichment, and grammatical 

structures discussed above. The level of speech development 

is determined by the extent to which a child can express their 

thoughts in a consistent and coherent manner. Once a child 

acquires coherent speech, they can communicate freely and 

confidently without hesitation. Coherent speech is 

characterized by systematic and consistent expression. If a 

child has no speech pathology, the development of coherent 

speech gradually takes place alongside the development of 

thinking, activity, and communication. The development of 

coherent speech primarily refers to the child's ability to 

express thoughts fluently, clearly, concisely, and 

effectively. The child should first understand the idea they 
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intend to express and then be able to express it correctly in 

linguistic form. Coherent speech involves expressing a 

particular content through an appropriate linguistic form. At 

the same time, the development of coherent speech is a complex 

and multidirectional process. Coherent speech has two main 

forms: monological and dialogical speech. It should be noted 

that spoken language is dialogical by nature. Spoken language 

is the simplest form of oral speech and is characterized by 

being situational and emotional. 

The acquisition of consistent monological speech is 

considered one of the main objectives of speech development. 

Nevertheless, children first acquire dialogical speech, and 

the conversation method is used in its development. It is 

precisely through dialogue that children learn to understand 

their interlocutor, ask questions, and provide answers. 

Logical relationships are also present in the dialogue 

process. Questions and answers revolve around a particular 

content or topic. There should be semantic connections between 

the individual utterances in a dialogue. Since no special 

preparation is required in advance, conversations occur 

naturally. Such conversations can be conducted with children 

at any time of the day. It is also possible to create various 

speech situations. Speech environments can be created through 

interesting pictures and toys that attract children's 

attention and encourage them to speak, as well as by recalling 

various objects, events, or experiences. In other words, both 

parents and preschool teachers should involve children in 

conversation whenever appropriate and encourage them to 

participate in communication. When discussing dialogical 

speech, particular attention can be given to the interview or 

guided conversation. An interview is a specific form of 

dialogue directed toward a particular topic. During this 

process, a particular topic is discussed, and some preliminary 

preparation is carried out. Such interviews have an 

educational and instructional character. Therefore, every 

effort should be made to develop children's coherent speech 

skills. Interviews can be organized around a variety of 

themes. These may include everyday life, social life, rural 

and urban environments, nature, different professions, and 

other topics. Their structure and content should correspond 

to the age and developmental level of the children. 

In spoken language and its development, children should 

learn to ask questions, listen to their interlocutors, and 

engage appropriately in communication. In order to encourage 

children to ask questions, they should be shown pictures and 
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objects and placed in speech situations that stimulate their 

curiosity and create a need to ask and inquire. These 

questions should contribute to the development of their 

intellectual activity. In preschool institutions, the reading 

of literary passages containing dialogues can also be 

effective in developing and shaping children's spoken 

language. A number of literary works create vivid and 

emotionally rich situations. Songs used in games and poems 

can also be incorporated into this process. At the same time, 

dramatization can be used to develop dialogical speech. After 

reading a literary work, children can perform dramatizations 

with the assistance of the preschool teacher. During this 

activity, they repeat the characters' words aloud using 

expressive, artistic, emotional, and imaginative language. 

Any phonetic deficiencies identified during the activity can 

be corrected. Errors made during dialogical speech should be 

identified and corrected appropriately. Dialogical 

communication also incorporates comprehension. The 

development of comprehension skills and the ability to 

formulate and express ideas are reflected in dialogue. 

Dialogue also enriches children's vocabulary, improves 

grammatical relationships between words, and contributes to 

the formation of the syntactic structure of sentences. All of 

these subsequently provide a foundation for the development 

of monological speech. Observations also demonstrate that 

when adequate attention is paid to a child's speech and their 

speech is appropriately monitored, communication and 

educational activities in the social environment can be 

carried out successfully. In this case, children gradually 

learn to adapt their speech to the purposes of communication 

and to the social and psychological conditions of the speech 

situation. Beginning at approximately three years of age, 

children gradually learn when they should speak and when they 

should remain silent, as well as which words and expressions 

they should use to express their thoughts, feelings, and 

attitudes toward others. It should be noted that dialogue is 

a complex form of social interaction. In some cases, 

participating in a dialogue may even be more difficult than 

producing a monologue. Participation in dialogue requires a 

number of complex skills. These include listening to the 

interlocutor, correctly understanding the idea expressed by 

them, formulating one's own response, expressing it 

accurately through language, maintaining an appropriate 

emotional tone, and performing other communicative functions. 

In any speech interaction, the speaker and the listener are 
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almost equally active. The speaker asks a question and the 

listener responds; alternatively, the speaker expresses an 

opinion and the interlocutor reacts to it. During the process 

of dialogical speech, the person expressing an idea first 

formulates it internally and then transfers it into external 

speech, that is, expresses their thoughts through words. The 

person receiving the message, namely the listener, processes 

the information after hearing it and then moves from internal 

to external speech by formulating and expressing a response 

to the interlocutor. Thus, both participants become more 

actively involved in the process of dialogical speech. Based 

on pedagogical literature, it can be stated that the 

comprehensive development of all relevant components is 

necessary for the development of spoken language in children. 

Children's vocabulary should be enriched, they should acquire 

speech sound culture, and attention should be paid to the 

grammatically correct construction of words and sentences. 

Without these components, it is impossible to speak of the 

effective development of spoken language. In order to speak, 

participate in dialogue, and communicate with others, a child 

must acquire correct pronunciation, develop speech sound 

culture, and incorporate a large number of new words into their 

vocabulary. Through the integrated development of these 

components, children's speech gradually develops into coherent 

speech. The child becomes capable of participating in coherent 

dialogue and develops into an active member of society. 

 

References: 
[1] Karimov, Y. Sh. Methodology of Teaching the Mother Tongue. Nasir 

Publishing House, Baku, 2003. 

[2] Karimov, Y. Sh. Methodology of Speech Development in Preschool 

Children. Baku, 2019. 

[3] Karimov, Y. Sh. Speech Development in Kindergarten. Maarif Publishing 

House, Baku, 1983. 

[4] Asgarova, R. A. Development of Coherent Speech in Preschool Children. 

Military Publishing House, Baku, 2006. 

[5] Jafarova, N. B. Methodology of Work on Speech Development. Textbook. 

Azerbaijan State Pedagogical University Publishing House, Baku, 2018. 

 

 

 

 

 



 
 
 

 

PEDAGOGY AND EDUCATION 
 

66 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

Орта мектеп оқушыларына 

«жылу физикасы» бөлімі бойынша 

эксперименттік есептерді шығаруға 

үйрету әдістемесі 

 
Өмірханқызы Ұлдана1,  

Ғылыми жетекшісі: Ерженбек Б.2 
 

 
12-курс магистранты, математика, физика жəне информатика факультетінің 

7М1504-Физика білім беру бағдарламасының;  

Абай атындағы ҚазҰПУ; Алматы, Қазақстан 

 
2аға оқытушы;  

Абай атындағы ҚазҰПУ; Алматы, Қазақстан 

 

 

 

 

Аңдатпа. Бұл мақалада орта мектепте физиканың «Жылу физикасы» бөлімін оқыту 

барысында оқушыларды эксперименттік есептерді шығаруға үйрету əдістемесі 

қарастырылады. Эксперименттік есептердің теориялық білімді практикалық əрекетпен 

байланыстырудағы мүмкіндіктері талданады. Жылу құбылыстарын меңгертуде 

температураны өлшеу, жылу мөлшерін анықтау, меншікті жылусыйымдылықты есептеу, 

жылу балансын зерттеу жəне булану құбылысын тəжірибе арқылы бақылауға арналған 

тапсырмалар ұсынылады. Эксперименттік есепті орындаудың кезеңдік алгоритмі: есеп 

шартын талдау, физикалық құбылысты анықтау, қажетті шамаларды белгілеу, тəжірибені 

жоспарлау, өлшеулер жүргізу, нəтижелерді өңдеу, теориялық мəнмен салыстыру жəне 

қорытынды жасау ретінде жүйеленді. Сонымен қатар оқушылардың дайындық деңгейіне 

сəйкес эксперименттік тапсырмаларды ұйымдастыру жолдары көрсетіледі. Ұсынылған 

əдістеме оқушылардың өлшеу, есептеу, талдау, тəжірибелік нəтижелердің айырмашылық 

себептерін анықтау жəне зерттеушілік қорытынды жасау дағдыларын дамытуға 

бағытталған. 

Кілт сөздер: жылу физикасы, эксперименттік есептер, физикалық эксперимент, жылу 

мөлшері, жылусыйымдылық, жылу балансы, зерттеушілік дағдылар. 

 

 

 

Кіріспе 

Физиканы оқыту барысында оқушылардың теориялық білімдерін 

практикалық əрекетпен ұштастыру маңызды міндеттердің бірі 

болып табылады. Физикалық заңдар мен формулаларды тек 

теориялық тұрғыдан меңгеру оқушының физикалық құбылыстарды 

толық түсінуіне əрдайым мүмкіндік бере бермейді. Сондықтан 

оқу үдерісінде эксперименттік жұмыстар мен эксперименттік 

есептерді қолдану ерекше маңызға ие. 

Эксперименттік есептер оқушыдан дайын формуланы қолдануды 



 
 
 

 

PEDAGOGY AND EDUCATION 

 
 

67 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

ғана емес, физикалық құбылысты бақылауды, өлшеу жүргізуді, 

тəжірибе нəтижелерін тіркеуді, алынған мəліметтерді өңдеуді 

жəне қорытынды жасауды талап етеді. Мұндай тапсырмалар 

оқушылардың өздігінен жұмыс істеуін, логикалық ойлауын жəне 

зерттеушілік қабілеттерін дамытуға мүмкіндік береді. 

Эксперименттік есептерді шешу барысында оқушылар 

физикалық құралдармен жұмыс істеу, өлшеу нəтижелерін 

салыстыру жəне тəжірибелік шамалардың теориялық мəндерден 

ауытқуын бағалау дағдыларын қалыптастырады. Эксперименттік 

тапсырмаларды ұйымдастырудың теориялық жəне əдістемелік 

негіздері физиканы оқыту əдістемесіне арналған еңбектерде 

қарастырылған [1–3, 6]. 

Эксперименттік есептерді орындауда өлшеу əдістерін 

меңгеру, тəжірибені жоспарлау жəне алынған нəтижелерді 

өңдеу маңызды орын алады [4]. Сонымен бірге молекулалық 

физика мен термодинамикада ішкі энергия, жылу мөлшері, жылу 

алмасу жəне термодинамикалық процестер арасындағы 

байланыстарды тəжірибелік тапсырмалар арқылы қарастыруға 

болады [5]. 

Осыған байланысты мақаланың мақсаты – орта мектепте 

«Жылу физикасы» бөлімін оқыту барысында оқушыларды 

эксперименттік есептерді шығаруға үйретудің əдістемелік 

жолдарын жүйелеу жəне тəжірибелік тапсырмаларды орындау 

алгоритмін ұсыну. 

«Жылу физикасы» бөлімі бойынша эксперименттік есептерді 

шығаруға үйрету әдістемесі 

Эксперименттік есеп – шешу барысында физикалық тəжірибе 

жүргізуді, өлшеу құралдарын пайдалануды жəне алынған 

тəжірибелік нəтижелерді теориялық білім негізінде өңдеуді 

талап ететін есеп түрі. Эксперименттік есептер оқушылардың 

теориялық білімін нақты физикалық құбылыстармен 

байланыстыруға мүмкіндік береді. 

Эксперименттік есептерді шешу барысында оқушы: 

1. есептің шартын талдайды; 

2. зерттелетін физикалық құбылысты анықтайды; 

3. қажетті физикалық шамаларды белгілейді; 

4. қажетті құрал-жабдықтарды таңдайды; 

5. тəжірибені жүргізу жоспарын құрады; 

6. өлшеулер жүргізеді; 

7. алынған нəтижелерді өңдейді; 

8. нəтижелерді теориялық мəндермен салыстырады; 

9. тəжірибелік нəтижелердің айырмашылық себептерін 

талдайды; 

10. қорытынды жасайды. 
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Мұндай құрылым оқушыны дайын алгоритм бойынша ғана əрекет 

етуге емес, эксперименттің мақсатын түсініп, өз əрекетін 

жоспарлауға бағыттайды. С. Д. Варламов, А. Р. Зильберман жəне 

В. И. Зинковский еңбегінде эксперименттік тапсырмаларды 

орындауда өлшеу əдістерін меңгеру, тəжірибені жоспарлау жəне 

алынған нəтижелерді дұрыс рəсімдеу маңызды екендігі 

көрсетіледі [4]. 

Меншікті жылусыйымдылықты анықтауға арналған 

эксперименттік есеп 

«Жылу физикасы» бөлімінде эксперименттік есептердің 

маңызды бағыттарының бірі – дененің меншікті жылусыйымдылығын 

анықтау. 

Меншікті жылусыйымдылық заттың температурасын бір 

градусқа өзгерту үшін қажетті жылу мөлшерін сипаттайды. Жылу 

мөлшері: 

Q = cmΔt 

формуласы арқылы анықталады. 

Мұндағы Q – жылу мөлшері, c – меншікті жылусыйымдылық, m 

– дененің массасы, Δt – температура өзгерісі.  

Осы теориялық білімді тəжірибелік əрекетпен байланыстыру 

мақсатында оқушыларға дененің меншікті жылусыйымдылығын 

анықтауға арналған эксперименттік есеп ұсынуға болады. Мұндай 

тапсырма оқушыдан физикалық шамаларды өлшеуді, тəжірибе 

нəтижелерін тіркеуді жəне алынған мəліметтерді жылу балансы 

теңдеуі арқылы өңдеуді талап етеді. 

Эксперименттік есеп.  

Массасы m1 = 0,2 кг алюминий дене t1 = 80 °C температураға 

дейін қыздырылып, массасы m2 = 0,3 кг, температурасы t2 = 20 

°C суға салынды. Жылу алмасу нəтижесінде судың жəне алюминий 

дененің соңғы температурасы t = 27,5 °C болды. Судың меншікті 

жылусыйымдылығы c2 = 4200 Дж/(кг·°C). Əдістемелік мысал 

ретінде берілген мəліметтер бойынша алюминийдің меншікті 

жылусыйымдылығын анықтаңдар. 

Эксперименттік есепті орындау барысы: 

1. Тəжірибенің мақсатын анықтау. 

Бұл əдістемелік есептің мақсаты – жылу алмасу құбылысына 

сүйене отырып, алюминийдің меншікті жылусыйымдылығын анықтау 

жəне жылу балансы теңдеуін қолдану. 

2. Қажетті шамаларды анықтау. 

Есеп шартында алюминий дененің массасы, оның бастапқы 

температурасы, судың массасы мен бастапқы температурасы жəне 

жылу алмасудан кейінгі соңғы температура берілген. 

3. Физикалық құбылысты талдау. 

Қыздырылған алюминий дене суға батырылған кезде 
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алюминийден суға жылу беріледі. Жылу алмасу нəтижесінде екі 

дененің температурасы теңеседі. Идеалдандырылған жағдайда 

қоршаған ортамен жылу алмасу ескерілмейді. 

4. Жылу балансын құру. 

Энергияның сақталу заңына сəйкес алюминийдің берген жылу 

мөлшері судың алған жылу мөлшеріне тең: 

Qбер = Qал 

Сондықтан жылу балансының теңдеуін: 

c1m1(t1 − t) = c2m2(t − t2) 

түрінде жазамыз. 

5. Белгісіз шаманы анықтау. 

Есептің шарты бойынша алюминийдің меншікті 

жылусыйымдылығы c1 белгісіз. Оны жоғарыдағы теңдеуден 

өрнектейміз: 

c1 = [c2m2(t − t2)] / [m1(t1 − t)] 

6. Берілген мəндерді формулаға қою. 

c1 = [4200 · 0,3 · (27,5 − 20)] / [0,2 · (80 – 27,5)] 

Алдымен температуралардың айырмасын анықтаймыз: 

27,5 − 20 = 7,5 °C 

80 – 27,5 = 52,5  °C 

Сонда: 

c1 = [4200 · 0,3 · 7,5] / [0,2 · 52,5] 

c1 = 9450 / 10,5 

c1 = 900 Дж/(кг·°C) 

Жауабы: 

c1 = 900 Дж/(кг·°C) 

7. Нəтижені талдау. 

Алынған есептік мəн алюминийдің меншікті 

жылусыйымдылығының теориялық мəнімен салыстырылады. Нақты 

тəжірибе жүргізілген жағдайда алынған мəн теориялық мəннен 

өзгеше болуы мүмкін. Бұған қоршаған ортамен жылу алмасу, 

ыдыстың жылусыйымдылығы, температураны өлшеу дəлдігі жəне 

тəжірибені орындау жағдайлары əсер етеді. 

8. Қорытынды жасау. 

Тəжірибелік есепті орындау барысында оқушы жылу мөлшерін 

анықтау формуласын қолданады, жылу балансының теңдеуін 

құрады, берілген мəліметтерді есептеулерде пайдаланады жəне 

алынған нəтижеге талдау жасайды. Осылайша, тапсырма теориялық 

білімді нақты тəжірибелік əрекетпен байланыстырып, 

оқушылардың өлшеу, есептеу, салыстыру жəне қорытынды жасау 

дағдыларын қалыптастыруға мүмкіндік береді. 

Бұл есептің əдістемелік ерекшелігі – оқушыға дайын сандық 

мəліметтерді формулаға жай ғана қойғызумен шектелмей, 

тəжірибенің мақсатын анықтау, қажетті шамаларды белгілеу, 
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жылу алмасу процесін түсіндіру, өлшеу нəтижелерін өңдеу жəне 

алынған нəтижені бағалау кезеңдерін бірізді орындауға 

мүмкіндік беруінде. 

Жылу балансын зерттеуге арналған эксперименттік тапсырма 

Жылу балансы тақырыбы оқушыларға жылу алмасу кезінде 

энергияның сақталу заңын тəжірибе арқылы түсіндіруге 

мүмкіндік береді. 

Жылу алмасу кезінде: 

Qбер = Qал 

теңдігі орындалады. 

Мысалы, əртүрлі температурадағы екі суды араластырған 

кезде олардың арасында жылу алмасу жүреді. Тəжірибе барысында 

бастапқы температуралар жəне араласқаннан кейінгі соңғы 

температура өлшенеді. 

Қарапайым жағдайда жылу балансы: 

m1c(t1 − t) = m2c(t − t2) 

теңдеуімен сипатталады. 

Оқушы алынған тəжірибелік нəтижені есептік мəнмен 

салыстырып, олардың айырмашылығына əсер ететін себептерді 

талдайды. 

Булану құбылысын зерттеуге арналған эксперименттік 

тапсырма 

Булану тақырыбында эксперименттік есеп оқушыларға 

сұйықтықтың массасының уақыт бойынша өзгерісін бақылауға 

мүмкіндік береді. 

Булану нəтижесінде сұйықтық массасының өзгерісі: 

Δm = m0 − m 

формуласы арқылы анықталады. 

Булану жылдамдығын: 

v = Δm / Δt 

өрнегімен есептеуге болады. 

Мұнда m0 – судың бастапқы массасы, m – белгілі уақыттан 

кейінгі массасы, Δt – тəжірибе уақыты. 

Оқушы тəжірибе жағдайларын өзгерте отырып, булану 

жылдамдығына əсер ететін факторларды анықтай алады. Мысалы, 

сұйықтықтың температурасы, ашық беттің ауданы жəне ауа 

қозғалысы сияқты жағдайлардың əсерін салыстыруға 

болады. 

Тəжірибені орындау кезеңдері: 

1. ыдыстарды дайындау; 

2. судың бастапқы массасын өлшеу; 

3. тəжірибенің уақытын белгілеу; 

4. белгіленген уақыт ішінде тəжірибені жүргізу; 

5. судың соңғы массасын өлшеу; 
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6. масса өзгерісін анықтау; 

7. булану қарқындылығын есептеу; 

8. əртүрлі жағдайлардағы нəтижелерді салыстыру; 

9. булануға əсер ететін факторларды анықтау; 

10. қорытынды жасау. 

Бұл тəжірибе оқушылардың тəуелсіз жəне тəуелді шамаларды 

ажыратуына, тəжірибе шарттарын басқаруына жəне алынған 

нəтижелерді салыстыруына мүмкіндік береді. 

Оқушылардың дайындық деңгейіне сәйкес эксперименттік 

тапсырмаларды ұйымдастыру 

Эксперименттік есептерді барлық оқушыға бірдей 

күрделілікте ұсыну тиімді бола бермейді. Оқушылардың 

теориялық дайындығы мен практикалық дағдылары əртүрлі 

болғандықтан, тапсырмаларды күрделілік деңгейіне қарай 

саралап ұйымдастыру қажет. Бастапқы деңгейдегі тапсырмалар 

оқушының қарапайым бақылау жəне өлшеу əрекеттерін 

орындауына бағытталса, келесі деңгейде тəжірибелік 

мəліметтерді формулалар арқылы өңдеу жəне есептеу жұмыстары 

орындалады. Ал жоғары деңгейдегі тапсырмалар оқушыдан 

тəжірибенің мақсатын өздігінен анықтауды, болжам 

жасауды, тəжірибе жоспарын құруды, алынған нəтижелерді 

талдауды жəне негізделген қорытынды жасауды талап етеді 

(1-кесте). 

1-кесте 
Оқушылардың дайындық деңгейіне сәйкес эксперименттік 

тапсырмаларды ұйымдастыру 

Деңгей Оқушы әрекеті Тапсырма  

I деңгей – 

бастапқы 

Бақылайды, 

өлшейді, нəтижені 

тіркейді 

Судың бастапқы жəне 

соңғы 

температурасын 

өлшеу 

II деңгей – 

қолданбалы 

Өлшейді, формуланы 

таңдайды, 

есептейді 

Заттың меншікті 

жылусыйымдылығын 

анықтау 

III деңгей – 

зерттеушілік 

Болжам жасайды, 

тəжірибені 

жоспарлайды, 

нəтижені талдайды 

Булану жылдамдығына 

əсер ететін 

факторды анықтау 

 

Эксперименттік есептерді шығаруға үйретуде қолданылатын 

әдістемелік тәсілдер 

Эксперименттік есептерді тиімді шешу дағдыларын 

қалыптастыру үшін бірнеше əдістемелік тəсілді жүйелі түрде 

қолдануға болады (2-кесте). 
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2-кесте 
Эксперименттік есептерді шығаруға үйретуде қолданылатын 

әдістемелік тәсілдер 

№ Әдістемелік тәсіл Мақсаты 

1) Теория мен практиканы 

байланыстыру 

Формуланың 

физикалық мағынасын 

түсіндіру 

2) Проблемалық-зерттеушілік əдіс Оқушының өздігінен 

шешім іздеуін 

дамыту 

3) Көрнекілік жəне цифрлық 

құралдар 

Өлшеу мен нəтижені 

түсінуді жеңілдету 

4) Деңгейлеп оқыту Оқушы мүмкіндігіне 

сəйкес тапсырма 

беру 

5) Қайталау жəне нəтижелерді 

салыстыру 

Өлшеу дəлдігін 

арттыру 

6) Жеке бақылау жəне түзету Қателерді уақытында 

анықтау 

7) Рефлексия Зерттеу нəтижесін 

саналы бағалау 

 

Теория мен практиканы байланыстыру кезінде оқушыға 

алдымен физикалық заңдылық түсіндіріліп, кейін сол заңдылықты 

тəжірибе арқылы тексеруге мүмкіндік беріледі. 

Проблемалық-зерттеушілік əдісте дайын шешім берілмейді. 

Оқушыға белгілі бір мəселе ұсынылып, оны тəжірибе арқылы шешу 

жолын анықтау ұсынылады. 

Көрнекілік жəне цифрлық құралдарды қолдану өлшеу 

нəтижелерін кесте, график немесе басқа да визуалды түрде 

көрсетуге мүмкіндік береді. 

Деңгейлеп оқыту əртүрлі дайындықтағы оқушылардың бір 

тақырып бойынша өз мүмкіндігіне сəйкес жұмыс істеуіне жағдай 

жасайды. 

Қайталау жəне нəтижелерді салыстыру тəжірибелік 

деректердің сенімділігін арттыруға мүмкіндік береді. Ал жеке 

бақылау барысында мұғалім оқушының қандай кезеңде қиналғанын 

анықтап, қажетті түзету жұмыстарын жүргізеді. 

Рефлексия кезеңінде оқушы өзінің тəжірибені орындау 

барысын бағалап, қандай қиындықтар болғанын жəне келесі 

тəжірибеде нені жақсарту керектігін анықтайды. 

Қорытынды 

Қорытындай келе, орта мектепте физиканың «Жылу физикасы» 

бөлімін оқыту барысында эксперименттік есептерді жүйелі түрде 
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қолдану оқушылардың теориялық білімдерін тəжірибелік 

əрекетпен байланыстыруға жəне физикалық құбылыстарды 

тереңірек түсінуіне мүмкіндік береді. Эксперименттік 

есептерді шығару кезінде оқушылар есеп шартын талдау, 

тəжірибенің мақсатын анықтау, қажетті физикалық шамаларды 

белгілеу, тəжірибені жоспарлау, өлшеулер жүргізу, алынған 

нəтижелерді өңдеу, физикалық формулаларды қолдану, 

тəжірибелік жəне теориялық мəндерді салыстыру, ықтимал 

қателіктердің себептерін анықтау жəне негізделген қорытынды 

жасау сияқты бірізді əрекеттерді меңгереді. «Жылу физикасы» 

бөлімінде меншікті жылусыйымдылықты анықтау, жылу балансын 

зерттеу жəне булану құбылысын бақылау сияқты эксперименттік 

тапсырмаларды пайдалану оқушылардың өлшеу, есептеу, талдау 

жəне зерттеушілік дағдыларын қалыптастыруға жағдай жасайды. 

