Диаграмма состояний Fe-C
1. Железо и его свойства.
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2. Цементит и его свойства
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3.Диаграмма состояния. Общие сведения.
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4.Диаграмма состояния. Нонвариантные превращения.
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5. Диаграмма состояния. Характерные кривые охлаждения.
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6. Структура простых углеродистых сталей.
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7. Влияние углерода на свойства стали
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8. Влияние примесей на свойства стали
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9. Углеродистые стали общего назначения.
[image: C:\Users\Царь\Desktop\1233.png]
10. Нагортованная сталь.
Наклёп (нагартовка) — упрочнение металлов и сплавов вследствие изменения их структуры и фазового состава в процессе пластической деформации при температуре ниже температуры рекристаллизации.
Широкое применение в народном хозяйстве имеют проволока, а также другие виды изделий тонких сечений (тонкий лист, лента, цельнотянутые трубы и др. профили).
Эти виды изделий изготавливают на металлургических заводах прокаткой, прессованием, волочением в холодном состоянии. В результате такой обработки металл получает наклеп, который может быть снят последующим рекристаллизационным отжигом.
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	Рис. 158. Влияние степени обжатия на прочность проволоки с различным содержанием углерода



Для отожженного состояния механические свойства определяются главным образом составом стали, и в первую очередь содержанием углерода.
Для нагартованного состояния свойства будут сильно зависеть от степени наклепа (степени обжатия) (рис. 158). При максимальном наклепе (обжатие  высокоуглеродистой стали  достигается прочность, превышающая 4000 МПа. Очевидно, что после такой степени обжатия проволока получается очень тонкой. Действительно, рекордные значения прочности получены были лишь на проволоке 0,1 мм из высокоуглеродистой стали после значительных обжатий 
Нагартованную проволоку тонких сечений после значительных степеней обжатия используют для изготовления канатов и тросов. Обычно для этой цели применяют сталь с 0,6-0,8 % С, которая после обжатия 80—90 % получает прочность 1800—3000 МПа.
Чтобы получить такую степень обжатия, материал проволоки должен хорошо деформироваться. Оказывается, что это достигается  лишь при условии, если исходная структура представляет собой тонкопластинчатый перлит, получаемый особой обработкой в свинцовых (или соляных) расплавленных ваннах. Это так называемое патентирование, представляющее собой разновидность изотермической закалки (см. ниже).
Конкретные технические условия и стандарты определяют свойства, состав, допуски и размеры, состояние поверхности и другие требования для проволоки и различных полуфабрикатов (труб, листов, ленты), получаемых методом холодной пластической деформации.
11. Строение, свойства и маркировка белых чугунов.
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12. Строение, свойства и маркировка серых чугунов.
Серый чугун. Такое название чугун получил по виду излома, который имеет серый цвет. В структуре серого чугуна имеется графит, количество, формы и размеры которого изменяются в широких пределах. Таким