Сонымен қатар эксперименттік тапсырмаларды оқушылардың 

дайындық деңгейіне қарай саралап ұйымдастыру қарапайым 

бақылау мен өлшеуден бастап, тəжірибені өздігінен жоспарлау 

жəне нəтижелерді зерттеушілік тұрғыдан талдауға дейін 

біртіндеп күрделендіруге мүмкіндік береді. Осы тұрғыдан 

алғанда, эксперименттік есептерді оқыту барысында тек дайын 

формуланы қолдануға емес, оқушының өздігінен ізденуіне, 

тəжірибелік деректермен жұмыс істеуіне жəне алынған 

нəтижелерді физикалық тұрғыдан түсіндіруіне басымдық беру 

қажет. Ұсынылған əдістемелік тəсілдер «Жылу физикасы» 

бөліміндегі оқу материалын практикалық тұрғыдан меңгертуге, 

оқушылардың физика пəніне қызығушылығын арттыруға жəне 

олардың эксперименттік-зерттеушілік құзыреттерін жүйелі түрде 

дамытуға бағытталған. 
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Abstract. This article provides a critical analytical synthesis of contemporary 

approaches to the use of digital resources in the education of children who are 

blind or have low vision. The analysis moves beyond a technology-centred 

understanding of digitalization and treats accessibility as a pedagogical design 

principle that must be embedded in curriculum, instructional interaction and 

assessment. Drawing on recent systematic and scoping reviews, accessibility 

standards and Universal Design for Learning (UDL), the paper systematizes digital 

resources into six interrelated groups: accessible textual resources, screen-

reader and refreshable-Braille environments, audio and audio-described content, 

tactile-digital and multimodal resources, mobile and cloud-based learning tools, 

and emerging AI-supported interfaces. Particular attention is given to the 

distinction between formal technical accessibility and meaningful educational 

accessibility. A resource may comply with technical requirements yet remain 

pedagogically inaccessible when navigation is cognitively overloaded, visual 

information lacks an equivalent representation, tasks depend on drag-and-drop 

interaction, or teachers do not explicitly teach the assistive-technology skills 

required for independent use. The article proposes a pedagogical model based on 

four principles: multimodal equivalence, learner-controlled adaptability, 

compatibility with assistive technologies, and purposeful integration with 

corrective-developmental objectives. It is argued that effective digital 

inclusion requires coordinated work by classroom teachers, teachers of students 

with visual impairments, families, developers and support specialists. The paper 

concludes with practical criteria for selecting and designing digital resources 

and identifies research priorities related to learner autonomy, long-term 

outcomes, AI accessibility, multilingual resources and evidence from school-age 

populations. 

Keywords: visual impairment, blindness, low vision, digital resources, assistive 

technology, accessibility, inclusive education, Universal Design for Learning, 

screen reader, digital pedagogy. 
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Introduction 

Digital transformation has changed the architecture of 

schooling: textbooks are increasingly complemented by learning-

management systems, interactive platforms, mobile applications, 

digital libraries, simulations, multimedia and AI-supported 

services. For children with visual impairments, however, the 

educational value of this transformation is not determined by 

the mere presence of technology. It depends on whether digital 

content can be perceived, navigated, interpreted and used 

independently through vision, hearing, touch or a combination 

of these modalities. A recent scoping review of digital 

accessibility for people with visual impairment and blindness, 

based on 49 included studies, showed that many applications and 

websites continue to communicate essential information visually 

without equivalent alternatives for users of assistive 

technologies [1]. Thus, digitalization can reduce barriers, but 

it can also reproduce or intensify them. 

The educational problem is especially important because 

access is not identical to participation. A learner may 

technically open an electronic textbook and still be unable 

to locate headings efficiently with a screen reader, 

understand an unlabeled diagram, complete a visually 

structured matching task, or submit an answer through an 

inaccessible interface. In this sense, the central 

methodological question is not “Which technology should be 

used?” but “How should digital resources be pedagogically 

designed and integrated so that a learner with visual 

impairment can construct knowledge, act independently and 

demonstrate achievement on equitable terms?” 

The relevance of this question is reinforced by evidence 

from rehabilitation and educational research. A systematic 

review of interventions for visually impaired and blind 

adolescents found that most identified studies focused on 

making curriculum content more accessible through audio, 

tactile or electronic means, while the overall evidence base 

remained limited and heterogeneous [2]. The finding is 

methodologically significant: educational practice is 

developing faster than the body of rigorous evidence that can 

guide decisions. Therefore, a contemporary framework should 

combine available empirical findings with established 

accessibility standards, principles of special pedagogy and 

learner-centred instructional design. 

The purpose of this article is to systematize contemporary 

approaches to the use of digital resources in teaching 
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children with visual impairments and to formulate pedagogical 

conditions under which digital technologies support not only 

access to information but also comprehension, autonomy, 

participation and educational achievement. The objectives 

are: (1) to clarify the conceptual distinction between digital 

availability, technical accessibility and pedagogical 

accessibility; (2) to classify the principal types of digital 

resources used with blind and low-vision learners; (3) to 

identify methodological principles for their selection and 

adaptation; (4) to examine current barriers and risks; and 

(5) to propose a practice-oriented model for integrating 

digital resources into inclusive and special education. 

Methodological Framework 

The article is a conceptual and analytical review rather 

than an empirical intervention study. Its methodological basis 

combines comparative analysis, synthesis and pedagogical 

interpretation of recent peer-reviewed reviews and studies, 

together with internationally recognized accessibility and 

instructional-design guidance. Priority was given to sources 

published from 2023 onward that directly address visual 

impairment, assistive technology, digital accessibility or 

inclusive digital learning, while foundational normative 

frameworks were used to define design principles. 

Two complementary frameworks structure the analysis. 

First, the Web Content Accessibility Guidelines (WCAG) 2.2 

organize digital accessibility around four principles: 

content should be perceivable, operable, understandable and 

robust [3]. These principles are technically oriented but 

pedagogically consequential. Second, CAST’s Universal Design 

for Learning Guidelines 3.0 emphasize reducing barriers 

through multiple means of representation, action and 

expression, and engagement; the 2024 revision explicitly 

strengthens attention to exclusionary systems and learner 

agency [4]. For children with visual impairments, these 

frameworks converge around a key requirement: information and 

learning activity must not depend on a single sensory channel 

or a single mode of interaction. 

The analysis also adopts a typhlopedagogical perspective. 

Visual impairment changes the conditions under which 

information is acquired, not the learner’s entitlement to 

conceptual complexity. Consequently, adaptation should 

preserve the cognitive goal while modifying the perceptual 

route, the interaction mechanism or the response format. This 

distinction is crucial. Replacing a complex map with a 
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simplified verbal summary may make a task easier, but it can 

also remove spatial reasoning from the learning objective. 

High-quality adaptation therefore seeks functional 

equivalence rather than curricular reduction. 

From Technical Accessibility to Pedagogical Accessibility 

Digital accessibility is frequently treated as a 

compliance issue: alternative text is added to images, 

keyboard navigation is enabled, contrast is increased and form 

controls are labeled. These measures are indispensable, but 

they represent only the first layer of access. WCAG 2.2 defines 

testable success criteria under the four principles of 

perceivability, operability, understandability and robustness 

[3]. Yet educational accessibility additionally requires that 

the resource support the learner’s actual cognitive task. A 

technically accessible interface may still impose excessive 

navigation, fragment information into poorly ordered elements, 

or provide alternative text that names an image without 

explaining its educationally relevant relationships. 

Pedagogical accessibility can therefore be understood as 

the degree to which a digital resource enables a learner to 

reach the intended learning outcome with reasonable effort, 

appropriate independence and no unnecessary sensory barrier. 

This definition shifts attention from the file or application 

alone to the interaction among learner, task, assistive 

technology, teacher support and curriculum. CAST similarly 

stresses that providing a tool is not sufficient; learners 

may need explicit support to use accessible and assistive 

technologies effectively, while instructional technologies 

should not create barriers to those tools [5]. 

This distinction has direct implications for teacher 

practice. Before assigning a digital resource, the teacher 

should test not only whether it opens with a screen reader or 

can be magnified, but whether the sequence of headings is 

logical, interactive controls are announced correctly, visual 

relationships are represented meaningfully, time limits are 

adjustable, and the learner can complete the task without 

continuous sighted mediation. Independence should be treated 

as an instructional outcome, not merely a convenience. 

A Contemporary Typology of Digital Resources 

Current digital resources for learners with visual 

impairments can be grouped according to the dominant mode of 

access and the pedagogical function they perform. The 

categories overlap in practice, and the most effective 

learning environments typically combine several of them. 
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Table 1 
Functional classification of digital resources 

for teaching learners with visual impairments. 

Resource group Examples 
Pedagogical 

function 
Key accessibility 

conditions 

Accessible text 

and e-books 

Structured 

HTML/EPUB, 

accessible 

PDF/DOCX, 

digital 

libraries 

Reading, 

searching, note-

taking, 

independent 

study 

Semantic 

headings; 

correct reading 

order; reflow; 

text 

alternatives; 

keyboard access 

Screen-reader 

and Braille 

environments 

Screen readers, 

refreshable 

Braille 

displays, 

Braille 

notetakers 

Literacy, 

navigation, 

writing, 

information 

retrieval 

Meaningful 

labels; keyboard 

operability; 

predictable 

focus; 

compatible 

math/symbol 

notation 

Audio and 

audio-described 

resources 

Audiobooks, 

podcasts, 

narrated 

lessons, audio 

description 

Concept 

introduction, 

review, access 

to visual events 

Concise 

educational 

description; 

navigation by 

section; 

transcript; 

learner-

controlled 

playback 

Tactile-digital 

and multimodal 

resources 

Tactile graphics 

with audio 

labels, haptic 

interfaces, 3D 

models, 

tangible-audio 

systems 

Spatial 

concepts, STEM, 

diagrams, maps, 

object relations 

Tactile clarity; 

audio-tactile 

correspondence; 

guided 

exploration; 

manageable 

information 

density 

Mobile and 

cloud learning 

Accessible apps, 

LMS, 

collaborative 

documents, cloud 

storage 

Communication, 

homework, 

formative 

assessment, 

collaboration 

Large targets; 

clear 

navigation; 

scalable text; 

contrast; 

feedback; 

screen-reader 

compatibility 

AI-supported 

resources 

OCR, image 

description, 

conversational 

interfaces, text 

simplification, 

speech 

technologies 

Rapid access, 

explanation, 

drafting, 

navigation 

support 

Human 

verification; 

privacy; bias 

awareness; age-

appropriate use; 

accessible 

interface 
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Accessible Text, Screen Readers and Refreshable Braille 

For blind learners, accessible text remains the 

foundation of digital academic participation. Screen readers 

transform interface elements and text into synthesized 

speech, while refreshable Braille displays provide tactile 

access to the same digital information. These technologies 

are most effective when documents have semantic structure 

rather than merely visual formatting. Headings, lists, 

tables, links and form fields should be encoded so that 

assistive technology can identify their roles. A visually 

attractive worksheet that consists of text boxes positioned 

on a page may be substantially less accessible than a simpler 

document with a clear heading hierarchy and linear reading 

order. 

Refreshable Braille has a distinctive pedagogical value 

because it preserves orthographic, punctuation and spatial 

information that may be less salient in continuous speech 

output. For beginning readers and for tasks requiring precise 

spelling, terminology or symbolic notation, audio and Braille 

should be viewed as complementary rather than competing 

channels. The methodological decision should be driven by the 

learning goal: rapid information retrieval may favor speech, 

whereas detailed linguistic analysis may require tactile 

reading. 

Teachers should also teach digital navigation explicitly. 

Efficient use of headings, landmarks, search commands, links, 

tables and keyboard shortcuts is part of contemporary 

functional literacy. Without these skills, an accessible 

resource may remain slow and cognitively demanding. The 

pedagogical task is therefore twofold: make the content 

accessible and develop the learner’s competence to exploit 

that accessibility independently. 

Audio, Audio Description and Multimodal Representation 

Audio resources are among the most established means of 

compensating for inaccessible visual information, but 

effective educational audio is more than reading text aloud. 

Audio description should identify the features and 

relationships that are relevant to the learning objective. 

For example, when a diagram shows the water cycle, a useful 

description must communicate sequence, direction and causal 

relationships, not merely list the visible labels. Similarly, 

an educational video should provide access to demonstrations, 

gestures, changes on a graph and other visually conveyed 

information that carries meaning. 
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UDL 3.0 explicitly recommends offering information 

through different modalities and allowing users to adjust 

presentation; it also emphasizes multiple representations as 

a means of supporting perception and meaning-making [4, 6]. 

For learners with low vision, this may involve synchronized 

text, magnification, high contrast and audio. For blind 

learners, it may involve structured text, speech, Braille and 

tactile graphics. The principle is not maximal sensory 

stimulation but purposeful redundancy: the same essential 

concept should remain available through more than one viable 

route. 

Tactile-Digital and Haptic Approaches 

Digital learning is often mistakenly associated with 

screen-based interaction. For learners with visual 

impairments, some of the most promising approaches integrate 

tangible, tactile and auditory information. Research in STEM 

has explored tactile graphics, haptic applications, talking 

tactile devices and 3D-printed models. A systematic review of 

educational rehabilitation initiatives noted a concentration 

of studies on making STEM content accessible through tactile, 

haptic and electronic devices, although the evidence base 

remains small [2]. More recent qualitative research with 

visually impaired learners found that combining tangible 

objects with audio in playful STEM activities supported 

interest and conceptual understanding [7]. 

The methodological advantage of tactile-digital resources 

lies in their capacity to externalize spatial relationships. 

A tactile map can represent position and distance; a 3D model 

can make shape and structure explorable; an audio-tactile 

interface can connect a touched region with verbal 

information. Yet tactile graphics are not self-explanatory. 

Learners need systematic instruction in scanning strategies, 

reference points, legends, orientation and the relationship 

between a model and the represented object. Digital 

enhancement should therefore be embedded in a sequence of 

guided exploration, verbalization, comparison and independent 

application. 

Mobile Learning and Learner Agency 

Smartphones and tablets have become multifunctional 

accessibility platforms because they combine magnification, 

text-to-speech, OCR, voice input, camera-based recognition, 

note-taking and communication. Their educational significance 

is enhanced by portability: the same device can support 

reading in class, navigation during an excursion, 
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photographing enlarged material, accessing cloud documents 

and communicating with teachers. However, touchscreen 

interfaces can also create barriers when controls are 

unlabeled, gestures are complex, or information is organized 

primarily by visual position. 

Evidence on mobile learning suggests that accessibility 

alone does not determine sustained use. A 2025 study of 

visually impaired university students found that competence 

and relatedness were important in technology acceptance, 

highlighting the role of skills mastery and social support 

[8]. Although the participants were adults, the implication 

for school education is relevant: teachers should not assume 

that children automatically acquire effective assistive-

technology strategies simply because they use smartphones. 

Structured instruction, peer support and repeated successful 

use are necessary to transform a device from a compensatory 

aid into a learning tool. 

User-centred design is equally important. Research on a 

mobile e-learning application for visually impaired children 

reported improved task completion and satisfaction after 

interface modifications and emphasized clear navigation, 

contrast, immediate feedback, appropriate button and text 

size [9]. These features illustrate a broader principle: 

accessibility should be designed from the beginning and 

validated with users, not added after the pedagogical product 

has been completed. 

Artificial Intelligence as an Emerging Accessibility Layer 

Artificial intelligence is rapidly becoming an additional 

layer of digital accessibility. OCR can convert printed 

material into editable text; image-description systems can 

provide preliminary verbal access to photographs and 

diagrams; conversational interfaces can explain unfamiliar 

terms; speech recognition can reduce the motor and visual 

demands of text entry; and generative systems can reformat 

content into more accessible representations. A 2026 

systematic review of NLP-powered assistive technologies for 

visually impaired students reported substantial progress in 

speech recognition, text-to-speech, conversational interfaces 

and multilingual processing, while also identifying limited 

evidence on long-term educational integration, learner 

autonomy and institutional sustainability [10]. 

These tools should be treated as assistive mediators 

rather than authoritative sources. Automated descriptions may 

omit educationally important detail or introduce errors; OCR 
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quality depends on image and document quality; generative 

systems may produce plausible but inaccurate explanations. 

For children, additional issues include privacy, data 

protection, age-appropriate interaction and overreliance on 

automated assistance. The teacher’s role therefore expands 

from selecting resources to teaching verification strategies: 

comparing AI output with source material, checking key facts, 

identifying uncertainty and deciding when human assistance is 

necessary. 

A Pedagogical Model for Integrating Digital Resources 

On the basis of the reviewed evidence and accessibility 

frameworks, four interdependent principles can guide the 

integration of digital resources in teaching children with 

visual impairments. 

First, multimodal equivalence requires that essential 

information be available through functionally equivalent 

perceptual routes. The aim is not to duplicate every visual 

feature verbally, but to preserve the concept, relationship 

or action required by the learning objective. Second, learner-

controlled adaptability means that the learner should be able 

to enlarge text, adjust contrast and spacing, change playback 

speed, choose speech or Braille where appropriate, and 

navigate content nonlinearly. Third, assistive-technology 

compatibility requires resources to work predictably with 

screen readers, keyboards, magnification and Braille devices. 

Fourth, corrective-developmental integration means that 

digital tools should simultaneously support curriculum 

learning and relevant functional skills such as tactile 

discrimination, visual efficiency, spatial orientation, 

independent information search and communication. 

These principles can be operationalized through a five-

stage instructional cycle: diagnostic analysis of the learner 

and task; selection or creation of an accessible resource; 

pre-teaching of navigation and concepts; supported then 

increasingly independent use; and evaluation of both academic 

outcome and accessibility experience. This cycle prevents a 

common methodological error—evaluating only whether the child 

answered correctly while ignoring whether the child could 

access and complete the task independently. 

Criteria for Selecting a Digital Resource 

A practical selection procedure should begin with the 

learning objective and then examine accessibility. Teachers 

and support specialists may use the following questions: Does 

the resource preserve the intended cognitive demand? Can all 
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essential information be perceived without relying 

exclusively on vision? Can the learner navigate and operate 

it using their established assistive technology? Is the 

structure predictable? Are images, diagrams and multimedia 

supplied with meaningful equivalents? Can text size, 

contrast, audio speed or display settings be adjusted? Is 

sufficient time available for nonvisual navigation? Can the 

learner produce and submit a response accessibly? Does the 

resource protect privacy and avoid unnecessary collection of 

personal data? Finally, can the learner use it with decreasing 

adult mediation? 

The last criterion is particularly important. A resource 

that consistently requires a sighted adult to identify 

buttons, interpret images or correct focus order may create 

a hidden dependency. Digital inclusion should increase 

agency. CAST’s current UDL framework identifies learner 

agency as a central goal and recommends optimizing access to 

accessible and assistive technologies while maintaining the 

intellectual challenge of the learning goal [4, 5]. 

Barriers, Risks and Conditions for Effective Implementation 

The principal barriers are not exclusively technological. 

They include inaccessible procurement practices, limited 

teacher competence, fragmented responsibility between 

classroom teachers and specialists, insufficient time for 

accessible material preparation, lack of multilingual 

resources, inconsistent internet access and weak mechanisms 

for learner feedback. The 2024 scoping review of digital 

accessibility emphasized that inaccessible design remains 

widespread and that formal guidelines alone do not capture 

every difficulty reported by users with visual impairment 

[1]. This suggests that compliance testing should be 

supplemented by authentic user testing. 

A second risk is technological substitution: replacing 

direct experience, tactile exploration, social interaction or 

mobility with screen-based content merely because it is 

convenient. Digital resources should extend access, not 

narrow the sensory and social basis of learning. In subjects 

involving the natural and social world, a digital model is 

most powerful when connected to real objects, field 

observation, movement, discussion and practical action. 

A third risk concerns unequal competence among adults. If 

only the specialist teacher understands screen-reader 

navigation or accessible document creation, the learner’s 

participation becomes vulnerable whenever that specialist is 
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absent. Sustainable practice requires distributed competence: 

classroom teachers should master basic accessible-design 

principles; teachers of students with visual impairments 

should provide specialized assessment and instruction; 

families should understand the learner’s key tools without 

becoming permanent intermediaries; and technical staff should 

ensure platform compatibility. 

Discussion 

The contemporary development of digital education for 

children with visual impairments can be characterized by a 

transition from isolated assistive devices toward integrated 

accessibility ecosystems. Earlier models often positioned 

assistive technology as an individual adaptation added to a 

mainstream learning environment. Current approaches 

increasingly emphasize accessible-by-design platforms, 

interoperability, multimodal representation and learner agency. 

This shift corresponds with UDL 3.0 and with the broader 

understanding of accessibility as a property of the educational 

environment rather than a deficit located in the learner [4]. 

At the same time, the evidence cautions against 

technological optimism. The systematic review of educational 

rehabilitation for visually impaired adolescents identified 

only ten eligible studies from 3,210 screened records and 

judged the evidence insufficient for firm decision-making 

[2]. The digital-accessibility scoping review documented 

persistent barriers across applications and websites [1]. 

These findings indicate a paradox: the number and 

sophistication of technologies are increasing, but high-

quality evidence on their long-term educational impact, 

transfer to independent learning and implementation at scale 

remains comparatively limited. 

For pedagogy, the implication is clear. The quality of 

digital inclusion should be evaluated through a 

multidimensional lens: technical accessibility, cognitive 

accessibility, curricular alignment, independence, 

efficiency, participation and learner experience. A child who 

can technically access a platform but requires 

disproportionate time, constant assistance or repeated 

workarounds is not experiencing equivalent access. 

Conversely, a well-designed digital environment can provide 

advantages that are difficult to achieve in print: instant 

enlargement, rapid search, synchronized speech and Braille, 

personalized display, reusable tactile-audio links and 

immediate formative feedback. 
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Future research should prioritize school-age populations, 

longitudinal designs and ecologically valid classroom 

outcomes. Particular attention is needed to AI-supported 

image description, accessible mathematics and science 

notation, multilingual screen-reader resources, tactile-

digital learning, accessible assessment and the transition 

from supported access to autonomous learning. Studies should 

report not only task accuracy but also time, cognitive load, 

independence, user preference, retention and transfer. Co-

design with blind and low-vision learners is essential if 

research is to move from technologies that are theoretically 

accessible to resources that are educationally meaningful. 

Conclusion 

Digital resources can substantially expand educational 

opportunities for children with visual impairments, but their 

effectiveness depends on pedagogical design rather than 

technological novelty. Contemporary practice should integrate 

accessible text, speech, Braille, magnification, tactile-

digital representations, mobile tools and emerging AI systems 

within a coherent instructional strategy. The decisive 

criterion is functional equivalence: the learner must be able 

to perceive essential information, operate the resource, 

construct meaning, act with growing independence and 

demonstrate the intended learning outcome without unnecessary 

sensory barriers. 

Accordingly, the modern teacher’s task is not simply to 

“use digital technologies” but to design an accessible 

learning pathway. This requires collaboration among classroom 

teachers, teachers of students with visual impairments, 

families, developers and support specialists; explicit 

instruction in assistive-technology competence; and 

continuous evaluation of the learner’s experience. When 

accessibility is embedded at the stage of planning rather 

than added after difficulties arise, digital resources become 

not compensatory accessories but instruments of 

participation, agency and equitable learning. 
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Аңдатпа. Мақалада логопедиялық сабақтарда нейрожаттығуларды қолданудың теориялық 

жəне практикалық мүмкіндіктері қарастырылады. Ғылыми еңбектерді салыстырмалы 

талдау негізінде нейрожаттығулардың құрылымдық компоненттері, негізгі түрлері, 

жас ерекшелігіне қарай қолдану бағыттары жəне түзете-дамыту жұмысына енгізудің 

педагогикалық шарттары жүйеленеді. 

Түйін сөздер: логопедия, нейрожаттығу, сөйлеу бұзылысы, сенсомоторлық даму, 

фонематикалық қабылдау, артикуляция, түзете-дамыту жұмысы. 

 

 

 

Кіріспе 

Қазіргі логопедияда сөйлеу бұзылыстарын түзету дыбысты 

дұрыс айту дағдысын қалыптастырумен ғана шектелмейді. Сөйлеу 

əрекеті артикуляциялық қозғалыстардың, есту арқылы 

ажыратудың, тыныс алудың, қимылды жоспарлаудың, зейін мен 

жұмыс жадының жəне тілдік операциялардың өзара байланысына 

сүйенеді. А.Р. Лурия жоғары психикалық функцияларды бірнеше 

ми жүйесінің бірлескен қызметі арқылы іске асатын күрделі 

функционалдық жүйелер ретінде қарастырды [1]. Н.А. Бернштейн 

қозғалыстың сенсорлық түзетілуі мен біртіндеп 

автоматтандырылуын қимыл əрекетінің маңызды шарты деп 

көрсетті [2]. Осы теориялық ұстанымдар логопедиялық жұмыста 

сөйлеудің сыртқы көрінісін ғана емес, оны қамтамасыз ететін 

моторлық жəне реттеуші процестерді де ескерудің қажеттігін 

негіздейді. 

Практикада «нейрожаттығу» атауымен қимылдық, ырғақтық, 

екіжақты үйлесімділік жəне когнитивтік тапсырмалар ұсынылады. 

Зерттеу проблемасы – оларды логопедиялық мақсатпен функционалдық 

байланыстырудың ғылыми-əдістемелік шарттарын нақтылау. 
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Зерттеудің мақсаты – сөйлеу əрекетінің нейропсихологиялық 

жəне сенсомоторлық негіздері туралы ғылыми еңбектерді талдау 

негізінде логопедиялық сабақтарда нейрожаттығуларды 

қолданудың теориялық негіздерін айқындау, олардың негізгі 

бағыттарын жүйелеу жəне түзете-дамыту үдерісіне енгізудің 

педагогикалық мүмкіндіктерін негіздеу. 

Зерттеу материалдары мен әдістері 

Зерттеу теориялық сипатта жүргізілді. Материал ретінде 

нейропсихология, сөйлеу моторикасы, фонологиялық даму, тілдік 

бұзылыстар жəне атқарушы функциялар саласындағы классикалық 

жəне қазіргі ғылыми еңбектер алынды. Теориялық талдау сөйлеу 

əрекетінің функционалдық негіздерін анықтауға; салыстырмалы 

талдау əртүрлі ғылыми бағыттардағы тұжырымдарды салыстыруға; 

мазмұндық талдау артикуляциялық праксис, сенсомоторлық 

үйлесімділік, фонематикалық қабылдау, жұмыс жады жəне қимылды 

жоспарлау ұғымдарының логопедиялық маңызын жүйелеуге 

қолданылды. Нəтижелер жалпылау жəне құрылымдау əдістері 

арқылы төрт компоненттік модельге біріктірілді. 

Әдебиеттерді талдау 

А.Р. Лурияның нейропсихологиялық тұжырымдамасы сөйлеуді 

оқшауланған қабілет емес, есту, қимыл, есте сақтау жəне 

реттеуші механизмдер қатысатын функционалдық жүйе ретінде 

түсіндіруге мүмкіндік береді [1]. Н.А. Бернштейннің 

қозғалысты құру теориясы қимылдың дəлдігі мен автоматтануы 

сенсорлық кері байланысқа тəуелді екенін көрсетті [2]. Бұл 

екі бағытты салыстыру логопедиялық тапсырмада артикуляциялық 

қимылды механикалық қайталаудан гөрі, мақсатты жəне 

бақыланатын əрекет ретінде ұйымдастыру қажеттігін көрсетеді. 

Р.Е. Левина сөйлеу бұзылыстарының жүйелік сипатын 

негіздеп, тілдің дыбыстық, лексикалық жəне грамматикалық 

компоненттерін өзара байланыста қарастырды [3]. Л.С. Волкова 

логопедия еңбектерінде артикуляциялық жаттығу, сөйлеу, тыныс 

алу, фонематикалық есту жəне моториканы дамыту дəстүрлі 

түзету жұмысының маңызды бағыттары ретінде сипатталады [4]. 

Осы еңбектер нейрожаттығуларды дəстүрлі логопедиялық 

əдістерге балама емес, бірнеше функционалдық міндетті бір 

тапсырмада ықпалдастыратын қосымша құрал ретінде қарастыруға 

негіз береді. 

Шетелдік еңбектер сөйлеу моторикасының жоспарлануы мен 

орындалуына ерекше назар аударады. J.R. Duffy моторлық сөйлеу 

бұзылыстарын дифференциалды бағалауда қозғалысты жоспарлау 

мен орындау механизмдерін ажыратудың маңызын көрсетеді [5]. 

M.R. Mc Neil жəне əріптестері сөйлеу апраксиясында моторлық 

бағдарламалау мəселесін сипаттайды [6]. G. Weismer сөйлеу 
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қимылдарының уақыттық жəне кеңістіктік ұйымдасуын моторлық 

сөйлеуді түсіндірудің маңызды аспектісі ретінде қарастырады 

[7]. Бұл еңбектер логопедиялық нейрожаттығулардың құндылығы 

жалпы қозғалыс белсенділігінде емес, қозғалыстың сөйлеу 

əрекетімен мақсатты байланысында екенін көрсетеді. 

Фонологиялық дамуға қатысты J.E. Bernthal, N.W. Bankson 

жəне P. Flipsen сөйлеу дыбыстарын бағалау мен түзетуде 

фонологиялық процестерді жүйелі талдау қажеттігін көрсетеді 

[8]. S. Mc Leod пен K. Crowe əртүрлі тілдердегі дауыссыз 

дыбыстарды меңгеру деректерін жинақтап, жас жəне тілдік ортаны 

есепке алудың маңызын негіздейді [9]. A. Diamond атқарушы 

функциялардың негізгі құрамына жұмыс жады, тежелу жəне 

когнитивтік икемділікті жатқызады [13]. Бұл процестер нұсқауды 

сақтау, əрекет ретін ауыстыру, қателерді бақылау сияқты 

логопедиялық тапсырмаларға тікелей қатысады. Сонымен бірге 

когнитивтік жаттығулардан алынған дағдының тілдік нəтижеге 

автоматты түрде ауысатынын болжауға болмайды; сондықтан əр 

нейрожаттығу нақты сөйлеу мақсатына бағындырылуы тиіс. 

Қазақстандық ғалымдардың зерттеулері 

Қазақстандық зерттеушілердің еңбектерінде логопедиялық 

түзету мен нейропсихологиялық тəсілдің өзара байланысына 

назар аударыла бастады. Р.Ж. Исманова мен Г.К. Ахметова сөйлеу 

тілінде бұзылыстары бар балаларды логопедиялық тұрғыдан 

түзетуде логопед маманның нейропсихологиялық білімінің 

маңызын арнайы қарастырады [10]. Авторлар сөйлеу бұзылыстарын 

талдауда жоғары психикалық функциялар мен ми қызметінің 

функционалдық ұйымдасуын ескерудің қажеттігін көрсетеді. Бұл 

тұжырым нейрожаттығуларды логопедиялық сабақта кездейсоқ 

қимылдық тапсырмалар жиынтығы ретінде емес, баланың сөйлеу 

əрекетін қамтамасыз ететін сенсомоторлық жəне когнитивтік 

үдерістермен мақсатты түрде байланыстырып қолдануға негіз 

береді. 

В.К. Лемехова мектеп жасына дейінгі балалардағы 

дизартрияны түзетуде нейропсихологиялық тəсілді қолдану 

мүмкіндіктерін зерттеген [11]. Зерттеуде ми блоктарының 

қызметі, сөйлеу дамуын диагностикалаудағы нейропсихологиялық 

талдаудың рөлі жəне дизартриясы бар балаларға арналған 

нейропсихологиялық жаттығулар кешенінің кезеңдері 

сипатталған. Автор нейропсихологиялық қолдауды баланың жеке 

нейропсихологиялық ерекшеліктеріне сəйкес ұйымдастыру 

қажеттігін атап көрсетеді. Бұл еңбек логопедиялық практикада 

нейрожаттығуларды нақты сөйлеу бұзылысының механизмімен жəне 

түзету мақсатының мазмұнымен сəйкестендірудің маңызын 

айқындайды. 
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Нейрожаттығулардың когнитивтік мүмкіндіктері 

Ж.А. Жұмабаева, Р.Ж. Базарбекова жəне А.С. Стамбекованың 

зерттеуінде қарастырылған [12]. Авторлар бастауыш сынып 

оқушыларының ақыл-ойын дамытуда нейрожаттығуларды қолдануды 

талдап, оларды зейін, есте сақтау, ойлау жəне қимылдық 

үйлесімділікпен байланыстырады. Бұл зерттеу тікелей 

логопедиялық түзетуге арналмағанымен, сөйлеу тапсырмаларын 

орындауда маңызды болатын зейін, жұмыс жады, əрекетті 

жоспарлау жəне сенсомоторлық үйлесімділік сияқты функцияларды 

қолдауда нейрожаттығулардың педагогикалық əлеуетін негіздеуге 

мүмкіндік береді. 

Отандық зерттеулерді салыстыру нейропсихологиялық 

тəсілдің логопедияда теориялық негіз, нақты сөйлеу бұзылысын 

түзету жəне когнитивтік қолдау бағыттарында дамып келе 

жатқанын көрсетеді [10–12]. Бұл еңбектер нейрожаттығуларды 

сөйлеу-қимылдық, сенсомоторлық жəне когнитивтік-реттеуші 

міндеттермен мақсатты байланыстыру қажеттігін негіздейді. 

Нәтижелер және оларды талқылау 

Ғылыми тұжырымдарды салыстырмалы талдау нейрожаттығуларды 

логопедиялық сабаққа енгізуді төрт өзара байланысты компонент 

арқылы жүйелеуге мүмкіндік берді. Диагностикалық компонент 

баланың артикуляциялық қозғалысы, фонематикалық қабылдауы, 

нұсқауды орындауы жəне қимыл ретін сақтау ерекшеліктерін 

анықтайды. Моторлық-сенсомоторлық компонент артикуляциялық, 

тыныс алу, саусақ, ырғақ жəне екі қолдың үйлесімді 

қозғалыстарын қамтиды. Тілдік-когнитивтік компонент қимылды 

дыбыс, буын, сөз немесе сөйлеммен біріктіреді. Рефлексивтік-

бақылау компоненті қатені байқау, əрекетті түзету жəне 

нəтижені бағалау дағдыларын қамтиды. 

Талдау нəтижесінде анықталған құрылымдық компоненттер 

1-кестеде берілген. 
 

Кесте 1 
Логопедиялық сабақта нейрожаттығуларды қолданудың құрылымдық 

компоненттері 

Компонент Негізгі мазмұны 
Логопедиялық 

мақсаты 
Бағалау 

көрсеткіші 

Диагностикалық 

Артикуляция, 

фонематикалық 

қабылдау, нұсқауды 

орындау 

Жеке түзету бағытын 

анықтау 

Қимыл дəлдігі, 

дыбысты 

ажырату 

Моторлық-

сенсомоторлық 

Артикуляциялық, 

тыныс алу, ырғақтық 

жəне екіжақты қимыл 

Қимыл үйлесімділігі 

мен праксисті 

жетілдіру 

Реттілік, 

қарқын, дəлдік 



 
 
 

 

PEDAGOGY AND EDUCATION 

 
 

91 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

Компонент Негізгі мазмұны 
Логопедиялық 

мақсаты 
Бағалау 

көрсеткіші 

Тілдік-

когнитивтік 

Қимылды дыбыс, буын, 

сөз, сөйлеммен 

біріктіру 

Сөйлеу мен қимылдың 

функционалдық 

байланысын күшейту 

Дұрыс айту, 

есте сақтау, 

тілдік орындау 

Рефлексивтік-

бақылау 
Өзін-өзі тексеру, 

қатені түзету 
Өзіндік бақылау мен 

реттеуді дамыту 

Қатені байқау 

жəне өздігінен 

түзету 

 

Кестедегі компоненттер сабақ барысында өзара ықпалдасады: 

қимыл сөйлеу мақсатын алмастырмай, артикуляцияны бақылау, 

реттілікті сақтау жəне мақсатты дыбысты сөйлеуде қолдану үшін 

тірек қызметін атқарады. 

Нейрожаттығулардың түрлері 

Логопедиялық жұмыста нейрожаттығуларды олардың жетекші 

функционалдық міндетіне қарай бірнеше топқа бөлуге болады. 

Мұндай жіктеу жаттығуды сəндік немесе жалпы белсендіруші 

элемент ретінде емес, нақты сөйлеу мақсатына қызмет ететін 

əдістемелік құрал ретінде таңдауға мүмкіндік береді. 

Нейрожаттығудың түрі баланың сөйлеу бұзылысының құрылымына, 

сақталған мүмкіндіктеріне, жасына жəне сабақ кезеңіне сəйкес 

анықталуы тиіс. 

Артикуляциялық-моторлық нейрожаттығулар тіл, ерін, 

төменгі жақ қимылдарының дəлдігін, ауысымдылығын жəне ерікті 

бақылауын жетілдіруге бағытталады. Дəстүрлі артикуляциялық 

жаттығуға ырғақ, қол қимылы, кеңістіктік белгі немесе қысқа 

вербалды нұсқау қосылғанда бала бір мезгілде бірнеше əрекетті 

үйлестіреді. Мысалы, логопед көрсеткен артикуляциялық қалыпты 

сақтай отырып, бала саусақпен белгілі ырғақты қайталайды 

немесе мақсатты дыбыс бар буынды айтады. Мұнда басты талап – 

қосымша қимыл артикуляциялық міндетті қиындатпай, керісінше 

оны саналы бақылауға көмектесуі. 

 Сенсомоторлық жаттығулар екі қолдың кезектескен немесе 

бір мезгілдегі қозғалыстарын,  көз–қол үйлесімділігін жəне 

кеңістіктік бағдарды қамтиды. Бұл тапсырмалар «оң–сол», 

«жоғары–төмен», «алды–артында» ұғымдарын сөйлеу нұсқауымен 

бекітуге, қимыл ретін есте сақтауға жəне нұсқауды дəл 

орындауға қолайлы. Алайда мұндай жаттығулардың өзіндік түрде 

сөйлеуді түзететіні туралы асыра тұжырым жасауға болмайды. 

Олардың логопедиялық құндылығы сөйлеу тапсырмасымен 

функционалдық байланысқанда артады. 

Ырғақтық-қимылдық жаттығулар сөйлеудің буындық құрылымын, 

қарқынын жəне есту-қимылдық сəйкестікті қолдауға бағытталады. 

Бала сөздің немесе буын тізбегінің ырғағын шапалақпен, 
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қадаммен, үстелді жеңіл түртумен белгілей алады. Қимыл саны 

сөздегі буын санына сəйкестендірілгенде, бала сөздің ырғақтық 

құрылымын қосымша моторлық тірек арқылы қабылдайды. Мұндай 

тəсіл ұзын сөздердің буындық құрамын сақтауда, сөзді 

бөліктерге жіктеуде жəне буындарды ретті айтуда қолданылуы 

мүмкін. 

Фонематикалық-қимылдық жаттығулар естілген дыбысты 

белгілі қозғалыс белгісімен сəйкестендіреді. Мысалы, бала 

мақсатты дыбысты естігенде алақанын көтереді, ал оппозициялық 

дыбыста басқа белгі көрсетеді; кейін осы əрекет буын, сөз 

жəне сөйлем материалында күрделенеді. Бұл тəсіл фонематикалық 

қабылдауды бағалау мен жаттықтыруда баланың белсенді жауабын 

қамтамасыз етеді. Қимыл тек жауап формасы болып, дыбыстық 

талдаудың өзін алмастырмауы маңызды. 

Тыныс алу-сөйлеу жаттығулары дем шығару ұзақтығын сөйлеу 

бірлігімен сəйкестендіруге, фразаны бір деммен айтуға жəне 

дауыс күшін реттеуге бағытталады. Логопедиялық жұмыста тыныс 

жаттығулары қысқа, физиологиялық тұрғыдан қауіпсіз жəне 

мақсатты болуы тиіс. Мектепке дейінгі жаста ойын түрінде үрлеу 

элементтері қолданылса, ересектеу балаларда демді сөз 

тіркесімен, санамақпен немесе қысқа сөйлеммен үйлестіру 

тиімдірек. 

Когнитивтік-реттеуші нейрожаттығулар жұмыс жады, тежелу, 

ауысу жəне əрекет ретін жоспарлау талаптарын сөйлеу 

тапсырмасымен біріктіреді. A. Diamond атқарушы функциялардың 

оқу əрекеті мен мақсатты мінез-құлықтағы маңызын көрсетеді 

[13]. Логопедиялық сабақта бұл бағыт «тыңда–есте сақта–

орында», өзгерген ережеге сəйкес сөз таңдау, бірнеше қадамнан 

тұратын нұсқауды орындау сияқты тапсырмалар арқылы іске 

асады. Жаттығудың күрделілігі баланың сөйлеу мүмкіндігінен 

шамадан тыс жоғары болмауы тиіс. 

Нейрожаттығуларды жас ерекшелігіне қарай қолдану 

Нейрожаттығуларды жасқа қарай саралау кезінде тек 

күнтізбелік жасты емес, баланың сөйлеу дамуының деңгейін, 

нұсқауды түсінуін, ерікті зейінінің тұрақтылығын жəне 

моторлық мүмкіндігін ескеру қажет. Бір жастағы балалардың 

функционалдық мүмкіндіктері əртүрлі болуы ықтимал, сондықтан 

төмендегі жас шектері қатаң норматив емес, логопедке арналған 

əдістемелік бағдар ретінде қарастырылады. 

3–4 жаста еліктеу, бір сатылы нұсқау, қарапайым қимыл–

дыбыс сəйкестігі басым; тапсырма ойын түрінде 1–2 əрекеттен 

құрылады. 

4–5 жаста қимылды кезектестіру, буын ырғағын қимылмен 

белгілеу жəне екі қадамды нұсқау енгізіледі. 
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5–6 жаста қимыл ретін есте сақтау, оң–сол бағдарын 

ажырату, фонематикалық талдауды сенсомоторлық тірекпен 

ұштастыру күрделенеді. 

6–7 жаста жəне бастауыш кезеңде көпқадамды нұсқау, 

ережені ауыстыру, фонематикалық жіктеу жəне сөйлемді 

қозғалыспен үйлестіру арқылы өзіндік бақылау күшейтіледі. 

Жас кезеңдеріне сəйкес ұсынылатын нейрожаттығулар мен 

əдістемелік талаптар 2-кестеде жүйеленді. 

 

Кесте 2 
Нейрожаттығуларды жас ерекшелігіне қарай қолдану бағыттары 

Жас кезеңі Басым міндет 
Ұсынылатын 

жаттығулар 
Әдістемелік талап 

3–4 жас 

Еліктеу, бір 

сатылы нұсқау, 

қарапайым 

сенсомоторлық 

жауап 

Қарапайым саусақ 

қимылы; дыбысқа 

бір қимыл; қысқа 

ырғақ; дем мен 

дыбыстауды 

үйлестіру 

1–2 əрекет, ойын 

формасы, айқын 

үлгі, қысқа уақыт 

4–5 жас 

Қимылды 

кезектестіру, 

буындық ырғақ, 

екі қадамды 

нұсқау 

Екі қолдың 

қарапайым 

қозғалысы; буынға 

шапалақ; дыбысты 

қимыл белгісімен 

ажырату 

Көрнекі тірек, 

баяу қарқыннан 

бастау, жиі кері 

байланыс 

5–6 жас 

Қимыл ретін 

сақтау, 

фонематикалық 

талдау, 

кеңістіктік 

бағдар 

3 қимылдық 

тізбек; оң–сол 

тапсырмасы; 

дыбысы бар 

сөздерді қимылмен 

топтау 

Күрделілікті 

біртіндеп 

арттыру, сөйлеу 

мақсатын сақтау 

6–7 жас жəне 

бастауыш кезең 

Өзіндік бақылау, 

жұмыс жады, 

ережені ауыстыру 

Көп қадамды 

нұсқау; қимыл–

буын тізбегі; 

фонематикалық 

жіктеу; сөйлеммен 

үйлестіру 

Нəтижені дəлдік, 

дербестік жəне 

сөйлеуге көшіру 

бойынша бағалау 

 

Кестедегі жас шектері əдістемелік бағдар болып табылады. 

Жаттығуды таңдауда шешуші өлшем – баланың нақты сөйлеу, 

моторлық жəне реттеуші мүмкіндігі мен түзету мақсаты. 

Нейрожаттығуларды сабаққа енгізудің педагогикалық 

шарттары 

Бірінші шарт – жаттығудың нақты логопедиялық мақсатқа 

сəйкестігі. Дыбысты ажырату сабағында қимыл фонематикалық 

жауапты белгілеуге, ал дыбысты автоматтандыруда мақсатты 
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дыбысты буын немесе сөзбен айтуға қызмет етуі керек. Екінші 

шарт – біртіндеп күрделендіру: бір қимылдан бірнеше қимылдық 

реттілікке, кейін оны тілдік материалмен біріктіруге көшу. 

Қысқа тапсырмалар негізгі логопедиялық жұмысты ығыстырмай, 

оны қолдауы тиіс. Үшінші шарт – баланың жасын, сөйлеу 

бұзылысының сипатын, моторлық мүмкіндігін, зейін тұрақтылығын 

жəне шаршағыштығын ескеру. Төртінші шарт – нəтижені 

динамикалық бағалау: тек жаттығуды орындау емес, мақсатты 

дыбыстың дұрыстығы, фонематикалық ажырату, нұсқауды сақтау 

жəне дағдыны жаңа сөйлеу жағдайына көшіру бақыланады. 

Ғылыми жаңалығы және практикалық маңызы 

Зерттеудің ғылыми жаңалығы сөйлеу əрекетінің 

нейропсихологиялық, сенсомоторлық жəне тілдік-когнитивтік 

механизмдері туралы ғылыми тұжырымдарды салыстырмалы талдау 

негізінде нейрожаттығуларды логопедиялық сабақтарда 

қолданудың диагностикалық, моторлық-сенсомоторлық, тілдік-

когнитивтік жəне рефлексивтік-бақылау бағыттарын біртұтас 

құрылымға жүйелеуден тұрады.  

Практикалық тұрғыдан ұсынылған құрылымды логопедтер, 

арнайы педагогтер жəне мектепке дейінгі ұйым мамандары сабақ 

жоспарын құруда қолдана алады. Модель дыбысты қоюға дайындық, 

фонематикалық қабылдау, буындық құрылым, сөйлеу, тыныс алу 

жəне өзіндік бақылау міндеттерін қимылдық тапсырмалармен 

мақсатты ықпалдастыруға мүмкіндік береді. 

Қорытынды 

Теориялық талдау сөйлеу əрекетінің артикуляциялық 

қозғалыспен ғана емес, сенсорлық кері байланыс, қимылды 

жоспарлау, фонематикалық қабылдау, жұмыс жады жəне өзіндік 

бақылаумен байланысты екенін көрсетті. Осыған сəйкес 

нейрожаттығулар логопедиялық сабақта дербес «ми жаттықтыру» 

тəсілі емес, нақты сөйлеу міндетін қолдайтын қосымша 

педагогикалық құрал ретінде қарастырылуы тиіс. Зерттеу 

нəтижесінде төрт компоненттік құрылым ұсынылып, оны 

қолданудың негізгі шарттары анықталды: логопедиялық мақсатқа 

сəйкестік, біртіндеп күрделендіру, жеке ерекшеліктерді ескеру 

жəне динамикалық бағалау. Болашақ зерттеулерде əртүрлі сөйлеу 

бұзылыстары бар балалар үшін осы модельдің тиімділігін 

эксперименттік тексеру жəне нəтижені бағалаудың 

стандартталған көрсеткіштерін нақтылау қажет. 
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Анотація. У статті розглянуто нейропсихологічні механізми дефіциту виконавчих 

функцій у дітей з розладами аутистичного спектра. На основі аналізу сучасних 

зарубіжних досліджень висвітлено роль префронтальної кори головного мозку в 

процесах гальмівного контролю, когнітивної гнучкості та планування, а також 

розмежовано профіль виконавчих функцій при розладах аутистичного спектра і 

супутньому синдромі дефіциту уваги та гіперактивності. Обґрунтовано практичне 

значення розуміння цього дефіциту для організації інклюзивного освітнього 

середовища. 

Ключові слова: виконавчі функції; розлади аутистичного спектра; префронтальна 

кора; когнітивна гнучкість; гальмівний контроль. 

 

 

 

Актуальність теми зумовлена зростанням поширеності 

розладів аутистичного спектра та потребою поглибленого 

розуміння нейропсихологічних механізмів, що лежать в основі 

поведінкових і когнітивних особливостей цієї категорії осіб. 

Одним із ключових напрямів сучасних нейропсихологічних 

досліджень є вивчення виконавчих функцій – комплексу 

когнітивних процесів, які забезпечують цілеспрямовану, гнучку 

та контрольовану поведінку. Дефіцит виконавчих функцій 

розглядається дослідниками як один із центральних 

нейрокогнітивних маркерів розладів аутистичного спектра, що 

зумовлює труднощі адаптації до змін середовища та виконання 

складних послідовних завдань. 

До складу виконавчих функцій традиційно відносять робочу 

пам'ять, гальмівний контроль, когнітивну гнучкість та 

планування. Ці компоненти тісно пов'язані між собою: успішне 

планування завдання неможливе без утримання інформації в 

робочій пам'яті та без здатності вчасно загальмувати 
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недоречну реакцію. За роботу цієї системи відповідає 

префронтальна кора головного мозку, зокрема її 

дорсолатеральна ділянка та нижня лобна звивина. 

Мета-аналіз Lage, Smith та Lawson (2023) підтверджує 

стійкий дефіцит когнітивної гнучкості при розладах 

аутистичного спектра, який проявляється у труднощах швидкого 

перемикання між правилами чи завданнями. Водночас цей дефіцит 

не є специфічним винятково для розладів аутистичного спектра: 

за даними Townes та колег (2023), профілі виконавчих функцій 

при розладах аутистичного спектра та супутньому синдромі 

дефіциту уваги та гіперактивності частково перетинаються за 

характером порушень робочої пам'яті й гальмівного контролю, 

але відрізняються за профілем когнітивної гнучкості – це 

методологічно важливо для диференційної діагностики. 

Нейрофізіологічну природу цього дефіциту підтверджують 

дані нейровізуалізації. Так, Yu та колеги (2026), 

застосувавши метод функціональної ближньої інфрачервоної 

спектроскопії, виявили, що у дітей з розладами аутистичного 

спектра та нижчим коефіцієнтом інтелекту префронтальна 

активація й функціональна зв'язність ослаблені саме в 

ділянках нижньої лобної звивини, фронтополярної кори та 

дорсолатеральної префронтальної кори під час виконання 

завдань на вербальну швидкість. Це означає, що виразність 

дефіциту виконавчих функцій корелює з когнітивним профілем 

дитини, а не є однорідною для всіх осіб у спектрі. 

Схожий висновок про збережений, хоча й ослаблений, 

потенціал цієї системи випливає з роботи Pereira та колег 

(2024): застосувавши нейрозворотний зв'язок на основі 

функціональної магнітно-резонансної томографії в реальному 

часі й спрямувавши його на дорсолатеральну префронтальну 

кору, вони показали, що особи з розладами аутистичного спектра 

здатні модулювати активність цієї ділянки, хоча й з меншою 

ефективністю, ніж нейротипові учасники (84 відсотки проти 98 

відсотків успішних спроб). 

Окремої уваги заслуговує стан робочої пам'яті – 

компонента виконавчих функцій, який забезпечує тимчасове 

утримання та оперування інформацією під час виконання 

складних завдань. Мета-аналіз An та колег (2025), що охопив 

двадцять п'ять досліджень, підтвердив стійкий дефіцит 

вербальної робочої пам'яті у дітей та підлітків з розладами 

аутистичного спектра, причому цей дефіцит виявився відносно 

стабільним і не залежав суттєво від віку чи рівня інтелекту 

учасників. Це узгоджується з нейровізуалізаційними даними, 

згідно з якими зниження модуляції активності дорсолатеральної 
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префронтальної кори при зростанні когнітивного навантаження 

є характерною ознакою функціонування робочої пам'яті при 

розладах аутистичного спектра. Практично це означає, що 

дитині з розладами аутистичного спектра складніше утримувати 

в пам'яті багатоетапну словесну інструкцію: чим довший 

словесний алгоритм дій, тим вища ймовірність втрати частини 

інформації ще до завершення завдання. 

Гальмівний контроль також демонструє неоднорідний профіль 

порушень при розладах аутистичного спектра. Дані свідчать, що 

труднощі виникають не в усіх його аспектах однаковою мірою – 

опір відволікаючій візуальній інформації порушений 

вираженіше, тоді як гальмування простої заздалегідь 

підготовленої реакції часто залишається відносно збереженим. 

Багаторівневий мета-аналіз Song та колег (2025), що об'єднав 

дані рандомізованих контрольованих досліджень, показав, що 

фізичні вправи є ефективним немедикаментозним інструментом 

покращення гальмівного контролю у дітей з розладами 

аутистичного спектра, що відкриває додатковий, доступний у 

шкільних умовах напрям корекційної роботи. 

Отримані результати мають безпосереднє прикладне 

значення. Ramezani (2024) продемонструвала, що цілеспрямоване 

тренування когнітивної гнучкості впродовж восьми сесій 

статистично значуще підвищує її показники та зменшує 

стереотипну поведінку у дітей дев'яти-дванадцяти років з 

розладами аутистичного спектра. Дефіцит виконавчих функцій – 

не фіксована межа можливостей, а мішень для корекційної 

роботи. У практиці інклюзивної освіти це означає перехід від 

вимоги "просто зосередься" до конкретних інструментів:  

візуальних розкладів, попереджувальних сигналів про зміну 

діяльності, покрокової структуризації завдань, а також 

цілеспрямованих вправ на тренування гальмівного контролю та 

переключення уваги. 

Із огляду на встановлений зв'язок між дефіцитом робочої 

пам'яті та труднощами виконання багатоетапних інструкцій 

доцільно замінювати розгорнуті словесні вказівки короткими 

покроковими алгоритмами з візуальною опорою: картками, 

піктограмами чи покроковими схемами, які дитина може 

переглядати самостійно, не утримуючи весь обсяг інформації в 

пам'яті. Дані про ефективність фізичних вправ для покращення 

гальмівного контролю (Song et al., 2025) також відкривають 

можливість інтеграції короткочасних рухових пауз у навчальний 

процес як засобу підготовки дитини до завдань, що вимагають 

зосередження та стримування імпульсивних реакцій. Поєднання 

таких підходів формує комплексну стратегію супроводу дитини 
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з розладами аутистичного спектра в умовах інклюзивного 

освітнього середовища. 

Дефіцит виконавчих функцій при розладах аутистичного 

спектра має чітку нейропсихологічну основу, пов'язану з 

атиповою роботою префронтальної кори головного мозку, і при 

цьому виразність дефіциту варіюється залежно від когнітивного 

профілю дитини та наявності супутнього синдрому дефіциту 

уваги та гіперактивності. Розуміння цього механізму дозволяє 

переосмислити поведінкові прояви розладів аутистичного 

спектра не як прояв характеру, а як наслідок специфічної 

роботи мозку і відповідно будувати корекційні та освітні 

стратегії, спрямовані на компенсацію, а не на покарання. 
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Abstract. The article examines innovative approaches, trends, and prospects 

regarding the application of evolutionary computation to solve complex problems 

in evolutionary linguistics and glottochronology. It explores the potential for 

the algorithmic reconstruction of linguistic relatedness, cognate analysis, the 

construction of phylogenetic models, and the simulation of linguistic changes 

over time. The study substantiates the promise of hybrid, multi-objective, 

adaptive, and robust evolutionary methods in the face of the turbulence, 

uncertainty, and systemic risks characterizing the modern linguistic 

environment. 
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Introduction. Modern linguistics is evolving amidst the 

increasing complexity of its object of study, as language is 

a dynamic, self-organizing, and historically mutable system 

[1–3] whose functioning is determined by an interplay of 

phonetic, phonological, morphological, lexical, semantic, 

syntactic, sociocultural, and cognitive factors [4–6]. 

Particularly challenging tasks include reconstructing the 

historical dynamics of languages, determining the directions 

of their divergence, establishing genetic relationships, 

dating stages of linguistic divergence, and identifying the 

mechanisms behind the formation of language families. In this 

context, glottochronology emerges as a significant approach 

focused on the quantitative study of the rate and nature of 

linguistic change over time. 
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While traditional methods of historical-comparative 

linguistics remain fundamental, the sheer scale of modern 

linguistic data places increasingly high demands on the 

computational tools used for their processing [7]. Vast 

lexical datasets, cognate databases, multilingual corpora, 

phonetic and morphological characteristics, historical 

dictionaries, and digital language databases create a 

multidimensional information space; identifying stable 

patterns within this space requires intelligent analysis 

methods [8]-especially given that linguistic data are 

characterized by incompleteness, heterogeneity, noise, source 

variability, ambiguous cognate correspondences, and a 

dependence of results on the chosen models. The application 

of evolutionary computation-a class of intelligent 

computational methods based on the principles of natural 

evolution, population-based search, inheritance, mutation, 

recombination, and selection-is becoming increasingly 

relevant [9]. A key feature of these methods is their ability 

to search for solutions within complex spaces even when there 

is no simple analytical relationship between the input data 

and the desired result [10]. This is particularly significant 

for evolutionary linguistics [11–13], as reconstructing 

linguistic history often requires the simultaneous 

consideration of numerous interdependent variables and 

alternative historical scenarios. 

In general, the use of evolutionary algorithms allows 

linguistic evolution to be viewed as a computationally 

modellable process in which changes in lexical units, phonetic 

features, and cognate relationships can be interpreted as 

sequences of transformations, while potential linguistic 

ancestors and branching patterns emerge as the results of a 

search for the most consistent evolutionary structures. While 

the analogy between the evolution of linguistic units and 

biological evolution does not imply complete identity, it 

provides a productive computational metaphor and a 

mathematical-algorithmic framework for investigating the 

historical dynamics of languages. 

The relevance of this approach is further underscored by 

the dynamic nature of the contemporary linguistic research 

landscape [11–13]. Modern science operates amidst turbulent 

information flows, uncertainties regarding data origin and 

quality, the rapid expansion of digital corpora, shifting 

linguistic practices, the digitalization of communication, 

and the emergence of new forms of linguistic interaction. For 
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this reason, methods in evolutionary linguistics must be 

capable not only of processing large volumes of data but also 

of adapting to incomplete, contradictory, and dynamic 

information environments. 

Consequently, the aim of this publication is to 

systematically examine innovative approaches, current trends, 

and prospects for applying evolutionary computation to solve 

complex, multifaceted problems in evolutionary linguistics 

and glottochronology-specifically, reconstructing linguistic 

relationships, constructing phylogenetic models, analyzing 

cognate relations, and modeling language change over time 

amidst the turbulence of the linguistic environment. 

Main Part. Evolutionary linguistics views language as a 

dynamic system that is self-organizing and historically 

evolving. Lexical units emerge and vanish, word meanings 

transform, phonetic and grammatical systems undergo 

restructuring, and language contacts drive borrowing and 

convergence. The current state of a language can be viewed as 

the outcome of a long sequence of interdependent changes. 

Reconstructing this dynamic involves identifying potential 

developmental trajectories leading from reconstructed 

ancestral states to observed linguistic forms. 

The analysis of basic vocabulary and cognates is of 

particular importance to glottochronology, as it enables the 

establishment of historical correspondences between languages 

and the assessment of their degree of relatedness. However, 

actual linguistic evolution is far more complex than a model 

of uniform change accumulation. Rates of change vary across 

different lexical items, and results can be skewed by 

borrowing, language contact, areal processes, cultural 

factors, incomplete historical data, and ambiguities in 

cognate correspondences. Consequently, modern methods must 

account not only for the similarity of linguistic units but 

also for the complex structure of factors driving linguistic 

divergence. 

Evolutionary computation offers new possibilities in this 

regard. It is based on population-based search, wherein a 

multitude of potential solutions undergo gradual modification 

through mechanisms such as selection, mutation, 

recombination, and quality assessment. In a linguistic 

context, an individual solution might represent a 

phylogenetic structure, a system of cognate correspondences, 

a reconstructed linguistic form, a set of model parameters, 

or a combination of several characteristics. Evolutionary 



 
 
 

 

PHILOLOGY AND LINGUISTICS 

 
 

103 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

search enables the exploration of a vast space of possible 

solutions, even in cases where obtaining a precise analytical 

solution is practically impossible. 

The application of genetic algorithms to reconstruct 

phylogenetic relationships between languages is particularly 

promising. A candidate language tree can be evaluated based 

on how well it aligns with data regarding cognates, phonetic 

correspondences, lexical distances, and other features. 

Iteratively modifying the solution structure allows for the 

identification of language tree variants that are most 

consistent with the source data. However, directly applying 

biological models to language has limitations, as linguistic 

evolution involves not only vertical inheritance but also 

horizontal contact, borrowing, and convergence. Consequently, 

the use of hybrid tree-network models is emerging as a 

promising approach. 

A distinct area of research focuses on the automatic 

identification of cognates. When analyzing large multilingual 

databases, manually establishing correspondences is labor-

intensive and relies on expert interpretation. Evolutionary 

methods can be employed to find optimal combinations of 

features that distinguish potential cognates from non-

cognates. This process can take into account phonetic 

similarity, the regularity of sound correspondences, 

morphological structure, semantic proximity, and other 

linguistic characteristics. 

The potential of evolutionary computation is 

significantly enhanced when combined with machine learning, 

natural language processing, and big data technologies. 

Machine learning can facilitate feature extraction and 

classification; natural language processing enables the 

analysis of multilingual corpora and lexical structures; and 

evolutionary algorithms allow for the optimization of 

parameters, feature spaces, or reconstruction structures. As 

a result, a hybrid intelligent system is formed, combining 

the advantages of various computational paradigms. 

On this basis, a multi-level model of computational 

glottochronology can be formed, which includes the collection 

and normalization of language data, the selection of 

linguistic features, the determination of probabilistic 

cognate correspondences, the evolutionary reconstruction of 

relations between languages, the evaluation of temporal 

parameters, and the verification of the stability of the 

results. This approach makes it possible to move from the use 
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of separate algorithms to complex intellectual modeling of 

language evolution. 

An important advantage of evolutionary methods is the 

possibility of solving multi-criteria problems. A real 

reconstruction can simultaneously take into account lexical 

similarity, regularity of phonetic correspondences, semantic 

stability, probable rate of change of lexemes, presence of 

borrowings, geographical connections and historical 

restrictions. Therefore, multi-criteria evolutionary 

optimization makes it possible to obtain not a single decision 

regarding one criterion, but many compromise options 

characterizing various possible scenarios of language 

evolution. 

In the case of uncertainty, the assessment of the 

stability of the obtained solutions becomes important. If 

small changes in the original data cause a significant 

reconstruction of the language tree, the corresponding 

reconstruction should be interpreted with caution. On the 

contrary, the preservation of basic structures during the 

change of data, parameters or algorithms indicates greater 

stability of the result. Therefore, a promising computational 

glottochronology system should include sensitivity analysis, 

uncertainty assessment, re-simulation, and comparison of 

alternative reconstructions. 

The modern linguistic environment is also characterized 

by the dynamism of the processes of language change. 

Migrations, social transformations, intensive language 

contacts, technological changes and the development of 

digital communication can significantly affect the speed and 

direction of language evolution. This creates prerequisites 

for the transition from static language trees to dynamic 

models capable of taking into account changes in language 

characteristics over time, non-stationarity of parameters and 

changes in the intensity of language contacts. 

An important prospective direction is the modeling of 

turbulent language changes. Traditional models often assume 

a relatively stable environment for evolution, while the 

historical dynamics of languages can change dramatically 

under the influence of wars, migrations, cultural contacts, 

and other systemic events. From a computational point of view, 

this requires the use of models with changing parameters and 

the possibility of forming alternative development scenarios. 

Systemic risks also arise directly in the process of 

computational modeling: due to incompleteness of the original 
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base, transcription errors, incorrect identification of 

cognates, borrowings, or excessive dependence of the result 

on the selected mathematical model. Therefore, a reliable 

system should provide for data quality control, anomaly 

detection, uncertainty assessment, and robustness of the 

computational result. 

The combination of evolutionary calculations with graph 

analysis, probabilistic modeling and expert knowledge of a 

linguist has a special perspective. In such an architecture, 

the evolutionary algorithm performs the function of search 

and optimization, machine learning methods - detection of 

regularities and classification, graph models - presentation 

of complex language relationships, and the expert ensures the 

formation of linguistic restrictions and interpretation of 

results. At the same time, automation does not replace a 

specialist, but expands his capabilities when working with 

large and complex data sets. 

Additional possibilities are provided by genetic 

programming, which allows to evolve as parameters, but also 

the rules or structures of transformations themselves. For 

evolutionary linguistics, this creates prerequisites for the 

automatic search for formalized rules of linguistic changes, 

including regular phonetic correspondences. Evolutionary 

search can also be applied to the reconstruction of 

protolanguage forms, when it is necessary to determine a 

hypothetical ancestral state that is most consistent with a 

system of observed correspondences. 

Glottochronological dating can also be reinterpreted 

through the lens of evolutionary optimization. Instead of 

assuming a constant rate of linguistic change, models with 

variable parameters-accounting for the specificities of 

individual lexemes, historical periods, and language contacts-

can be employed. In this context, an evolutionary algorithm 

seeks parameter combinations that yield the best fit between 

the reconstructed dynamics and available historical data. 

Thus, shifting from the "one algorithm, one result" 

principle to a "multiple models, scenario space" approach 

offers significant promise. Given the incompleteness and 

ambiguity of historical data, a set of possible structures-

along with assessments of the stability of specific 

connections-can be more informative than a single 

reconstructed tree. This allows for a more accurate handling 

of uncertainty and helps avoid overly categorical historical-

linguistic conclusions. 



 
 
 

 

PHILOLOGY AND LINGUISTICS 
 

106 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

Adaptive algorithms, capable of adjusting search 

parameters based on the characteristics of specific 

linguistic data, will play a crucial role in the future 

development of evolutionary computation. Simultaneously, 

there is a growing need for interpretable evolutionary models, 

where computational results are accompanied by a description 

of the factors that shaped them. For the humanities, it is 

important not only to obtain an optimal solution but also to 

understand the linguistic logic behind its formation. 

Looking ahead, it may be possible to create digital 

evolutionary-linguistic platforms that integrate historical 

corpora, dictionaries, cognate databases, phonetic and 

morphological characteristics, geographic data, and 

evolutionary optimization algorithms. Such systems will be 

capable of investigating not only the historical 

relationships between languages but also the potential 

trajectories of their evolution under various conditions. In 

this context, forecasting should be understood primarily as 

scenario modeling rather than as a precise prediction of the 

future state of a language. 

Thus, the scientific potential of evolutionary 

computation lies not in the mechanical transfer of biological 

algorithms to linguistics, but in their adaptation to language 

as an open, socio-cognitive, and historically dynamic system. 

Amidst turbulence, uncertainty, and systemic risks, this 

entails a shift toward adaptive, multi-criteria, hybrid, 

scenario-based, and robust modeling capable of simultaneously 

accounting for the complexity of linguistic data and the 

uncertainty inherent in reconstructed historical processes. 

Conclusions. The conceptual study conducted suggests that 

evolutionary computation represents a promising class of 

intelligent methods for addressing the complex challenges of 

modern evolutionary linguistics and glottochronology. Its 

application enables the computational reconstruction of 

linguistic relationships, the automated analysis of cognates, 

the construction and optimization of phylogenetic structures, 

the reconstruction of proto-language forms, the modeling of 

rates of linguistic change, and the investigation of 

alternative evolutionary trajectories. 

It has been established that the specific nature of the 

linguistic object necessitates the adaptation of classical 

evolutionary algorithms. Language is not a simple system of 

vertical inheritance; its development involves borrowing, 

contact, convergence, varying rates of change across 
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different elements, and the influence of social and cultural 

factors. Consequently, hybrid tree-network models, multi-

objective optimization, and algorithms capable of accounting 

for the heterogeneity and non-stationarity of linguistic 

processes hold significant promise. 

Hybrid intelligent systems-combining evolutionary 

computation with machine learning, natural language 

processing, Big Data, graph analysis, and probabilistic 

modeling-have been identified as having the greatest 

potential. Within such an architecture, evolutionary 

algorithms can handle search and optimization tasks; machine 

learning can perform pattern detection and classification; 

and expert linguists can define constraints, as well as 

interpret and verify the results. 

The study substantiates the shift from seeking a single 

reconstruction to generating a multitude of alternative 

evolutionary scenarios. This approach is particularly 

relevant to glottochronology, as historical linguistic data 

are often incomplete and ambiguous. Evaluating a multitude of 

valid solutions makes it possible to examine the robustness 

of reconstructed relationships and to distinguish relatively 

stable patterns from results that are sensitive to initial 

assumptions. 

It has been shown that under conditions of turbulence, 

uncertainty, and systemic risk, robustness becomes the most 

critical characteristic of a computational linguistic model. 

Therefore, a promising system should incorporate procedures 

for data quality assessment, anomaly detection, sensitivity 

analysis, the testing of alternative parameters, and re-

modeling. This enables a significant increase in the 

reliability of interpreting the results of evolutionary 

reconstruction. 

A promising avenue of research is the development of 

adaptive evolutionary algorithms capable of adjusting search 

parameters based on the structure of the linguistic data being 

analyzed. Concurrently, the importance of multi-objective 

evolutionary optimization is growing, as it allows for the 

simultaneous consideration of lexical, phonetic, 

morphological, semantic, geographic, and historical 

characteristics. 

The development of interpretable evolutionary models-

where reconstruction results are accompanied by a description 

of the factors that shaped them-holds particular scientific 

promise. This is crucial for evolutionary linguistics, as 
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computational efficiency must be balanced with linguistic 

interpretability and the potential for expert verification. 

Overall, the future development of evolutionary computation 

within evolutionary linguistics and glottochronology should 

be linked to the emergence of an adaptive, hybrid, multi-

criteria, scenario-based, and robust paradigm for the 

computational modeling of language evolution. Such a paradigm 

is capable of combining advances in evolutionary algorithms, 

artificial intelligence, and digital linguistics to enable a 

deeper investigation into the patterns of historical language 

change. 

A promising outcome of future research could be the 

creation of an intelligent evolutionary-linguistic platform 

capable of integrating multilingual cognate databases, 

digital corpora, phonetic and morphological features, 

historical-geographic data, and evolutionary optimization 

algorithms. Such a platform would facilitate a shift from 

isolated computational experiments to the systemic modeling 

of language evolution, wherein the reconstruction of the 

linguistic past is conducted as a dynamic process of searching 

for, comparing, and verifying a multitude of possible 

historical-linguistic scenarios. 
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Фентезі сьогодні – це справжня культурна сила, секрет 

популярності якої криється в дивовижній глибині всесвітів, 

створених письменниками. У цьому контексті вигадані імена 

(оніми) стають головними маркерами «вторинного світу», що 

відокремлюють художній простір від об'єктивної дійсності та 

слугують специфічним кодом фантазійного всесвіту. 

Метою даної роботи є виявлення та систематизація 

ономастичних моделей, що використовуються для конструювання 

альтернативної реальності у романі Ніла Ґеймана «Neverwhere». 

Теоретичною основою нашої розвідки є роботи С. 

Шестакової, О. Карпенко, В. Неклесової, які розглядають 

онімний/ономастичний простір (onymic/onomastic space) як 

«сукупність власних назв усіх класів, що вживаються в мові 

певного народу в конкретний історичний період» [1, c. 65]. 

Ядром ономастичного простору є антропоніми, а області, що 

його оточують, утворюють антропонімічні категорії (теоніми, 

міфоніми, зооніми). На периферії ономастичного простору, на 

думку С. Шестакової, знаходяться хрононіми, документоніми, 

урбаноніми, гемароніми, геортоніми, ергоніми та інші 

[2, c. 234]. 

У літературному дискурсі фентезі ці категорії 

ономастичного простору виконують широкий спектр функцій: 

основні (номінативна та диференціальна), естетична (створення 

певного звукового та художнього враження), характеристична 

(передача власної якості або походження носія імені) та 

культурологічна. Вони становлять ґрунтовну основу для 

переконливого створення фантазійного світу. 

Виразне практичне втілення цього функціонального 

потенціалу онімів можна простежити на прикладі роману Ніла 
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Ґеймана «Neverwhere» («Небудь-де»). Цей твір є яскравим 

зразком жанру урбан-фентезі, де історія будується навколо 

таємного виміру. Найбільш типові оніми у романі – топоніми 

(зокрема, урбаноніми та годоніми), антропоніми та теоніми. 

Велику групу онімів у романі становлять географічні назви 

Підземного Лондона, які формуються шляхом переосмислення 

реальних топонімів. Назви місцевостей Нижнього Лондона 

виконують міфологічну та характеристичну функцію: назви 

станцій метро оживають і набувають свого первісного, 

буквального значення. 

Earl's Court (Графський суд / Двір графа): у Верхньому 

Лондоні це просто станція та район міста. У Нижньому Лондоні 

назва втілює своє буквальне значення – це справжній 

середньовічний двір графа, який розташований у вагоні метро. 

“That, thought Richard, correctly, must be the earl” [3, p. 

13]. Blackfriars (Чорні брати / Чорні ченці): справжній 

міський квартал і залізничний вокзал перетворюються на 

монастир середньовічних ченців у чорних рясах, які охороняють 

ключі та таємниці підземного світу. Як зазначається у творі, 

“The Blackfriars, holding their keys, were the guardians of 

the deep world” [3, p. 17]. 

Антропоніми у романі майже ніколи не виникають випадково. 

Вони несуть значну характеристичну функцію, безпосередньо 

відображаючи сутність персонажа, його соціальний статус або 

магічні здібності. 

Так, імена найманих вбивць, Mr. Croup and Mr. Vandemar, 

справляють тривале враження огиди та загрози (естетична та 

фонетична функція). Слово croup в англійській мові означає 

гостре запалення гортані, що викликає задишку, що підкреслює 

його хрипкий, улесливий та зловісний голос. Прізвище його 

напарника, Vandemar, етимологічно відсилає до нідерландських 

та німецьких коренів, де частка van означає походження, а 

елемент mar/maar асоціюється зі стародавніми словами, що 

означають «кошмар» (nightmare), «примара» або «демон», що 

бездоганно пасує до його безжальної та деструктивної натури. 

«At times, as if unable to contain the rage inside, Mr. Croup 

would fling himself at the hospital wall, physically attack 

it with his fists and feet, as if it were a poor substitute 

for a real person. Mr. Vandemar, on the other hand, simply 

walked. It was too consistent, too steady and inexorable a 

walk to be described as a stroll: Death walked like Mr. 

Vandemar» [3, p. 13]. 

Щоб Нижній Лондон виглядав правдоподібним, Ґейман вводить 

у його всесвіт власних богів та чудовиськ. Angel Islington: 
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Іслінгтон – це також район Лондона. Ґейман зображує його у 

вигляді справжнього біблійного ангела, який, однак, 

виявляється занепалим і підступним. Ім'я тут слугує для 

маскування та розвінчання священного: «It is an honor finally 

to meet you and your companion. I am the Angel Islington. Its 

eyes were clear and wide. Its robes were not white, as Richard 

had initially thought: they seemed to have been woven from 

light» [3, p. 17]. 

Отже, ономастичний простір у сучасному фентезі є не просто 

декорацією, а фундаментальним інструментом світобудови. Ніл 

Ґейман наділяє кожну власну назву глибоким символічним 

змістом. Через промовисті антропоніми та міфологізацію 

топонімів оніми розкривають увесь свій функціональний 

потенціал – від характеристичного до культурологічного. 

Зрештою, саме ця складна система перетворює текст на живий 

міф, позначаючи кордони «вторинного світу» та змушуючи читача 

повірити в його автентичність. 
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Abstract. The article examines innovative approaches, trends, and prospects 

regarding the application of evolutionary computation to solve complex problems 

in authorship attribution and textology. It substantiates the effectiveness of 

these methods for the intelligent selection and combination of stylometric 

features, which enable the identification of individual markers of authorial 

style. Furthermore, the study explores the potential for hybridizing evolutionary 

algorithms with machine learning and natural language processing technologies 

amidst turbulence, uncertainty, and systemic risks. 
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INTRODUCTION. Modern linguistics is evolving amidst the 

rapid growth of digital text data, increasingly complex 

communication environments, the emergence of new genres and 

forms of written communication, and constantly shifting 

linguistic practices [1-3]. While the digitalization of 

humanities research significantly expands the potential for 

automated text analysis, it simultaneously creates new 

methodological challenges-such as high-dimensional feature 

spaces, heterogeneous text corpora, variations in authorial 

style, and data uncertainty [4-6]. Tasks related to authorship 

attribution and textology are particularly complex in this 

context, as identifying a text's true author often requires 

analyzing a vast array of diverse linguistic features with 

unknown interrelationships. 
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Classical authorship attribution methods generally rely 

on the statistical comparison of texts based on a predefined 

set of characteristics. However, when analyzing anonymous, 

disputed, stylistically heterogeneous, or historically 

evolved texts, a fixed set of features may prove insufficient. 

An author's individual style is shaped by a multitude of 

interconnected characteristics: word and function-word 

frequencies, preferred syntactic structures, sentence length, 

parts-of-speech distribution, punctuation patterns, the use 

of set phrases, lexical diversity, and other parameters. 

Consequently, the challenge lies not only in text 

classification but also in the intelligent identification of 

the most informative combination of features capable of 

distinguishing an author's unique style from the general 

characteristics of the language, genre, and era. Evolutionary 

computation-based on the principles of search, adaptation, 

and solution selection-is of particular interest in this 

context [7]. Genetic algorithms, genetic programming, 

evolutionary strategies, and other forms of evolutionary 

optimization enable the exploration of an immense space of 

potential feature combinations and the gradual development of 

models that ensure high discriminative power in text 

attribution [8]. Their fundamental advantage lies in the 

ability to perform not only automatic feature selection but 

also the discovery of feature combinations, interactions, and 

structural dependencies [9]. 

The relevance of applying evolutionary computation is 

further heightened by the dynamic and uncertain nature of the 

modern linguistic landscape [10–12]. Shifts in linguistic 

norms, the emergence of new digital genres, the transformation 

of communicative practices, the growth of data volumes, the 

presence of noise and corpus incompleteness, and the 

proliferation of automated text generation and editing 

technologies create a situation where the robustness of 

traditional authorship attribution models may diminish. 

Consequently, the development of adaptive intelligent methods 

capable of accounting for data variability and re-optimizing 

the feature space represents a promising direction. 

Therefore, the aim of this article is to substantiate 

innovative approaches, current trends, and future prospects 

regarding the use of evolutionary computation to address 

complex tasks in authorship attribution and textology-

specifically through the intelligent identification of an 

author's unique stylometric markers amidst the high 
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dimensionality, uncertainty, and dynamic variability of the 

linguistic environment. 

Main Part. Attribution of authorship is the task of 

establishing the likely author of a text based on its 

linguistic and stylistic characteristics. In the most complex 

version, such a task involves the presence of an anonymous or 

controversial text and a set of texts by well-known authors, 

which are used as a reference sample. In this, the researcher 

must determine to what extent the structure of the unknown 

text corresponds to the individual characteristics of one of 

the potential authors. 

An important feature of this task is that the author's 

style does not exist in the form of one separate feature. It 

is a complex system regarding the persistent preferences of 

the author, which are revealed at different levels of the 

text. Potentially significant signs include the frequency of 

certain words, especially functional ones; length of words 

and sentences; distribution of punctuation marks; frequency 

of parts of speech; syntactic constructions; lexical 

diversity; the nature of the use of conjunctions, prepositions 

and pronouns; repetition of certain grammatical patterns; 

paragraph structure; persistent phrases and other 

characteristics. 

Thus, the task of attribution can be represented as a 

search for such a configuration of features that provides the 

most reliable distinction of authors while minimizing the 

influence of random and contextually determined 

characteristics of the text. The problem is that the number 

of possible combinations of features is extremely large. Even 

a relatively small set of features with different methods of 

their selection and combination forms a huge space of 

potential models. It is practically impossible to go through 

all the options, and the use of a single pre-installed model 

may not take into account the individual specifics of a 

particular case. 

It is here that the field of application of evolutionary 

computing is formed. Their logic allows you to consider 

different sets and combinations of stylometric features as 

competing solutions, evaluate them according to a given quality 

criterion, and with the help of iterative selection, obtain 

more and more effective configurations. In this case, the 

"evolving" objects can be both individual features, but also 

whole sets of features, rules for their association, parameters 

of classifiers or structures of mathematical models. 
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One of the most promising approaches is the use of genetic 

algorithms for automated trait selection. In a simplified 

representation, each possible combination of stylometric 

characteristics can be coded as a separate individual of the 

population. The presence or absence of a specific feature is 

determined by the corresponding element of the chromosome. 

For each combination, a fitness function is calculated that 

reflects the quality of the attribution. After that, the best 

solutions are used to form new combinations using selection, 

crossover and mutation operators. 

Such a mechanism is fundamentally different from the 

simplest selection of the most frequent or statistically 

significant features. The evolutionary algorithm is able to 

detect combinations of features, which individually may have 

limited distinguishing ability, but collectively form a 

rather specific author profile. For example, a certain 

frequency of service words as such may be characteristic of 

a large number of authors. However, its combination with a 

certain distribution of sentence length, features of 

punctuation and the frequency of specific syntactic 

constructions can form a much more individualized stylometric 

marker. 

This highlights one of the key advantages of the 

evolutionary approach: the search is conducted not only within 

the space of individual features but also within the space of 

their interactions. Consequently, evolutionary computation 

can be used to construct a kind of "evolutionary portrait" of 

an author's style, wherein individuality is defined by a 

combination of relatively weak yet complementary 

characteristics. 

Another promising area involves the application of 

genetic programming. Unlike the classical genetic algorithm, 

which focuses primarily on optimizing a fixed solution 

structure, genetic programming allows the structures of 

analytical expressions and rules themselves to evolve. For 

authorship attribution tasks, this opens up the possibility 

of automatically generating interpretable classification 

rules that combine various stylometric metrics. 

For instance, the system might search not merely for a 

set of features but for a specific structure of their 

interaction-such as the relative frequencies of certain 

function words, average sentence length, punctuation 

variability, and lexical diversity indices. This can result 

in the formation of an individualized analytical construct 
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that describes the differences between authors not only 

through a final classification category but also through the 

set of characteristics that influenced the decision. 

The issue of the fitness function becomes particularly 

critical here. In authorship attribution tasks, it should not 

be limited solely to a classification accuracy metric. High 

accuracy on a specific corpus might stem from the genre, time 

period, subject matter, or length of the texts, rather than 

from the author's actual style. Therefore, multi-criteria 

evaluation functions-which simultaneously account for 

attribution accuracy, result stability, feature set 

compactness, the model's ability to generalize to new texts, 

and noise robustness-offer greater promise. 

Adopting the principle of multi-criteria optimization 

allows for a shift from seeking a merely "accurate" model to 

finding a balanced solution. Consequently, an optimal 

configuration can simultaneously ensure high discriminative 

power and a relatively small number of features. This is 

particularly significant in textology, where a researcher 

needs not only to obtain an automated result but also to 

interpret the grounds upon which that result was generated. 

An important avenue of development involves hybridizing 

evolutionary computation with machine learning methods. An 

evolutionary algorithm can serve as an intelligent feature 

selector and parameter optimizer, while the machine learning 

classifier performs the actual attribution. Such an 

architecture enables the separation of two interdependent 

tasks: identifying an informative feature space and 

constructing a classification model. 

In the future, such hybrid systems could integrate 

evolutionary algorithms, statistical analysis methods, 

machine learning, natural language processing, and big text 

data analysis technologies. In this setup, the evolutionary 

component performs adaptive search, while other intelligent 

methods handle the extraction, representation, and 

interpretation of linguistic information. 

The application of evolutionary calculations in textology 

acquires special importance. If classical attribution mainly 

solves the question "to whom does the text belong?", 

textological research can contain a wider set of tasks: 

establishing the origin of the text, comparing redactions, 

identifying later interventions, analyzing variants, 

reconstructing the text and determining the degree of 

proximity of different text versions. 
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In these tasks, evolutionary methods can be used to find 

the optimal correspondence between text variants, identify 

stable and changing elements, cluster texts and identify 

hidden structural regularities. The use of evolutionary 

mechanisms for the analysis of large corpora, in which the 

manual comparison of all text variants becomes time-consuming 

or practically impossible, is especially promising. 

It is also important to take into account the dynamic 

nature of the author's style. The author does not necessarily 

use the same language means throughout the entire creative 

period. The style may change depending on the author's age, 

genre, subject, historical period, addressee and 

communicative situation. Therefore, a model built for one 

time period may show a decrease in efficiency when analyzing 

texts from another period. 

In this context, evolutionary computing provides the 

possibility of periodic adaptation of the model. At least the 

arrival of new data of the decision population can be 

subjected to additional optimization, as a result of which 

the system is able to change the set of the most significant 

features. Such adaptability is particularly important for 

digital linguistics, where the linguistic environment changes 

much more rapidly than traditional historical corpora. 

Additional complexity is created by the systemic risks of 

digital textology. These include incompleteness of corpora, 

digitization errors, differences in text presentation 

standards, metadata of inadequate quality, genre biases of 

the sample, insufficient volume of reference texts, and the 

presence of texts that have undergone editorial or automatic 

transformation. If such factors are not taken into account, 

the algorithm is able to accept random features of the corpus 

as stable authorial features. 

Therefore, a promising system of evolutionary attribution 

should be oriented not only to the maximization of quality, 

but also to the management of uncertainty. In the evaluation 

function, it is advisable to take into account the sensitivity 

of the result to changes in the composition of the training 

sample, resistance to noise, variability of signs and the 

degree of confidence in the obtained decision. Because of the 

war, it is advisable to present the result of attribution not 

as an absolute statement, but as a reasonable probable 

conclusion with an indication of the stability of the result. 

This approach becomes especially relevant under the 

conditions of the spread of generative artificial 



 
 
 

 

LITERARY STUDIES 
 
 

119 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

intelligence. Automatically generated or significantly human-

edited texts may violate traditional notions of the author's 

style. Blending of human and machine text, automatic 

redaction, paraphrasing, and translation can alter individual 

stylometric characteristics. Therefore, future attribution 

systems should take into account both traditional authorship 

markers and the probability of transformation of the original 

text. 

Evolutionary computations can be useful here as well, as 

they allow adaptive search for stable features in the 

conditions of a changed feature space. At the same time, the 

joint use of surface stylistic signs and deeper linguistic 

representations, including syntactic, semantic and discursive 

characteristics, becomes promising. 

Thus, the modern trend involves a shift from static 

attribution to adaptive, intelligent attribution. In the 

traditional model, the set of features and system parameters 

are predefined by the researcher. In the evolutionary model, 

the analytical configuration itself becomes the object of 

optimization. The system does not merely answer the question 

of whether a text belongs to a specific author; rather, it 

seeks the most informative representation of the author's 

style for a given corpus and research task. 

Looking ahead, the development of multi-level 

evolutionary linguistic systems is a possibility. The first 

level involves the collection and normalization of text data; 

the second, the automatic extraction of a wide range of 

potential features; the third, the evolutionary selection and 

combination of features; the fourth, machine classification; 

the fifth, the assessment of result stability and uncertainty; 

and the sixth, the researcher's interpretation of the 

identified authorial markers. 

Human-machine interaction takes on particular importance 

in this process. Despite the high computational efficiency of 

the algorithms, the final textological interpretation must 

account for historical, cultural, genre-related, and 

biographical contexts. Evolutionary computing should be 

viewed not as a replacement for the textology specialist, but 

as a tool to expand their analytical capabilities. The machine 

is capable of exploring a vast space of feature combinations, 

while the researcher provides a meaningful interpretation of 

the patterns discovered. 

A promising avenue is the creation of self-adapting 

evolutionary systems capable of adjusting search parameters 
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based on the nature of the corpus. For historical texts, 

certain groups of features may take priority, whereas for 

modern digital communication, others do. Similarly, the 

attribution of fiction, scholarly texts, journalism, social 

media content, and business communication requires distinct 

models of authorial profiles. 

Evolutionary computation may gradually evolve from a 

supplementary optimization tool into an independent 

intelligent mechanism for generating linguistic hypotheses. 

Its potential lies in the ability to handle vast numbers of 

candidate solutions, uncover latent feature combinations, 

adapt to changing data, and identify robust patterns amidst 

uncertainty. 

Conclusions.  

The analysis demonstrates that evolutionary computation 

holds significant potential for addressing complex tasks 

related to authorship attribution and textology in modern 

linguistics. Its fundamental value lies in the ability to 

conduct an intelligent search within the high-dimensional 

space of potential stylometric features and to identify 

combinations of these features that most comprehensively 

characterize the unique nature of an author's style. 

A key application of evolutionary computation is the 

automated selection and combination of features 

characterizing word frequency, sentence length, punctuation 

patterns, syntactic structures, lexical diversity, and other 

textual parameters. In this context, an individual authorial 

marker is viewed not as an isolated characteristic, but as 

the result of a complex interplay among a multitude of 

relatively stable features. 

The development of hybrid evolutionary-intelligent 

systems-combining genetic algorithms, genetic programming, 

machine learning methods, statistical analysis, and natural 

language processing technologies-represents a promising 

direction. Such integration enables the simultaneous 

optimization of feature spaces, model parameters, and 

classification procedures, thereby enhancing the analytical 

system's adaptability. 

Amidst turbulence, uncertainty, and systemic risks, the 

shift from static attribution models to adaptive systems is 

becoming increasingly important. Changes in linguistic 

practices, the structure of digital corpora, genres, editing 

methods, and the emergence of texts created or transformed by 

artificial intelligence necessitate the continuous 
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verification of authorial marker stability and the capacity 

for model re-optimization. For textology, the potential of 

evolutionary computing lies not only in authorship 

attribution but also in the automated comparison of textual 

variants, the identification of transformation patterns, 

corpus clustering, and support for reconstructing textual 

history. This expands the scope of evolutionary methods from 

the narrow task of classification to comprehensive 

intelligent support for textological research. 

Thus, the future development of evolutionary computing in 

modern linguistics should be linked to the creation of 

adaptive, hybrid, and interpretable intelligent systems for 

authorship attribution. Their prospective architecture must 

ensure not only high classification accuracy but also 

robustness against noise and incomplete data, uncertainty 

assessment, the interpretability of identified authorship 

markers, and adaptability to new text types. 

In a broader scientific context, evolutionary computing 

facilitates a promising shift from the traditional search for 

predefined authorship features to the intelligent discovery 

of optimal configurations. It is precisely the ability of 

evolutionary algorithms to explore vast numbers of potential 

feature combinations-and to identify stable, individual 

patterns within them-that lays the foundation for a new 

generation of authorship attribution systems and digital 

textology, designed to operate within the dynamic, uncertain, 

and rapidly evolving environment of modern linguistics. 
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Abstract. The global circulation of Korean cultural products has expanded interest 

in Korean Studies, but familiarity with K-pop, drama, film, or food does not 

automatically produce cultural competence. This conceptual article examines how 

Korean culture can be taught as an interpretive, comparative, and interactional 

field rather than as a list of facts. Twelve peer-reviewed studies published 

between 2023 and 2026 were synthesised around cultural representation, learner 

motivation, intercultural pedagogy, and assessment. The article proposes the 

K-CULT sequence: Knowledge in context, Comparative inquiry, Understanding 

perspectives, Lived interaction, and Transfer through reflection. The model 

connects historical memory, everyday practices, language pragmatics, popular 

culture, and contemporary social change with observable student performance. 

It requires source triangulation, comparison with learners' own cultural frames, 

guided interaction, and reflection that makes stereotype revision visible. The 

framework is intended for university Korean Studies programmes outside Korea, 

including the Azerbaijani context, and offers a basis for future empirical 

testing. 

Keywords: Korean culture; cultural competence; intercultural learning; Korean 

Studies; Hallyu; critical cultural awareness 

 

 

 

1. Introduction 

Hallyu has altered the starting point of Korean culture 

education. Students may enter university already familiar with 

music, screen narratives, food, and digital fan practices. 

Research shows that this exposure can initiate enrolment, 

sustain enjoyment, and connect learners to imagined Korean-

speaking communities [3-5, 12]. Yet cultural consumption is 

not competence. Learners may still treat entertainment as 

social evidence, repeat stereotypes, or lack the pragmatic 

judgement required in interaction. Interest is therefore a 

pedagogical resource, not a sufficient learning outcome. 

This article asks how Korean culture instruction can 

develop students' ability to interpret meanings, compare 
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without ranking, communicate flexibly, and revise 

assumptions. The problem is significant because textbooks may 

privilege particular historical, political, moral, or 

idealised national narratives [1, 2], while locally produced 

materials also vary in their capacity to support intercultural 

learning [8]. The aim is to connect recent evidence with a 

practical competence-oriented model for university Korean 

Studies. 

2. Cultural competence as an educational outcome 

Cultural competence integrates contextual knowledge, 

interpretation, curiosity, interaction, and critical 

reflection. Factual knowledge and etiquette rules remain 

useful, but they become misleading when detached from time, 

place, relationship, and internal diversity. A competent 

learner can qualify a claim, generate alternative 

explanations, ask what evidence is missing, and adapt 

behaviour when a familiar rule does not fit a particular 

person or setting. Competence is therefore relational and 

developmental rather than a fixed possession. 

For Azerbaijani students, source-culture comparison is an 

analytic resource. Family relations, hospitality, holiday 

rituals, educational expectations, historical memory, and 

respectful address may appear familiar, but similarity should 

become a question rather than a conclusion. Intercultural 

comparison examines how a value is realised, who participates, 

where variation occurs, and how learners' own categories shape 

what they notice. 

3. Korean culture as curriculum content 

A balanced curriculum combines historical memory, 

everyday life, language pragmatics, popular culture, and 

contemporary social change. Hallyu should function both as an 

engagement resource and an object of inquiry. Instructors 

recognise its motivational and linguistic value, but also 

note problems of rapid obsolescence, level appropriateness, 

and distance from ordinary life [3]. The attractiveness of K-

culture predicts enjoyment, although the teacher's role 

remains equally important [4]. 

Representational triangulation addresses this problem. 

Students compare a cultural product with an informational or 

scholarly source and a first-person voice. They ask what each 

source can show, whose position is absent, and how genre 

shapes the message. Textbook research demonstrates the need 

for such scrutiny because cultural values may be selectively 

emphasised or idealised [1, 2]. Critical reading does not 
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weaken appreciation; it turns admiration into evidence-based 

understanding. 

4. Methodology 

An integrative conceptual review was conducted using 

twelve peer-reviewed works from 2023-2026. Studies were 

selected when they addressed Korean cultural representation, 

Korean-language motivation, intercultural learning, or 

competence-oriented pedagogy. Each source was examined for 

its conception of culture, learner process, teaching 

condition, limitation, and possible evidence of competence. 

Recurrent categories were organised into a teachable 

sequence. The design is interpretive: it proposes a framework 

rather than reporting an intervention with human 

participants. 

5. The proposed K-CULT instructional model 

K-CULT comprises five recursively connected stages 

(Figure 1). It synthesises collaborative culture education 

[6], critical cultural awareness [7], internationalisation at 

home [9], reflective professional learning [10], and context-

responsive Korean teacher competence [11]. Difficulty at any 

stage can return learners to an earlier one. 

 

 
Figure 1 

The K-CULT model for forming cultural competence through 

Korean culture instruction (developed by the author) 

 

5.1. Knowledge in context 

Cultural claims are located in time, place, social 

position, and communicative setting. Students distinguish 
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description from generalisation and use qualified language 

rather than explaining all Korean behaviour through a single 

tradition or value. 

5.2. Comparative inquiry 

Learners compare a specific relationship or problem - 

such as welcoming a guest, refusing an invitation, or 

addressing an older colleague - rather than comparing whole 

nations. They document similarity, difference, variation, and 

evidence. 

5.3. Understanding perspectives 

Critical incidents require several plausible 

interpretations. Students rank explanations by evidence and 

identify what further information is needed. The goal is 

disciplined empathy, not certainty about another person's 

experience. 

5.4. Lived interaction 

Role-play, interviews, virtual exchange, and 

collaborative problem solving make students choose language 

and behaviour in real time. Tasks should require 

clarification, repair, or respectful disagreement rather than 

memorised dialogue [6, 10]. 

5.5. Transfer through reflection 

Students revisit an initial assumption, identify the 

evidence that changed it, and apply the revised principle to 

a new case. Portfolios preserve first responses, revisions, 

feedback, and interaction records so that development becomes 

visible. 

6. Content-task alignment in Korean culture teaching 

Table 1 links cultural domains to student operations and 

observable evidence. The same domain can be revisited at 

increasing complexity: beginners notice address forms, while 

advanced learners analyse how age, status, intimacy, gender, 

and institutional role interact. 

 

Table 1 
Korean cultural domains, learning operations, and competence evidence 

(developed by the author) 

Cultural 

domain 
Illustrative 

materials 
Student operation Observable evidence 

Historical 

memory and 

public 

narratives 

Textbook passages, 

museum pages, 

speeches, 

documentary 

excerpts 

Compare accounts; 

identify 

viewpoint, 

omission, and 

temporal context 

Evidence-based 

explanation that 

distinguishes 

event, memory, and 

narrative 
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Table continuation 1 

Cultural 

domain 

Illustrative 

materials 
Student operation Observable evidence 

Social 

relations and 

hierarchy 

Critical incidents 

about age, status, 

family, study, and 

work 

Generate and test 

several 

interpretations 

before judging 

behaviour 

Qualified claims; 

appropriate 

clarification 

questions; 

recognition of 

variation 

Language 

pragmatics 

Dialogues using 

speech levels, 

address terms, 

requests, 

refusals, and 

repair 

Adapt language to 

relationship and 

purpose; explain 

pragmatic choices 

Flexible role-play 

performance and 

successful repair 

of misunderstanding 

Everyday life 

and ritual 

Food, housing, 

school, leisure, 

Seollal, Chuseok, 

life-cycle 

practices 

Compare products, 

practices, and 

perspectives with 

an Azerbaijani 

case 

Comparison that 

avoids equivalence, 

ranking, and 

national 

generalisation 

Popular and 

digital 

culture 

K-drama, film, K-

pop, webtoons, fan 

communities, 

platform content 

Triangulate 

entertainment with 

research and 

first-person 

accounts 

Genre-aware 

interpretation that 

separates 

representation from 

social evidence 

Diversity and 

social change 

Regional, 

generational, 

gender, migration, 

religious, and 

occupational 

voices 

Map agreement, 

tension, and 

absent positions 

across sources 

Recognition of 

within-culture 

diversity and 

ethically framed 

uncertainty 

 

7. Teaching strategies 

Three strategies are especially productive. Critical 

incidents slow interpretation by asking students to record an 

initial explanation, expose assumptions, request context, and 

revise. Comparative portfolios connect a Korean artefact with 

an Azerbaijani case and preserve changes after feedback. 

Media-text triangulation compares entertainment with research 

and personal accounts, retaining Hallyu's motivational value 

while preventing it from being treated as a transparent record 

of society [3-5, 12]. 

Guided intercultural interaction may use virtual 

exchange, invited speakers, or paired interviews. Preparation 

and debriefing are essential: questions should invite 

personal experience without making one participant represent 
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a nation. Structured internationalisation-at-home 

environments can support adaptability even without study 

abroad [9]. Multiple regional, generational, and social 

voices should be included so that Korean culture is 

encountered as internally diverse. 

An illustrative unit on Korean speech levels shows how 

the sequence works. Students first annotate two short 

dialogues for relationship, status, age, and communicative 

purpose. They then compare the choices with forms of 

respectful address in Azerbaijani, noting where apparent 

similarity conceals different pragmatic meanings. A critical 

incident changes one contextual variable: a senior colleague 

invites a younger employee to speak more informally, but the 

employee remains cautious. Learners propose several 

explanations, ask what information is missing, and perform 

the scene with alternative responses. After peer feedback, 

they explain which language choice they revised and transfer 

the same reasoning to a university or online setting. The 

task therefore assesses contextual knowledge, comparison, 

perspective-taking, interaction, and reflection within one 

coherent learning cycle. 

8. Assessment of cultural competence 

Assessment should sample five dimensions: contextual 

accuracy, interpretation of perspectives, comparative 

decentring, interactional appropriateness, and reflective 

transfer. Evidence may include annotated media, comparative 

commentaries, role-play recordings, and journals. Submitting 

an initial interpretation, a revised version, and an 

explanation of the revision rewards intellectual movement 

rather than confident but unsupported claims. Assessment 

should value clarification and repair, never imitation of an 

imagined Korean identity. 

9. Discussion 

The literature converges on a central principle: cultural 

content forms competence only when it is linked to 

interpretation, interaction, and reflection. Textbook 

analyses reveal selectivity [1, 2, 8]; motivation studies 

demonstrate the value of K-culture [3-5, 12]; and 

intercultural research supports structured collaboration [6, 

7, 9, 10]. The teacher therefore acts as an evidence curator 

and intercultural mediator. Non-native Korean teachers can 

be particularly effective when professional learning 

supports contextual adaptation [11]. The model remains 

conceptual and should be tested through performance tasks, 
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portfolio analysis, observation, and delayed transfer 

measures. 

10. Conclusion 

Korean culture education develops competence when culture 

is taught as lived, diverse, and open to revision. The K-CULT 

sequence moves students from contextual knowledge through 

comparison and perspective-taking to interaction and 

transfer. Its intended outcome is not a learner who claims to 

know how all Koreans think, but one who approaches unfamiliar 

situations with accurate knowledge, interpretive care, 

communicative flexibility, and the humility to revise an 

explanation. 
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Анотація. У статті досліджується трансформація естетичного досвіду в умовах 

цифровізації культури крізь призму зміни темпорального режиму сприйняття образу. 

Аналізується перехід від наративно організованої тривалості до режиму 

безперервного потоку, в якому цифровий образ функціонує як короткотривалий 

сенсорний та афективний імпульс. Теоретичною основою дослідження є концепції 

hauntology, «кіно атракціонів» та теорії технічного образу. Обґрунтовується теза 

про актуалізацію атракціонної логіки в алгоритмічно організованому медійному 

середовищі. Водночас запроваджується поняття контратракціону для характеристики 

художніх практик, що протиставляють миттєвості цифрового потоку режими затримки, 

очікування, тривалості та рефлексії. Показано, що естетичний статус цифрового 

образу визначається не лише його формальними властивостями, а й темпоральною 

структурою його сприйняття. 

Ключові слова: виробництво афекту, трансформації естетичного досвіду, 

темпоральність. 

 

 

 

Цифровізація сучасної культури означає не лише зміну 

технологій виробництва, зберігання та поширення образів: 

набагато більш істотним є те, що змінюється сам режим їхнього 

сприйняття оскільки цифровий образ дедалі частіше функціонує 

як короткотривалий сенсорний імпульс, включений у 

безперервний потік конкуруючих зображень; у таких умовах 

увага глядача організується вже більше не тривалістю 

споглядання, а перемиканням; образ не обов’язково 

розгортається в часі, а прагне негайно привернути увагу й 

викликати афективну реакцію. Відтак трансформацію цифрової 

культури доцільно розглядати не лише як медійну чи 

технологічну, а як темпоральну трансформацію естетичного 

досвіду. 

Ця трансформація пов’язана з ширшою кризою історичної 

темпоральності та суб’єкта/суб’єктивності, яку різними 

мовами, через призму різних підходів та в різних аспектах 

описували Вальтер Беньямін, Фредрік Джеймісон, Вілем Флюссер, 

Теодор Адорно, Карл Зіммель, Мішель Фуко, Мартін Гайдеггер та 
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інші філософи, культурологи та теоретики сучасності. Однією 

з її характерних рис є послаблення уявлення про історичний 

час як лінійну послідовність минулого, теперішнього й 

майбутнього. Майбутнє дедалі менше постає як відкритий 

горизонт колективного проєктування (що особливо наголошує 

Джеймісон у збірці своїх есеїв Signatures of the Visible), 

тоді як минуле повертається у формі цитати, ностальгії, 

архівного фрагменту та стилістичного чи то радше жанрового 

пастішу: саме тому сучасна культура демонструє парадоксальну 

ситуацію, для якої характерно те, що надзвичайно інтенсивне 

технологічне виробництво образів майбутнього супроводжується 

постійним відтворенням образів минулого. 

У понятті hauntology, запропонованому Жаком Дерріда, ця 

проблема осмислюється через неможливість остаточного 

завершення минулого: те, що вже не є присутнім, продовжує 

впливати на теперішнє у формі примари, сліду або повернення. 

У цифровій культурі ця структура набуває особливої 

виразності, оскільки технічні можливості архівування, 

відтворення та повторної контекстуалізації зменшують часову 

дистанцію між історичним образом і сучасним сприйняттям, при 

цьому, минуле не просто «повертається», а постійно 

включається в актуальний медійний потік, де його історичний 

статус співіснує з функцією сучасного цифрового контенту.  

Такі явища, як remix culture, culture jamming, digital 

collage та сучасна практика AI-generated imagery, 

демонструють цю логіку особливо виразно. Їх об’єднує не просто 

інтерес до минулого, а специфічне ставлення до його матеріалу: 

історичні форми стають доступними для негайного повторного 

використання, внаслідок чого часові дистанції між різними 

культурними періодами стискаються і, наприклад, зображення 

датоване 1980-ми роками, фрагмент раннього кіно, приклад 

модерністського дизайну або оцифрована фотографія з 

домашнього архіву, що стала частиною архіву цифрового, можуть 

одночасно функціонувати як історичний документ, естетична 

маніфестація, цитатний матеріал і актуальний візуальний 

контент. 

Саме тут проблема темпоральності перетинається з 

проблемою атракціону, бо ж поняття cinema of attractions, 

сформульоване Томом Ганнінгом, дозволяє побачити в ранньому 

кінематографі прообраз того режиму образності, який не можна 

редукувати до наративної репрезентації послідовності подій з 

певними причинно-наслідковими зв’язками (що, в свою чергу, 

більш характерно для класичного театру та певного типу 

літератури, програма демонтажу якої була розпочата та 
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провадилася по різному такими різними письменниками як Джойс, 

Кафка, Фолкнер, Селін, Боргес і так далі). Атракціон 

безпосередньо звертається до глядача, демонструє свою 

видовищність, організує увагу та створює сенсорний ефект, 

тоді як у класичному кінематографі ця логіка значною мірою 

була інтегрована в наративну структуру, коли атракціон 

підпорядковувався розвитку історії.  

Однак у цифровому середовищі принцип атракціону набуває 

нової актуальності – йдеться не про буквальне повернення 

раннього кіно, а про радикалізацію його принципу: цифровий 

образ дедалі частіше може функціонувати без необхідності 

тривалого наративного розгортання. Його завданням стає не 

розповісти історію, а привернути увагу, викликати реакцію, 

створити афективний або сенсорний ефект; у цьому сенсі 

атракціон можна розглядати як ширшу металогіку технічного 

образу, яка історично змінює свої медійні форми, але зберігає 

принцип безпосереднього впливу на глядача. 

Ця перспектива дозволяє поєднати Ганнінга з теоріями 

афекту, технічного образу та посткінематографічної культури. 

У працях Жиля Дельоза, Стівена Шавіро, Вілема Флюссера та 

інших авторів образ розглядається не лише як носій значення, 

але і як подія, що впливає на тіло, увагу та сприйняття. 

Цифрове зображення в такому разі є не просто репрезентацією 

певного об’єкта – натомість, воно є, скоріше, темпорально 

організованим імпульсом, який визначає тривалість контакту, 

швидкість реакції та можливість, і навіть необхідність, 

переходу до наступного образу. 

Платформна культура коротких відео — TikTok, Instagram 

Reels, YouTube Shorts — демонструє цю трансформацію особливо 

рельєфно, через те що тут зображення включене в алгоритмічно 

організований потік, де кожен окремий фрагмент конкурує за 

обмежений ресурс уваги. Повторюваність, монтажна щільність, 

візуальна інтенсивність, звуковий дизайн і швидке 

переключення між фрагментами створюють режим сприйняття, в 

якому атракційність розкривається (а не створюється) як 

базова, хоча часто неочевидна властивість медіального 

середовища. Тривалість образу визначається вже не лише 

авторським монтажем, а й структурою інтерфейсу та 

алгоритмічним відбором наступного стимулу. 

Таким чином, зміна медіального образу супроводжується 

зміною темпоральності сприйняття: якщо традиційний наратив 

передбачає певну тривалість, накопичення інформації, 

очікування та пам’ять про попередні елементи, то сучасний 

медійний, «атракціонний» образ тяжіє до моментальності. Він 
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має бути зрозумілим або відчутним до того, як увага 

переміститься далі. Виникає специфічний тип естетичного 

досвіду, в якому інтенсивність витісняє тривалість, а 

безпосередній ефект (сутність якого в афективному враженні 

глядача) — поступове розгортання значення. 

Проте ця тенденція не означає повного зникнення тривалого 

або рефлексивного естетичного досвіду: радше навпаки, сучасне 

мистецтво може використовувати цифрові та 

посткінематографічні засоби для створення протилежного режиму 

сприйняття. Якщо алгоритмічний атракціон прагне скоротити час 

між стимулом і реакцією, мистецький образ може, навпаки, 

створювати простір очікування, затримки та невизначеності і, 

у такому випадку, глядач не просто отримує образ, а змушений 

перебувати в його тривалості. 

Це дозволяє ввести поняття контратракціону — не як 

заперечення атракційності взагалі, а як іншого способу 

організації уваги. Контратракціон не відмовляється від 

сенсорного впливу, проте перетворює його на умову тривалого 

споглядання. Замість негайної реакції він продукує 

очікування; замість швидкого перемикання — затримку; замість 

споживання окремого імпульсу — досвід темпоральної 

невизначеності. 

Особливого значення в цьому контексті набуває музей. 

Традиційно музей організовував історичний час через 

послідовність експозиції: окремі твори були включені в певну 

історію стилів, періодів та художніх рухів. Цифрова культура 

змінює і цю інституційну темпоральність: музей дедалі більше 

функціонує як медіальне середовище, де виставка одночасно 

існує як фізична експозиція, цифровий архів, подія та 

сукупність зображень, які циркулюють у соціальних мережах. 

Відтак музей стає простором конфлікту різних часових 

режимів: історичної тривалості твору, темпоральності 

виставки, миттєвості цифрової публікації та алгоритмічного 

потоку. 

У цьому конфлікті змінюється саме поняття естетичного 

досвіду. Проблема сучасної цифрової культури полягає не 

просто у величезній кількості вироблених зображень – значно 

важливішим є те, в якому часовому режимі ці зображення стають 

об’єктами сприйняття, бо, до прикладу, один і той самий образ 

може бути історичним документом, архівним матеріалом, 

елементом алгоритмічного потоку або об’єктом тривалого 

художнього споглядання. Отже, його естетичний статус залежить 

не тільки від формальних характеристик, а й від темпоральної 

структури, в яку він включений. 
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Таким чином, перехід від кінематографічного атракціону до 

цифрового та алгоритмічного образу можна розглядати як одну 

з ключових трансформацій сучасного естетичного досвіду. 

Атракціон, що історично означав безпосереднє звернення образу 

до глядача, у цифровому середовищі стає фундаментальним 

принципом організації уваги. Водночас цифровий recycling – 

постійна медіа-рециркуляція образів свідчить про кризу 

лінійної історичної темпоральності: минуле постійно 

повертається в теперішнє, тоді як майбутнє дедалі частіше 

переживається не як горизонт, а як черговий образ або 

властивий цьому образу афект. 

Однак ця трансформація не визначає можливості мистецтва 

у ключі детермінізму, бо ж сучасні художні практики можуть як 

посилювати атракційну логіку цифрової культури, так і 

створювати альтернативні режими сприйняття — тривалість, 

очікування, пам’ять, паузу та рефлексію. Саме в цьому 

напруженні – між миттєвістю атракціону та тривалістю досвіду 

– відкривається одна з центральних проблем сучасного 

мистецтва. Його критичний потенціал може полягати не стільки 

у відмові від цифрового образу, скільки у здатності критично 

осмислити численні потенціали останнього, включно з 

потенціалом, властивістю продукувати афекти.  

 

Список джерел: 
[1] Jameson, Fredric. Signatures of the Visible. Routledge, 1990.  

 

 

 

 



 
 
 

 

CHEMISTRY AND MATERIALS SCIENCE 

136 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

Rapid Determination of Copper(II) Ions 

in Drinking Water Using Plant-Derived 

Fluorescent Carbon Dots 

 
Aslanli Nazli Rafiq1 

 

 
1Student, Faculty of Chemistry,  

Baku State University; Baku, Azerbaijan 

 

 

 

 

Abstract. This methodological article proposes a rapid fluorescence-quenching 

assay for Cu(II) in drinking water using plant-derived carbon dots. Studies from 

2023–2026 guide precursor selection, synthesis, signal processing and validation. 

The workflow integrates hydrothermal preparation, purification, controlled 

fluorescence measurement, matrix-matched calibration and reference-method 

confirmation. No original measurements are claimed; analytical performance remains 

a validation requirement. The design is intended for green analytical-chemistry 

research and preliminary screening. 
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1. Introduction 

Copper is an essential trace element, but excessive 

dissolved copper can impair water quality and create health 

and aesthetic concerns. Conventional determination by atomic 

absorption or inductively coupled plasma spectrometry is 

reliable, yet it requires laboratory infrastructure. 

Fluorescent carbon dots offer a complementary screening route 

because they are water-dispersible, photoluminescent and rich 

in surface groups that can coordinate metal ions. Plant 

residues add a circular-chemistry advantage by converting 

low-value biomass into a sensing material. Recent reviews 

emphasize both the promise and the strong dependence of plant-

derived dots on precursor composition and synthesis history 

[4,10,12]. This work develops a publication-ready analytical 

framework for Cu(II) screening without presenting unperformed 

experiments. 

2. Recent evidence and research need 

Current evidence supports several renewable precursors. 

Mandarin-peel dots have been evaluated in tap and drinking 

water [5]; lemon-peel N,Si-codoped dots showed Cu(II)-
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dependent fluorescence quenching [6]; amine-functionalized 

lignin dots enabled selective trace sensing in aqueous media 

[7]; and pine-cone lignin with lysine produced nitrogen-

doped dots for water analysis [1]. Green-precursor dots were 

also tested in river samples [2]. Dual-emission, magnetic 

and paper-supported systems illustrate how internal 

referencing, separation and portable formats can improve 

robustness [3,8,9]. The remaining need is not another 

isolated fluorescence response, but a complete method 

connecting precursor control, purification, quenching 

mechanism, matrix effects, calibration and confirmatory 

analysis. 

3. Formation and optical properties of plant-derived 

carbon dots 

Hydrothermal treatment dehydrates, condenses and 

carbonizes sugars, phenolics, amino acids and lignocellulosic 

fragments. The nanoscale carbon cores carry oxygen- and 

nitrogen-containing surface states that support water 

solubility and fluorescence. Because a botanical precursor is 

heterogeneous, its species, storage and pretreatment become 

analytical variables. Temperature and time influence particle 

size and conjugation, whereas pH and dopants alter surface 

passivation. Dialysis or ultrafiltration is essential because 

fluorescent molecular by-products can mimic carbon-dot 

emission. UV–visible spectra, excitation–emission maps, 

quantum yield, FTIR, XPS, TEM and storage studies should be 

interpreted together [4,10,12]. Bright emission alone does 

not prove reproducibility. 

4. Cu(II)-induced fluorescence response 

Cu(II) can coordinate carboxylate, hydroxyl and amino 

groups on the carbon-dot surface and reduce fluorescence 

through electron or energy transfer, static complex 

formation, dynamic collisions or an inner-filter 

contribution. Static quenching changes ground-state 

association, while dynamic quenching shortens fluorescence 

lifetime; inner-filter effects arise when Cu-containing 

species absorb excitation or emission light. Recent studies 

report more than one mechanism, so the selected dots must be 

tested rather than assigned a pathway by analogy [2,6,8,10]. 

Absorption spectra, lifetime measurements, temperature 

dependence and Stern–Volmer behavior should be combined. 

 

F₀ / F = 1 + KSV[Cu²⁺] 
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Here F0 and F are blank and Cu(II)-exposed fluorescence 

intensities. Curvature requires a restricted range or a 

justified nonlinear model. 

5. Choice of precursor and sensor architecture 

Citrus peel is proposed as the primary precursor because 

it is abundant, easily washed and supported by direct 

drinking-water evidence [5,6]. A nitrogen donor such as lysine 

may be evaluated as a controlled passivating reagent, 

following the lignin-based strategy reported in 2026 [1]. The 

study should compare undoped and nitrogen-modified dots using 

equal precursor carbon mass, reaction volume and purification 

conditions. Selection is based on batch yield, quantum yield, 

blank stability, Cu(II) response, ion selectivity and 

recovery in representative waters—not brightness alone. A 

single-emission fluorimeter is the simplest laboratory 

readout; a dual-emission or reference-dye format may later 

reduce source-intensity and imaging variation [3,8]. All 

additives must be disclosed when the method is described as 

plant-derived. 

6. Recent systems and design implications 

Recent publications demonstrate that precursor identity, 

surface modification and readout format are inseparable from 

analytical performance. Their numerical limits should not be 

compared without considering matrix, calibration model and 

instrumentation. Table 1 therefore summarizes transferable 

design lessons rather than ranking unlike assays. 

 

Table 1 
Selected recent Cu(II) carbon-dot systems and lessons for method design 

Recent system Source Matrix / format Design implication 

Pine-cone lignin N-CQDs [1] 
Water; 

fluorescence 
Renewable lignin plus 

N-doping 

Green-precursor CDs [2] 
River water; 

fluorescence 
Static quenching must 

be verified 

Mandarin-peel CDs [5] 
Tap/drinking 

water 
Direct evidence for 

fruit-peel CDs 

Lemon-peel N,Si-CDs [6] Aqueous Cu(II) 
Surface chemistry 

controls response 

Amine-lignin CQDs [7] 
Aqueous trace 

Cu(II) 
Functionalization can 

improve affinity 

 

7. Author-designed analytical scheme 

The scheme links material preparation to the analytical 

decision; quality controls enter before interpretation, and 
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uncertain or threshold-level findings are directed to a 

validated reference method. 

 

 
Figure 1 

Proposed Cu(II) workflow. Source: designed by the author 

 

8. Proposed experimental procedure 

Washed citrus peel is dried to constant mass, milled and 

dispersed in ultrapure water. Parallel batches are prepared 

without and with a defined nitrogen donor. Hydrothermal 

temperature and time are optimized by a factorial or response-

surface design, after which suspensions are cooled, 

centrifuged, membrane-filtered and dialyzed to constant 

optical background. A Cu(II) stock is prepared from a 

certified standard. Carbon-dot concentration, buffer, pH, 

ionic strength, mixing ratio and reaction time are optimized 

sequentially, while excitation and emission maxima are 

determined experimentally. Unknown drinking-water samples are 

analyzed with a reagent blank, at least six calibration 

levels, a continuing calibration check and matrix spikes. 

Metal-containing residues are collected as hazardous waste. 

9. Signal processing and calibration 

The primary response is the normalized quenching fraction 

Q = (F₀ − F)/F₀. Standards and samples are measured at the 
same dot concentration, pH, temperature and elapsed time. 

Replicate wells are randomized to reduce drift, and blank 

subtraction occurs before normalization. The calibration 

range is selected from residuals, not only the correlation 

coefficient. Weighted regression is considered when variance 

increases with concentration. Limits of detection and 

quantification are estimated from blank variability and 
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slope, then verified experimentally near the proposed 

reporting limit. Portable UV-image analysis may use a fixed 

enclosure and locked exposure, but it requires device-

specific calibration. Smartphone-integrated Cu(II) work shows 

the value of controlled digital processing [11], whereas dual-

emission approaches offer internal referencing [3,8]. 

10. Validation, selectivity and quality assurance 

Validation includes working range, precision, bias, 

recovery, selectivity, dilution integrity, batch 

reproducibility, stability and reference-method agreement. 

Challenges should include Fe(III), Fe(II), Zn(II), Pb(II), 

Cd(II), Hg(II), Ca(II), Mg(II), Na(I) and common anions, first 

individually and then in mixtures. Drinking-water variables—

pH, alkalinity, hardness, residual disinfectant, natural 

organic matter, turbidity and colour—are tested at realistic 

combinations. A new carbon-dot batch is accepted only if its 

blank intensity, emission maximum, control response and 

fortified-sample recovery meet predefined limits. 

Representative samples are compared with ICP-OES, ICP-MS or 

AAS. Results near an action threshold are reported as 

screening findings until confirmed. The positive real-water 

studies in [1,2,5,7] justify validation, but cannot 

substitute for local matrix testing. 

11. Discussion and conclusion 

Plant-derived fluorescent carbon dots can unite renewable 

materials with rapid Cu(II) screening, but green origin does 

not guarantee selectivity or reproducibility. Precursor 

variability, molecular impurities, photobleaching and matrix-

dependent quenching remain major risks. The proposed method 

addresses them through controlled batches, purification, 

mechanistic testing, normalized calibration and independent 

confirmation. Its strongest application is preliminary 

screening and analytical-chemistry research, with later 

adaptation to portable formats. Experimental work is required 

before presentation as a validated quantitative method. 
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Abstract. This article develops an evidence-based strategy for preparing 

benzimidazole derivatives in natural deep eutectic solvents (NADES). Recent peer-

reviewed studies from 2023-2026 were critically combined with an author-designed 

protocol for the condensation of o-phenylenediamine and aromatic aldehydes. The 

proposed media are not treated as passive solvent substitutes: their hydrogen-

bond networks may activate the aldehyde, support proton transfer, promote ring 

closure, and influence aerobic aromatization. Betaine- and choline-based mixtures 

with lactic or malic acid are prioritized, while glycerol-based media serve as 

lower-acidity controls. The workflow integrates solvent characterization, water-

content control, temperature screening, precipitation-based isolation, analytical 

confirmation, and solvent reuse. Performance is assessed through yield, 

selectivity, reaction mass efficiency, process mass intensity, E-factor, energy 

demand, and recovery. No unperformed experiment is presented as measured data; 

the result is a testable methodological framework for sustainable heterocyclic 

synthesis. 

Keywords: benzimidazole; NADES; green synthesis; deep eutectic solvent; 

heterocyclic chemistry; green metrics. 

 

 

 

1. Introduction 

Benzimidazole is a fused nitrogen heterocycle used in 

medicinal chemistry, catalysis, coordination compounds, 

functional materials, and agrochemicals. The common 

condensation of o-phenylenediamine with an aldehyde is 

synthetically attractive, yet conventional procedures may 

require volatile solvents, strong acids, stoichiometric 

oxidants, extraction, or chromatography. Recent reviews 

identify N-heterocycle construction as an important 

application of deep eutectic media [1]. More directly, a 

telescopic benzimidazole synthesis in choline 

chloride/glycerol/water demonstrates that DES-based 
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processing is relevant to this scaffold [2]. 

NADES are formed from naturally occurring or bio-derived 

hydrogen-bond acceptors and donors, including choline 

derivatives, betaine, organic acids, sugars, and polyols. 

Their low volatility and adjustable polarity are useful, but 

natural origin does not automatically prove low toxicity or 

low life-cycle impact. Contemporary studies therefore 

recommend precise composition, phase characterization, water 

measurement, and application-specific safety assessment 

[3,4]. This article proposes a scientifically transparent 

route in which literature-supported observations are 

separated from experimental predictions. 

2. Scientific basis 

2.1. NADES structure and properties 

A homogeneous low-melting mixture should be called a NADES 

only when eutectic behavior is established or reliably 

documented. Composition, molar ratio, thermal history, water 

activity, and purity determine phase stability, acidity, 

polarity, and viscosity. The dynamic network of hydrogen bonds 

and ionic interactions can solvate reactants and alter 

transition-state energies. Small, measured additions of water 

may reduce viscosity; excess water can disrupt the network and 

convert the medium into an ordinary aqueous solution [4,5]. 

2.2. Proposed reaction mechanism 

The net aerobic reaction is o-phenylenediamine + Ar-CHO 

+ 1/2 O2 -> 2-aryl-1H-benzimidazole + 2 H2O. An acidic HBD 

can hydrogen-bond to the aldehyde oxygen and increase carbonyl 

polarization. Nucleophilic addition, proton transfer, and 

dehydration form an imine-like intermediate. Intramolecular 

attack by the second amino group closes the five-membered 

ring, followed by oxidative aromatization. Reviews of DES 

catalysis support combined roles for solvation, acid-base 

activation, and intermediate stabilization [6,7]. 

The optimum medium should provide balanced activation. 

Excess acidity can protonate the diamine and suppress 

nucleophilicity, while a nearly neutral medium may not 

accelerate condensation. Viscosity can restrict mixing and 

oxygen transfer. Therefore, solvent composition, temperature, 

water content, agitation, and exposure to air must be treated 

as coupled experimental variables rather than optimized 

independently. 

3. Materials and methodology 

3.1. Research design and candidate media 

Twelve verified sources published from 2023 to 2026 were 
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selected across five evidence domains: benzimidazole 

synthesis in DES, wider heterocycle formation, NADES 

definition, catalytic behavior, and solvent recovery. Direct 

benzimidazole evidence [2] was given greater weight than 

transferable evidence from related imidazoles [11]. Four 

chemically interpretable candidate media are proposed in 

Table 1. Homogeneity is a preliminary criterion; DSC or phase-

equilibrium evidence is required for a rigorous NADES 

designation. 

 

Table 1 
Author-proposed screening matrix for NADES-assisted benzimidazole 

synthesis 

Candidate medium Ratio Expected function Validation need 

Betaine:lactic 

acid 
1:2 

Acidic carbonyl 

activation 

DSC, water, pH, 

viscosity 

Choline 

chloride:lactic 

acid 

1:2 
Solvation and proton 

transfer 

DSC, FT-IR, water, 

viscosity 

Choline 

chloride:malic 

acid 

1:1 
Stronger acidic 

network 

DSC/TGA and thermal 

stability 

Betaine:glycerol 1:2 Lower-acidity control 
Phase stability and 

control conversion 

 

3.2. Author-designed experimental workflow 

The HBA and HBD are weighed at the selected ratio and 

mixed at the lowest temperature that gives a stable liquid. 

Preparation time, mass change, appearance, water content, FT-

IR spectrum, viscosity, and, where possible, DSC are recorded. 

The model reaction contains o-phenylenediamine (1.00 mmol), 

benzaldehyde (1.00 mmol), and a documented mass of NADES. It 

is stirred at 60, 80, or 100 degrees C under air and monitored 

by TLC. Conventional-solvent, HBA-only, HBD-only, and oxygen-

limited controls are run under matched conditions. 

After maximum conversion, water is added gradually to 

precipitate the benzimidazole while retaining the hydrophilic 

NADES components in solution. The solid is filtered, washed, 

dried, and characterized. Water is removed from the filtrate 

under reduced pressure; the recovered medium is weighed, re-

characterized, and reused. Recovery is accepted only when 

both solvent mass and catalytic performance remain stable. 

Figure 1 summarizes the closed-loop design. 
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Figure 1 

Author-designed NADES-assisted benzimidazole synthesis and solvent-reuse 

workflow 

Source: developed by the authors for the present methodological study. 

 

3.3. Identification and green metrics 

Identity is verified by melting point, FT-IR, 1H NMR, and 

13C NMR; mass spectrometry and chromatographic purity are 

added where available. Conversion and isolated yield are 

reported separately because product solubility can distort 

recovery. The assessment includes reaction mass efficiency, 

process mass intensity, E-factor, temperature-time energy 

demand, solvent recovery, and retained activity over reuse 

cycles. Water, extraction solvent, washing liquid, drying 

agents, and regeneration energy are included in the mass 

balance [8]. 

4. Results of the critical evidence synthesis and 

discussion 

4.1. Feasibility and expected substrate effects 

Recent evidence supports the feasibility of DES-enabled 

heterocycle construction but does not justify assuming 

uniformly high yield. The direct telescopic benzimidazole 

study [2] and broader heterocycle review [1] show that 

eutectic media can support sequential bond formation. A 2025 

imidazole study further demonstrates dual solvent-catalyst 

behavior, water-triggered isolation, and reuse [11]. These 

results justify laboratory screening of natural acidic media, 

while the 2025 NADES review clarifies that mixture-specific 

characterization remains essential [9]. 

The substrate panel should include benzaldehyde, 

electron-poor and electron-rich para-substituted aldehydes, 

an ortho-substituted aldehyde, and a heteroaromatic aldehyde. 
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Electron-withdrawing groups may accelerate nucleophilic 

addition, whereas steric congestion may slow condensation or 

cyclization. Conversion must be measured independently of 

isolated yield because a product that remains soluble in the 

NADES-water phase can appear unreactive despite substantial 

chemical conversion. 

4.2. Water, viscosity, and selectivity 

Water has two opposing effects. A controlled amount can 

lower viscosity, improve mixing, and increase oxygen 

transfer; excessive water can weaken the organized hydrogen-

bond network and change substrate partitioning. The 

experimental record should therefore state water as a measured 

mass fraction. Temperature must be evaluated together with 

water content because heating also reduces viscosity and may 

remove water. Chemoselectivity should be followed for both 

dihydrobenzimidazole intermediates and 1,2-disubstituted 

products, since reaction rate alone does not establish a clean 

green route. 

4.3. Recovery, safety, and the green claim 

The main process advantage is possible elimination of 

chromatography: water addition may precipitate the product 

and permit filtration. Recovered NADES should be compared 

with fresh material by mass, FT-IR, water content, and 

viscosity over at least five cycles. Regeneration and disposal 

are part of the environmental assessment, since downstream 

operations may dominate the burden of a low-volatility medium 

[8]. 

Low vapor pressure reduces inhalation and VOC emissions 

but does not eliminate toxicity. Acidity, osmotic effects, 

impurities, and interactions between components can change 

biological behavior. A metal-containing or strongly synthetic 

DES should not be relabeled as natural. Recent perspectives 

in pharmaceutical and asymmetric catalysis accordingly 

present NADES as multifunctional media while emphasizing 

industrial relevance, safety, and compositional limitations 

[9,10,12]. 

5. Optimization and validation 

Optimization proceeds sequentially: feasibility 

screening, temperature-water-loading optimization, substrate 

scope, work-up comparison, reuse, and gram-scale 

confirmation. Each optimized condition is repeated 

independently at least three times and reported as mean plus 

standard deviation. A condition advances only when it combines 

reproducible conversion, clean selectivity, simple isolation, 
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and favorable mass metrics. Mechanistic controls compare the 

complete NADES with its separate HBA and HBD, vary oxygen 

exposure, and test defined water levels. 

Mechanistic interpretation should rely on converging 

evidence. Carbonyl-band shifts in FT-IR may support hydrogen 

bonding but do not alone prove catalytic activation. Initial-

rate comparisons between the complete NADES, its separate 

components, and an acidity-matched control can distinguish 

network effects from ordinary acid catalysis. Independent 

synthetic replicates must not be replaced by repeated 

instrumental measurements of one batch. Reporting individual 

results, confidence intervals, spectra, and complete mass 

calculations makes the optimization auditable and prevents a 

favorable isolated yield from concealing poor conversion or 

solvent-intensive recovery. 

6. Limitations 

This article proposes a research design and does not 

report new experimental yields, spectra, toxicity values, or 

recycling percentages. Laboratory validation is therefore 

required before superiority over a conventional route can be 

claimed. Other limitations are inconsistent DES terminology 

and limited mixture-specific safety data. Future work should 

combine phase analysis, kinetics, spectroscopy, broader 

substrate scope, and life-cycle assessment using fully 

disclosed solvent composition and recovery procedures. 

7. Conclusion 

NADES can potentially combine solvation, carbonyl 

activation, proton transfer, low volatility, and 

recoverability in benzimidazole synthesis. The proposed 

method prioritizes choline- and betaine-based acidic media, 

compares them with a lower-acidity control, and evaluates the 

entire reaction-isolation-reuse cycle. Its central 

requirement is verification: eutectic behavior, product 

identity, purity, solvent stability, safety, and complete 

green metrics must all support the final claim. 
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Abstract. This methodological article proposes a two-zone paper platform for rapid 

Pb(II) and Cd(II) determination in water. Rhodizonate-cellulose and dithizone–

DTAB–silica zones are combined with controlled imaging, calibration and quality 

control. Twelve peer-reviewed sources from 2023–2026 guide the design. With no 

original measurements, performance characteristics remain validation 

requirements. The platform is intended for analytical-chemistry education and 

preliminary screening; threshold-level results require confirmation by a reference 

method. 

Keywords: Pb(II); Cd(II); paper sensor; colorimetry; water analysis. 

 

 

 

1. Introduction 

Lead and cadmium enter water through mining, metal 

processing, batteries, pigments, fertilizers, electronic 

waste and corroding infrastructure. Their persistence and 

toxicity make rapid screening important, although 

authoritative measurement usually relies on atomic 

spectrometry. Paper devices bridge sampling and laboratory 

confirmation through capillary transport, low reagent volume 

and visible response. Recent reviews identify affordability, 

portability and multiplexing as major advantages [1,3]. 

Rigorous control is still necessary: cellulose porosity, 

background colour, humidity, reagent distribution and camera 

processing can change the signal. The present work therefore 

treats paper, recognition chemistry, sample, illumination and 

calibration as one analytical system. Its objective is an 

original methodology for separate Pb(II) and Cd(II) zones, 

not unperformed experiments. 

2. Recent evidence and analytical gap 

Work from 2023–2026 shows rapid development of portable 

heavy-metal sensors. A microfluidic paper device combined 
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Pb(II)/Cd(II) electrochemistry with an RGB zone [2]. 

Cellulose-trapped lead–rhodizonate enabled device-free Pb(II) 

screening [4], while dye-impregnated paper produced visible 

responses [6]. Cd(II) has been measured through dithizone–

surfactant–silica colour [5], dipsticks [7], selective 

chemosensors [8] and smartphone assays [10]. Quantum-dot 

Pb(II) sensing [9], multi-metal strips [11] and machine-

learning interpretation [12] further expand field readout. 

Yet solution limits cannot be transferred automatically to 

paper, single-ion tests do not reproduce natural matrices, 

and automatic camera settings alter colour. The proposed 

design uses isolated zones, one image reference and explicit 

acceptance criteria. 

3. Colorimetric measurement principle 

Metal coordination changes the spectrum of a chromophore; 

on paper, scattering and capillary transport also affect the 

observed colour. The signal depends on complex concentration, 

deposited reagent mass, wet area, drying history and 

illumination. Digital images provide RGB or CIELAB values, 

but the response channel must be selected during method 

development. If I0 is the mean channel intensity of the 

reagent blank and I is the value after reaction, an 

absorbance-like response is: 

 

Achannel = log10(I0 / I) 

 

A calibration model is accepted only when the response is 

monotonic, unsaturated and free of structured residuals. An 

internal white/grey reference captured in the same frame 

reveals illumination or exposure drift. CIELAB colour 

difference may support the primary channel, but unknown 

samples must be processed by the same predefined algorithm 

[3,10,11]. 

4. Lead(II) recognition zone 

Rhodizonate is selected for the Pb(II) zone because lead 

forms a strongly coloured complex with oxygen-donor sites. 

Cellulose can kinetically retain the product and reduce 

uncontrolled bulk precipitation. A recent microdrop study 

reported an approximately 1 mg L−1 visual and quantitative 

limit with extensive ion comparison [4]. This supports 

screening but does not establish compliance-level sensitivity 

for every water matrix. The proposed zone therefore pairs 

rhodizonate-treated cellulose with an untreated optical blank 
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from the same paper lot. Reagent loading, pH, applied volume, 

drying conditions and reading time are optimized together. 

Alternative EBT and BTB paper systems have reported limits of 

18 and 6 mg L−1 [6], indicating suitability mainly for higher 

contamination. Values outside the validated range are diluted 

or reported qualitatively; they are never estimated by 

extrapolating the calibration. 

5. Cadmium(II) recognition zone 

Cadmium is difficult to distinguish because many sulfur- 

and nitrogen-donor ligands also bind Pb(II), Hg(II), Zn(II) 

and Cu(II). Dithizone selectivity depends strongly on 

acidity and ligand environment. A silica-sol system modified 

with DTAB and dithizone produced an immediate purple-to-

orange Cd(II) response, a 0.01–0.25 mg L−1 range and a 

reported 5.0 μg L−1 solution limit [5]. The proposed Cd(II) 

zone immobilizes this formulation as a reproducible thin 

layer, but its paper performance must be validated 

independently. Recent dithizone dipsticks reported 0.10 mg 

L−1 for Cd(II) with a response within 60 s [7]; a newer 

paper chemosensor reported visual and instrumental limits 

of 0.23 and 0.13 μM [8]. These differences show that 

immobilization controls sensitivity. Pb(II), Zn(II), 

Cu(II), Hg(II), Fe(III), Ca(II) and Mg(II) must be tested 

individually and in mixtures. 

6. Device design and recent performance 

The laminated card contains separate circular Pb(II) and 

Cd(II) zones plus a neutral reference patch. Hydrophobic 

boundaries restrict spreading; identical sample volumes are 

applied to each zone. Paper conditioning, deposition volume, 

dark drying, sealed storage, lot number and control-card 

response are documented. Spatial separation permits different 

chemical conditions and limits cross-talk. 

 

Table 1 
Selected recent systems; study designs 

and units are not directly interchangeable 

System Ion Reported limit Analytical lesson 

Rhodizonate paper 

[4] 
Pb ≈1 mg L−1 Simple visual screening 

DZ–DTAB–silica [5] Cd 5.0 μg L−1 Paper needs revalidation 

EBT/BTB paper [6] Pb 18/6 mg L−1 Higher-level screening 

Dithizone strips 

[7] 
Pb/Cd 

1.26/0.10 mg 

L−1 
Response ≤150/60 s 
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7. Author-designed analytical scheme 

 
Figure 1 

Dual-zone Pb(II)/Cd(II) workflow. Source: designed by the author 

 

One water aliquot is split between the zones. Both 

reactions and the reference patch are photographed in one 

controlled frame. Accepted images are blank-corrected, 

evaluated against separate calibration functions and assigned 

as below, within or above the validated range. 

8. Proposed procedure and digital readout 

Materials include cellulose paper, hydrophobic laminate, 

sodium rhodizonate, dithizone, DTAB, colloidal silica, 

buffers, certified Pb(II)/Cd(II) standards, calibrated 

pipettes and a matte LED imaging enclosure. At least one blank 

and six standards per ion bracket the intended screening 

interval. Equal volumes are applied; reaction time is fixed 

separately for each zone. Calibration levels use independently 

fabricated cards. Images are acquired at constant distance and 

angle with flash, filters and automatic enhancement disabled. 

Focus, exposure and white balance are locked when possible. 

Mean RGB, CIELAB coordinates and spot uniformity are extracted 

from a fixed central region. Duplicates, an unspiked matrix 

and fortified samples accompany unknowns. Digital models are 

kept transparent unless multi-day, multi-device data justify 

machine learning [9–12]. Metal-containing cards and solutions 

are collected as hazardous waste. 

9. Validation, selectivity and quality control 

Validation covers range, residual linearity, reporting 

limit, precision, recovery, shelf stability, dilution 

integrity and reference-method agreement. A high R² alone is 

insufficient. Starting targets are 80–120% recovery, relative 
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standard deviation ≤15% near the reporting limit and ≤10% at 

higher levels. Selectivity is challenged with common metal 

ions, major anions and varied hardness, pH, organic matter, 

turbidity and colour. Mixtures are essential because 

competitive binding differs from single-ion tests. Cards are 

rejected when blank colour, reference-patch values, spot 

uniformity or mid-range control exceeds limits. Representative 

samples are compared with AAS or ICP measurement, and 

threshold-level positives are confirmed. Filtration or 

digestion changes the measurand and must be reported. 

10. Discussion and limitations 

The proposed architecture combines distinct recognition 

zones with one imaging and quality-control system. It is 

rapid, uses little sample and links coordination chemistry, 

capillary transport, calibration and uncertainty. It may 

triage field samples before laboratory analysis. Its main 

limitation is the absence of original data: sensitivity, shelf 

life, cross-reactivity and accuracy remain to be tested. Paper 

lot, humidity, automatic phone processing and coloured 

matrices may dominate uncertainty. Implementation should 

optimize each zone, establish image-control limits, validate 

the combined card in several matrices, compare it with a 

reference technique and then perform a blinded field study. 

Recent digital and machine-learning approaches are promising 

[9–12], but cannot replace representative calibration, raw-

data retention or confirmation. 

11. Conclusion 

A defensible rapid paper assay for Pb(II) and Cd(II) 

requires controlled chemistry, paper fabrication, imaging and 

validation. The proposed rhodizonate-cellulose and DZ–DTAB–

silica zones provide complementary recognition, while an 

internal reference and predefined quality rules protect 

interpretation. The framework is suitable for analytical-

chemistry education and screening research. It should be 

submitted as a methodological article unless experimentally 

verified results are later added. 

Ethics and data availability 

Not applicable. This methodological study did not involve 

human participants or animals and did not generate original 

experimental or field-sample data. 
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Abstract. A conceptual hybrid membrane-electrochemical process is designed for 

selective lithium recovery from Caspian oilfield produced water. It combines 

deoiling, ceramic microfiltration, divalent-selective nanofiltration, 

electrochemical lithium capture-release, and membrane-assisted product 

conversion. As no validated field-wide Caspian lithium assay is available, 20, 

50, and 100 mg/L are treated as design cases. At 1,000 m3/day, 330 days, and 85% 

recovery, they yield 29.9, 74.7, and 149.3 t/year of Li2CO3. With USD 5.6 million 

fixed capital and USD 1.878 million net annualized cost, levelized costs are USD 

62.9, 25.1, and 12.6/kg. The scenario model identifies feed grade, pretreatment, 

and component life as pilot-validation priorities rather than claiming commercial 

readiness. 

Keywords: produced water; direct lithium extraction; nanofiltration; 

electrochemical intercalation; techno-economic assessment; Caspian oilfields 

 

 

 

1. Introduction 

Produced water is the largest aqueous by-product of oil 

and gas production. Salinity, hydrocarbons, scale-forming 

ions, solids, and production chemicals make it difficult to 

treat, but high flow can turn dissolved critical minerals 

into a secondary resource. Resource potential therefore 

depends on water volume, salinity, competing ions, treatment 

demand, and infrastructure as well as lithium grade 

[1-3]. 

Direct lithium extraction is faster than solar 

evaporation. Membranes remove oil, colloids, hardness, or 

selected ions, while electrochemical transport or 

intercalation captures lithium with limited chemical 

regeneration. Decoupled cells, redox-couple electrodialysis, 

and selective membranes have processed low-quality brines [4-
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7], but fouling, resistance, electrode life, and polishing 

determine plant cost. 

The South Caspian is relevant because produced water 

already enters hydrocarbon infrastructure. Public literature, 

however, establishes no representative lithium grade for 

Azerbaijani fields. Rather than invent one, this paper tests 

a coherent train across feed assays and identifies pre-

investment measurements. 

2. Research objective and contribution 

The study designs a sequence for oily, mineralized water, 

applies reproducible mass and cost equations, and identifies 

economic thresholds. Membranes reduce divalent competition, 

electrochemical capture separates lithium from monovalent 

ions, and membrane conversion supports product formation and 

reagent recycling. 

3. Methodology and design basis 

The study combines conceptual process design with 

scenario-based techno-economic assessment. Twelve peer-

reviewed sources from 2023-2026 were selected for evidence on 

produced-water resource quality, lithium-selective membranes, 

electrochemical recovery, scale-up, and economics [1-12]. A 

steady-state mass balance was prepared for 1,000 m3/day. Low, 

base, and high cases use 20, 50, and 100 mg/L lithium, 330 

operating days, and 85% overall recovery so that the effect 

of feed grade remains visible. 

Daily lithium feed is MLi = Q × CLi/1000, where Q is 

m3/day and CLi is mg/L. Lithium carbonate equivalent is MLCE 

= MLi × R × 73.89/(2 × 6.94). The economic boundary begins 

at receipt of separated produced water and ends at dry 

Li2CO3. New pretreatment, membranes, electrochemical stacks, 

conversion, utilities, and residue handling are included; 

upstream oil production is excluded. The capital-recovery 

factor uses a 10% real discount rate and 15-year life. Base 

fixed capital is USD 5.6 million, electricity demand is 

3.2 kWh/m3 at USD 0.09/kWh, and the water-management credit 

is USD 0.35/m3. These are screening assumptions, not vendor 

quotations. 

4. Proposed hybrid process architecture 

The author-developed process is shown in Figure 1. 

A compact separator or hydrocyclone, walnut-shell filter, and 

ceramic microfiltration remove oil, particles, and iron 

solids before they block nanofiltration or coat 

electrochemical surfaces. Ceramic media tolerate backwashing, 

hydrocarbons, and salinity. 
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Divalent-rejecting nanofiltration passes most Li+ and 

other monovalent ions while retaining Mg2+, Ca2+, Ba2+, sulfate, 

and colloidal silica. It improves the lithium-to-hardness 

ratio rather than separating Li+/Na+. Subnanometre and 

nanochannel advances remain limited by permeability-

selectivity trade-offs, salinity screening, fouling, and 

manufacturability [8-11]; a staged, cleanable array is 

therefore preferred. 

Softened permeate enters electrochemical capture-release. 

A selective intercalation electrode takes up Li+; switching 

it to a low-volume recovery solution and reversing potential 

releases concentrated LiCl. Paired or redox-couple cells 

reduce parasitic reactions. High Mg/Li ratios and recovery 

have been demonstrated, although current efficiency and 

capacity fade remain decisive [5-7, 12]. 

Polished LiCl is processed by bipolar-membrane 

electrodialysis, carbonation, solid-liquid separation, 

washing, and drying. Depleted water supports internal reuse 

or reinjection; divalent-rich reject requires controlled 

brine management and may later support magnesium or bromine 

recovery. 

 
Figure 1 

Hybrid membrane-electrochemical process for selective lithium recovery 

from Caspian oilfield produced water (developed by the author) 

 

5. Mass balance and technical performance 

At 50 mg/L, the plant receives 50 kg/day of elemental 

lithium. Recovery of 85% gives 42.5 kg/day of lithium, 
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equivalent to 226.2 kg/day or 74.7 t/year of Li2CO3. The low 

and high assays yield 29.9 and 149.3 t/year. Overall recovery 

may be represented by 95% lithium passage through pretreatment 

and nanofiltration, 95% capture-release efficiency, and 94% 

conversion and product recovery. Each factor must be verified 

with real water because oil films, silica, barium sulfate, 

and salinity can reduce performance. 

A product-purity target above 99.5% is consistent with 

recent electrochemical demonstrations, but is not a 

demonstrated Caspian result [5, 7]. Sodium and potassium 

leakage, boron, residual magnesium, and carbonate co-

precipitation require a polishing loop and product washing. 

Lithium selectivity must not be treated as automatic battery-

grade quality. 

6. Techno-economic assessment 

Base fixed capital comprises USD 0.9 million for feed 

conditioning, USD 1.1 million for nanofiltration, USD 1.7 

million for electrochemical stacks, USD 0.7 million for 

product conversion, USD 0.6 million for utilities and control, 

and USD 0.6 million for contingency and commissioning. The 

annual capital charge is USD 0.736 million. OPEX is USD 1.257 

million/year: electricity USD 0.095 million, chemicals USD 

0.215 million, membrane and electrode replacement USD 0.400 

million, labor and quality control USD 0.320 million, 

maintenance USD 0.168 million, and residue handling USD 0.059 

million. After a USD 0.116 million credit, net annualized 

cost is USD 1.878 million. 

Table 1 shows the dominant grade effect. Raising lithium 

from 20 to 100 mg/L multiplies output by five while most 

costs remain tied to treating the same water volume. 

Levelized production cost falls from USD 62.9 to 12.6/kg; 

the base result is USD 25.1/kg. A recent geothermal-brine 

design estimated USD 4.6/kg of LiOH·H2O under its own 

scale and electrode-life assumptions [7]. The values are 

not interchangeable; they show why feed, scale, product 

route, and component lifetime must accompany any cost 

claim. 

If Li2CO3 were assigned a hypothetical value of USD 25/kg, 

the screening model requires about 50.3 mg/L lithium; at USD 

20/kg it requires about 62.9 mg/L. These are not price 

forecasts. They demonstrate that small energy savings cannot 

rescue very low feed grade, whereas longer electrode life, 

lower replacement cost, co-recovery, and greater scale can 

lower the threshold. 
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Table 1 
Design basis and techno-economic scenario results 

(calculated by the author) 

Parameter Low case Base case High case 

Produced-water flow 

(m3/day) 
1,000 1,000 1,000 

Lithium concentration 

(mg/L) 
20 50 100 

Overall lithium recovery 

(%) 
85 85 85 

Operating time (days/year) 330 330 330 

Li2CO3 production (t/year) 29.9 74.7 149.3 

Specific electricity 

(kWh/m3) 
3.2 3.2 3.2 

Fixed capital (USD 

million) 
5.6 5.6 5.6 

Net annualized cost (USD 

million/year) 
1.878 1.878 1.878 

Levelized cost (USD/kg 

Li2CO3) 
62.9 25.1 12.6 

 

7. Environmental and operational implications 

The process avoids evaporation ponds and couples mineral 

recovery with water management, but electricity, chemicals, 

spent components, and concentrated reject carry burdens. 

Reinjection quality, corrosion, radioactive material, and 

discharge restrictions are site-specific. Assessment must 

compare the plant with the actual reinjection, disposal, or 

treatment baseline. Reliability requires equalization and 

monitoring of oil, turbidity, hardness, lithium, pressure 

drop, cell voltage, and current efficiency. Long tests must 

quantify fouling, cleanability, reject loss, electrode fade, 

and recycle impurities; environmental claims require these 

losses in the balances. 

8. Discussion 

The Caspian decision path should begin with 

representative sampling across fields, seasons, and 

production ages because mixing can hide high-value streams. 
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Speciation and scaling tests should determine whether 

lithium-rich water can be segregated before dilution. Bench 

tests should then compare lithium passage and hardness 

rejection for robust nanofiltration membranes before 

electrochemical cycling is optimized with real pretreated 

water. 

The hybrid design distributes risk: nanofiltration 

performs monovalent/divalent fractionation, while the 

electrochemical stage addresses Li+/Na+. Its weakness is 

interface complexity, because each stage adds pumping, 

cleaning, control, and yield losses. A suitable next scale is 

a modular 5-20 m3/day pilot operated for several months, 

closing lithium, water, sodium, magnesium, calcium, carbon, 

and energy balances and producing enough material for impurity 

analysis. 

8.1. Pilot-scale validation and decision criteria 

For pilot validation, the process should be evaluated 

under stepwise loading rather than only at a nominal steady 

state. The first phase should establish oil and turbidity 

limits for the ceramic barrier; the second should quantify 

lithium passage, magnesium and calcium rejection, and 

normalized membrane permeability; the third should measure 

coulombic efficiency, specific energy consumption, and 

capacity retention during repeated capture-release cycles. 

Sampling at the inlet and outlet of every unit would permit 

a closed lithium balance and reveal whether apparent 

selectivity is caused by true separation or by unmeasured 

precipitation and adsorption [5-7]. 

A go/no-go decision should combine technical, economic, 

and environmental criteria. The pilot would advance only if 

total lithium recovery remains close to the design target 

during realistic feed fluctuations, the product meets the 

impurity specification after recycle closure, and cleaning 

restores membrane and electrode performance without excessive 

reagent demand. Costs should then be recalculated from 

measured flux, stack productivity, component replacement 

frequency, reject volume, and operator requirements. This 

staged evidence structure prevents short laboratory tests 

from being extrapolated directly to plant economics and 

provides a defensible basis for selecting field location, 

module size, and water-management strategy [8-12]. 

9. Limitations and research priorities 

The study uses published analogues and assumed Caspian 

feed cases; it does not report field sampling, pilot 
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operation, or vendor quotations. Constant recovery and 

capital across assays simplify nonlinear transport. Future 

work should establish a regional geochemical database, 

measure membrane and electrode life under oil and scale 

exposure, and couple probabilistic techno-economic analysis 

with life-cycle assessment. 

10. Conclusion 

A hybrid membrane-electrochemical train offers a 

technically coherent route for lithium recovery from Caspian 

oilfield produced water. At 1,000 m3/day, 50 mg/L lithium, 

and 85% recovery, the model produces about 74.7 t/year of 

Li2CO3 at approximately USD 25.1/kg. This is a screening 

threshold, not a commercial forecast. Feed grade is the 

strongest economic driver, while pretreatment and membrane-

electrode durability control sustained recovery. Field-

resolved assays and a long-duration modular pilot are 

therefore required before investment. 
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Abstract. Nitrite is an important indicator in drinking-water surveillance because 

it is reactive, may change during storage, and can be associated with treatment 

or distribution-system failures. This methodological study proposes a student-

accessible procedure that combines the Griess reaction with smartphone digital 

image colorimetry. Sulfanilamide and N-(1-naphthyl)ethylenediamine form a magenta 

azo dye; a controlled light box, fixed region of interest and green-channel image 

absorbance provide the analytical response. Calibration, blank correction, 

duplicate preparation, spike recovery and comparison with UV–visible 

spectrophotometry are proposed as validation steps. Twelve peer-reviewed studies 

from 2023–2026 were evaluated to define controls for illumination, device 

variation and reagent handling. Because no field measurements are reported, stated 

performance limits are validation targets to be tested experimentally. The 

proposed method is intended for education and preliminary screening, whereas 

regulatory decisions require confirmatory analysis. 

Keywords: nitrite; drinking water; smartphone colorimetry; Griess reaction; 

digital image analysis; method validation 

 

 

 

1. Introduction 

Nitrite (NO₂⁻) is an intermediate of the nitrogen cycle 
and may reach water through fertilizer runoff, wastewater 

intrusion, nitrification or incomplete treatment. It is more 

reactive than nitrate and can change between sampling and 

analysis. Its toxicological importance is linked mainly to 

methaemoglobin formation and conditions that favour N-nitroso 

compounds. Results must clearly state whether concentration 

is expressed as NO₂⁻ or as nitrite-nitrogen because conversion 
between the two introduces a factor of 3.284. A screening 

procedure must therefore combine rapid measurement with 
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controlled sampling, timing and unit reporting [7]. 

A smartphone records a processed image rather than 

concentration itself. Pixel values depend on illumination, 

camera response, white balance, exposure and compression. The 

analytical design must control these variables as 

deliberately as spectrophotometry controls wavelength, path 

length and baseline. Recent studies therefore use light boxes, 

internal colour references, marker-guided strips and 

reference calibration [4–6,8,9,11,12]. 

This study proposes a reproducible Griess–smartphone 

protocol, specifies validation criteria and defines the 

method's proper role as a low-cost screening and teaching tool. 

2. Analytical principle 

2.1. Chemistry of the Griess reaction 

In acidic solution, nitrite forms nitrous acid and 

reactive nitrosating species. Sulfanilamide is diazotized, 

and the product couples with N-(1-naphthyl)ethylenediamine 

(NED) to form a magenta azo dye. When acidity, reagent order, 

temperature and reaction time are fixed, colour intensity is 

proportional to nitrite concentration. Recent work has 

retained this mechanism while modifying chromogenic agents, 

paper supports or signal processing [1–3,8–10]. 

 

NO₂⁻ + H⁺ ⇌ HNO₂ → diazotization → azo dye 
 

2.2. Digital image response 

The magenta product absorbs strongly in the green region; 

consequently, the mean green value of a fixed image region 

normally decreases as nitrite increases. A logarithmic 

response, Aᴳ = log₁₀(G₀/G), more closely resembles absorbance 
than a raw channel value, where G₀ and G are blank and sample 
green values recorded under identical conditions. 

 

Aᴳ = log₁₀(G₀/G) 
 

The calibration relation Aᴳ = mC + b is used to calculate 

C = (Aᴳ − b)/m. RGB ratios or CIELAB coordinates may serve as 

robustness checks. Internal neutral patches captured in the 

same image help reveal illumination drift and device-

dependent colour shifts [6,11]. 

3. Materials and methodology 

3.1. Study design and scope 

The work integrates a critical synthesis of twelve peer-
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reviewed sources published between 2023 and 2026 with a 

laboratory-ready protocol. No field measurements or empirical 

performance are claimed. 

3.2. Reagents, equipment and safety 

Required materials are analytical-grade sodium nitrite, 

sulfanilamide, NED dihydrochloride, phosphoric acid, 

deionized water, volumetric equipment, identical clear 

vials, a smartphone and a matte imaging box. A practical 

reagent pair is 1.0% (m/v) sulfanilamide in 5% (v/v) 

phosphoric acid and 0.10% (m/v) NED. Reagents should be 

protected from light and stability-tested. Gloves, eye 

protection and controlled chemical-waste collection are 

mandatory. 

3.3. Standards and samples 

A 1000 mg L⁻¹ stock expressed as NO₂⁻ is prepared from 
1.500 g dry NaNO₂ per litre. A fresh intermediate solution is 
diluted to at least six standards, for example 0.00, 0.05, 

0.10, 0.25, 0.50, 0.75 and 1.00 mg L⁻¹. Clean amber containers 
are used for samples, which should be analysed promptly. 

Filtration is permitted for suspended matter only when the 

measurand is reported as dissolved nitrite. Coloured, 

chlorinated or turbid matrices require recovery testing or 

standard addition. 

 

C(NO₂⁻) = 3.284 × C(NO₂⁻-N) 
 

3.4. Colour development and image acquisition 

Transfer 5.00 mL of each standard, blank and sample to 

identical vials. Add 0.50 mL sulfanilamide reagent, mix and 

wait 2 min; add 0.50 mL NED, mix and develop colour for 10 

min at room temperature. Use the same timing for all 

solutions. Include a reagent blank, a mid-range control and 

independently prepared duplicates in every batch. 

Image each vial in a closed matte enclosure with a stable 

white LED, fixed distance, angle and position. Disable flash, 

filters and HDR; lock focus, exposure, ISO and white balance 

when possible. Include white, grey and black reference 

patches. Select the central solution area and exclude glare, 

meniscus, labels and vessel edges. 

3.5. Image processing, calibration and validation 

Calculate mean R, G and B values from an identical region 

of interest and apply a documented rule for excluding glare. 

Fit ordinary least-squares calibration after inspecting 
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residuals. Curvature or channel saturation requires dilution 

or a narrower range; a high R² alone is insufficient evidence 

of linearity. 

Validation covers blank stability, linearity, 

repeatability, between-day precision, recovery, dilution 

integrity, interference and comparison with UV–visible Griess 

spectrophotometry at approximately 540 nm. Practical student 

targets are R² ≥ 0.995 without systematic residuals, RSD ≤ 

10%, recovery of 80–120%, bias within ±10%, and a detection 

limit preferably no higher than 0.05 mg L⁻¹. These are study 
criteria, not universal legal limits. 

 

Recovery (%) = [(Cspiked − Cunspiked)/Cadded] × 100 

RSD (%) = (s/C̄) × 100 

 

 
Figure 1 

Author-designed scheme for smartphone-based nitrite determination. 

 

4. Literature-based evaluation 

4.1. Lessons from recent analytical studies 

Recent literature shows that smartphone sensing 

integrates chemistry, support material, image acquisition 

and calibration. Natural reagents can reduce hazardous inputs 

but require composition control [1]. Nanoparticle and 

quantum-dot systems provide sensitive, multiple signals, 

although their preparation is less suitable for an 

introductory laboratory [2–4]. Direct water colorimetry, 
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marker-guided strips and origami Griess devices demonstrate 

the value of fixed imaging, internal references and reduced 

reagent handling [5,6,8,9]. 

Table 1 

Comparison of recent smartphone-compatible nitrite approaches 

Study Analytical design Lesson for the proposed method 

Yardımcı, 2023 

[1] 

Green-tea chromogenic 

system with smartphone 

readout 

Greener chemistry is possible, 

but reagent composition must 

be standardized. 

Wang et al., 2023 

[4] 

Smartphone-integrated 

paper sensor with dual 

optical signals 

Multiple signals improve 

confidence but require 

advanced sensing materials. 

Khoshmaram and 

Tabaghchi, 2024 

[5] 

Digital image 

colorimetry for 

aqueous nitrite 

Fixed imaging conditions and a 

defined colour response are 

essential. 

Gusev et al., 

2024 [6] 

Reference-marked 

strips for 

inexperienced users 

Internal references and 

fiducial markers reduce 

positioning and lighting 

errors. 

Gregucci et al., 

2025 [9] 

Origami paper sensor 

with immobilized 

Griess reagents 

Low reagent handling improves 

portability; humidity and 

shelf life need testing. 

Quoc et al., 2026 

[11] 

Reference calibration 

and ensemble machine 

learning 

Cross-device accuracy improves 

when colour references and 

diverse training data are 

used. 

 

4.2. Expected calibration behaviour and channel selection 

Increasing nitrite should increase magenta intensity and 

produce a positive Aᴳ slope. A coloured or non-uniform blank 

indicates contamination, degraded reagent or incorrect 

imaging. Saturation at the upper standard must be corrected 

by dilution rather than by choosing a complex model merely 

for a larger R². The green channel should be selected before 

unknowns are analysed. Machine-learning models can improve 

cross-device prediction when trained on large, diverse and 

reference-calibrated image sets [11], but a small student 

dataset is better served by transparent univariate 

calibration. 

4.3. Sources of uncertainty and interference 

Major physical uncertainties are LED spectrum, camera 

processing, distance, angle, vessel geometry and reflection. 

Chemical uncertainties include standard preparation, nitrite 
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stability, acidity, reagent volumes, temperature and reaction 

time. Residual chlorine, dissolved colour, iron, turbidity or 

reducing compounds may bias the reaction or image. Reference 

patches reveal illumination drift but also require controlled 

printing and storage. Persistent matrix effects require 

standard addition or confirmatory spectrophotometry [6,11]. 

4.4. Sustainability and educational value 

Educationally, the experiment links diazotization 

chemistry with calibration, residual analysis, recovery and 

uncertainty. Students prepare standards, distinguish NO₂⁻ from 
NO₂⁻-N, control imaging conditions and verify calculations 
independently. The smartphone functions as an analytical 

detector whose limitations must be evaluated, not as a 

decorative substitute for an instrument. Miniaturized volumes 

can reduce waste when pipetting accuracy and sensitivity 

remain adequate [1,8–10]. 

4.5. Limitations and implementation pathway 

Because this methodological article contains no verified 

field concentrations, it cannot demonstrate that a water 

source meets a legal requirement. Implementation should 

retain raw images and calculation files, report the phone 

model and camera settings, test several water matrices, and 

compare representative samples with spectrophotometry. Only 

data that satisfy the predefined criteria should be added as 

experimental results; values near a regulatory threshold 

require confirmation by an accredited laboratory. 

5. Conclusion 

Smartphone-based colorimetry can support low-cost nitrite 

screening when the Griess reaction, illumination, image 

acquisition and calibration are treated as one analytical 

system. The proposed workflow uses fixed reaction timing, a 

controlled enclosure, internal references, predefined green-

channel response and explicit validation. Recent studies 

confirm the value of reference calibration and portable 

supports while also demonstrating persistent device and 

matrix effects. The proposed workflow is therefore 

potentially suitable for undergraduate analytical chemistry 

and preliminary screening, but regulatory conclusions require 

experimentally verified performance and confirmatory 

laboratory analysis. 
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Анотація. Запропоновано гібридний метод пояснюваного аналізу вразливостей 

програмного коду, що поєднує статичний аналізатор Semgrep із локальною малою 

мовною моделлю для формування структурованих україномовних пояснень. На власному 

наборі з 52 знахідок у 15 класах CWE проведено 21 експериментальну конфігурацію 

(1092 пояснення) із порівнянням восьми моделей. Показано, що подання результатів 

статичного аналізу до контексту моделі підвищує частку правильно визначених класів 

вразливості з 0,63 до 0,88, а частку працездатних виправлень — з 0,29 до 0,58. 

Експертна перевірка підтвердила придатність методу насамперед як пояснювального, 

а не автоматично виправного інструменту. 

Ключові слова: статичний аналіз коду; мала мовна модель; пояснюваний штучний 

інтелект; безпека програмного забезпечення; CWE; українська мова. 

 

 

 

Вступ. Інструменти статичного аналізу захищеності 

застосунків (SAST) виявляють вразливості на рівні вихідного 

коду, однак їхні повідомлення розраховані на підготовленого 

фахівця. За проведеними вимірюваннями середня довжина 

повідомлення Semgrep становить 37,6 слова, усі повідомлення 

англомовні, а готове виправлення пропонується лише для 1,9 % 

знахідок. Для здобувачів освіти та розробників-початківців такий 

вивід не пояснює ані причини небезпеки, ані способу її усунення. 

Великі мовні моделі здатні надати розгорнуте пояснення, 

проте їх використання передбачає передавання фрагментів коду 

до зовнішнього сервісу, що неприйнятно для організацій із 

вимогами до конфіденційності. Малі мовні моделі (SLM) обсягом 

1–9 млрд параметрів працюють на звичайному обладнанні, але 

без зовнішнього контексту схильні до породження недостовірних 

тверджень. 
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Мета роботи — розробити метод і програмні засоби, які 

поєднують статичний аналіз із локальною малою мовною моделлю 

для формування структурованих україномовних пояснень 

вразливостей, та експериментально оцінити їхню якість. 

Опис методу. Метод реалізує конвеєр із чотирьох етапів. 

Semgrep формує перелік знахідок із зазначенням правила, класу 

CWE та діапазону рядків. Далі будується контекст: фрагмент 

коду завширшки ±5 рядків навколо знахідки з вилученими 

коментарями, ідентифікатор правила, клас вразливості та 

повідомлення аналізатора. Сформований контекст подається до 

моделі через локальний сервер Ollama. Модель повертає 

пояснення, структуроване за трьома розділами відповідно до 

принципів пояснюваного штучного інтелекту [7]: «Прозорість» 

(де саме міститься проблема), «Обґрунтування» (чому це 

небезпечно та який механізм атаки) і «Дієвість» (виправлений 

фрагмент коду). Усі обчислення виконуються на обладнанні 

користувача, тому код не залишає периметр організації. У межах 

подальшої оптимізації для роботи на слабшому обладнанні також 

досліджено можливість дистиляції знань за допомогою 

мікродобірки (QLoRA). 

Організація експерименту. Сформовано власний набір даних 

із шести навмисно вразливих репозиторіїв (PyGoat, NodeGoat, 

DVNA, Juice Shop, dvpwa, vulpy): 52 знахідки, 15 класів CWE, 

три мови програмування. Наявні набори BigVul і Devign не 

використано через орієнтацію на C/C++ та відсутність 

еталонних пояснень. Проведено 21 конфігурацію експерименту 

(1092 пояснення) на відеоприскорювачі NVIDIA GTX 1660 Ti з 6 

ГБ пам'яті. 

Для оцінювання розроблено 16 метрик. Ключовою є 

fix_valid: запропоноване виправлення застосовується до 

повного вихідного файлу, перевіряється синтаксична 

коректність результату та повторно запускається Semgrep; 

виправлення вважається чинним лише за відсутності 

синтаксичних помилок і повторного спрацювання правила. 

Додатково вимірюються відповідність класу вразливості, 

локалізація, мовна якість за LanguageTool (кількість помилок 

на 100 слів) і частка небажаних кальок за власним глосарієм 

із 52 термінів. 

Метрики BLEU і косинусної близькості до еталона не 

застосовано, оскільки корпусу еталонних україномовних 

пояснень для окремих знахідок не існує, а BLEU некоректно 

оцінює флективні мови з вільним порядком слів. Замість 

оцінювання схожості з еталоном застосовано функціональну 

перевірку та експертну розмітку. 
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Порівняння восьми моделей за базових умов наведено в 

табл. 1. 

Таблиця 1 
Порівняння моделей за базових умов (52 знахідки, промпт V2, T = 0,1) 

Модель fix_valid Клас CWE Помилок / 

100 слів 

Кальки Час, с 

gemma4:e2b 0,58 0,88 0,79 0,13 7,4 

gemma4:e4b 0,58 0,94 1,38 0,21 12,7 

gemma3:4b 0,58 0,88 1,19 0,21 13,4 

MamayLM 4B 0,48 0,92 0,74 0,08 10,9 

llama3 8B 0,50 0,94 3,19 0,27 29,4 

gemma2:9b 0,44 0,96 2,72 0,31 81,0 

phi3 3,8B 0,38 0,77 11,21 0,31 18,5 

qwen2.5:1.5b 0,25 0,85 8,46 0,04 6,2 

 

Для оцінки внеску гібридного підходу виконано генерацію 

для моделі gemma4:e2b без контексту SAST — лише фрагмент коду 

без метаданих аналізатора. Порівняння з базовою конфігурацією 

наведено в табл. 2.  

Таблиця 2 
Вплив контексту SAST на якість пояснень (gemma4:e2b, n=52)  

Умова fix_valid Клас CWE Локалізація p (fix_valid) 

З контекстом 

SAST (база) 
0,58 0,88 0,94 — 

Без контексту 

SAST 
0,29 0,63 0,67 0,001 

 

Результати. Вилучення результатів статичного аналізу з 

контексту моделі знижує частку правильно визначених класів 

вразливості з 0,88 до 0,63, точність локалізації — з 0,94 до 

0,67, а частку працездатних виправлень — з 0,58 до 0,29 (p < 

0,01 за критерієм Мак-Немара, табл. 2). Це кількісно 

підтверджує доцільність гібридної схеми. 

Порівняння версій системного промпту показало, що 

структурована постановка задачі є істотною: базова версія без 

вимоги до структури дає fix_valid 0,33, проміжна — 0,42, 

підсумкова — 0,58 (p = 0,011 та p = 0,022 відповідно). 

Підвищення температури до 0,5 і 0,9 не поліпшує технічної 

коректності, натомість погіршує мовну якість (для MamayLM — 

з 0,74 до 1,31 помилки на 100 слів, p = 0,002), що обґрунтовує 

вибір значення 0,1. 

Збільшення розміру моделі в межах одного покоління не дає 
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виграшу: модель gemma4:e4b поступається gemma4:e2b за 

швидкістю в 1,7 раза та за мовною якістю (1,38 проти 0,79 

помилки на 100 слів, p = 0,008) за однакового значення 

fix_valid. Натомість україномовна адаптація виявилася 

результативною: порівняно з базовою моделлю gemma3:4b модель 

MamayLM зменшує частку кальок з 0,21 до 0,08 (p = 0,039) і 

кількість мовних помилок з 1,19 до 0,74 (p = 0,011) без втрати 

технічної точності. 

Експертну перевірку проведено для 55 виправлень, визнаних 

чинними автоматично, та для всіх 52 знахідок. Точність Semgrep 

становить 84,6 % (44 істинно позитивні знахідки з 52). 

Пояснення визнано правильними у 93 % випадків для gemma4:e2b 

і у 84 % для MamayLM, тоді як виправлення — лише у 53 % і 36 

% відповідно. Таким чином, автоматична метрика fix_valid 

завищує результат приблизно удвічі (точність 45,5 %), що є 

суттєвим методологічним застереженням для подібних 

досліджень. 

Висновки. Розроблено метод і програмні засоби 

пояснюваного аналізу вразливостей, що поєднують статичний 

аналізатор із локальною малою мовною моделлю. 

Експериментально доведено, що подання результатів SAST до 

контексту моделі істотно підвищує достовірність пояснень, а 

обґрунтований добір моделі, структури промпту й температури 

забезпечує прийнятну якість на обладнанні з 6 ГБ відеопам'яті 

за середнього часу 7,4 с на одне пояснення. 

Експертна перевірка засвідчила, що система надійна 

насамперед як пояснювальний інструмент і потребує контролю 

фахівця під час застосування запропонованих виправлень. 

Окремо виявлено характерну ваду: моделі схильні змінювати код 

так, щоб правило аналізатора перестало спрацьовувати, не 

усуваючи самої вразливості. 

Додатково проведено пілотну дистиляцію знань: на 1704 

поясненнях, відібраних за критеріями коректності класу 

вразливості, структурованості та відсутності мовних кальок, 

методом QLoRA донавчено модель gemma-3-4b-it. Статистично 

значущої зміни жодного показника якості не виявлено; 

спостерігається лише тенденція до зменшення частки кальок 

(0,21 проти 0,10). Аналіз причин показав, що модель-учитель 

не переважала модель-учня за цільовим показником якості 

виправлень, а обсяг тестової вибірки не дає змоги виявити 

відмінності, менші за 20 відсоткових пунктів. Звідси випливає 

методологічний висновок: добір моделі-вчителя для дистиляції 

має здійснюватися за тим самим показником, покращення якого 

очікується. Це визначає напрям подальших досліджень. 



 
 
 

 

INFORMATION AND WEB TECHNOLOGIES 

174 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 17th International 
Scientific and Practical Conference  
«International Forum: Problems  
and Scientific Solutions»  
 

(September 26-28, 2026).  
Melbourne, Australia 

 
 

No 
311 

Список джерел: 
[1] OWASP Top 10:2021. The Open Worldwide Application Security Project. 

URL: https://owasp.org/Top10/  

[2] Common Weakness Enumeration (CWE). MITRE Corporation. URL: 

https://cwe.mitre.org/  

[3] Semgrep: static analysis at ludicrous speed. Semgrep Inc. URL: 

https://semgrep.dev/docs/  

[4] Gemma Team. Gemma: Open Models Based on Gemini Research and 

Technology. arXiv:2403.08295. 2024. DOI: 10.48550/arXiv.2403.08295  

[5] MamayLM-Gemma-3-4B-IT-v1.0-GGUF: Ukrainian language model. INSAIT 

Institute, Sofia University St. Kliment Ohridski. URL: 

https://huggingface.co/INSAIT-Institute/MamayLM-Gemma-3-4B-IT-v1.0-

GGUF  

[6] Ollama: get up and running with large language models locally. URL: 

https://github.com/ollama/ollama  

[7] Gunning D., Aha D. DARPA’s Explainable Artificial Intelligence (XAI) 

Program. AI Magazine. 2019. Vol. 40, No. 2. P. 44–58. DOI: 

10.1609/aimag.v40i2.2850 

[8] PurpleLlama CyberSecEval: benchmarks for LLM cybersecurity safety. 

Meta AI. URL: https://github.com/meta-llama/PurpleLlama  

[9] LanguageTool: open source proofreading software. URL: 

https://languagetool.org/  

 

 

 

https://owasp.org/Top10/
https://cwe.mitre.org/
https://semgrep.dev/docs/
https://doi.org/10.48550/arXiv.2403.08295
https://huggingface.co/INSAIT-Institute/MamayLM-Gemma-3-4B-IT-v1.0-GGUF
https://huggingface.co/INSAIT-Institute/MamayLM-Gemma-3-4B-IT-v1.0-GGUF
https://github.com/ollama/ollama
https://doi.org/10.1609/aimag.v40i2.2850
https://github.com/meta-llama/PurpleLlama
https://languagetool.org/


 

 

SCIENTIFIC EDITION 

 

 

 

SCIENTIFIC COLLECTION «INTERCONF» 
 

№ 311 | September 2026 

 
The issue contains: 
 

Proceedings of the 17th International  

Scientific and Practical Conference 
 

INTERNATIONAL FORUM:  

PROBLEMS AND SCIENTIFIC SOLUTIONS 
 

Melbourne, Australia 

26-28.09.2026 

 

 
All materials are reviewed.  
The editorial office did not always agree with the position of authors.  
 

 
 

Sighed for online publication: September 28, 2026.  
 

Printed: October 26, 2026. Circulation: 200 copies. Format 60×84/8.  

Batang & Courier New typefaces. Offset paper 100gsm. Digital color printing.   

 
 

Contacts of the editorial office: 
 

     LLC Scientific Publishing Center «InterConf» 

   info@interconf.center 

   https://www.interconf.center 
 

      Certificate on the entry of publishing business subject in the State Register of Publishers,  

         Manufacturers and Distributors of Publishing Products of Ukraine: ДК № 7882 of 10.07.2023. 



  ( 13 , 99 % ∗  ( 1 − 0 , 23 ) )


  ( 9 , 50 % ∗  ( 1 − 0 , 14 ) )


  ( 12 , 96 % ∗  ( 1 − 0 , 14 ) )

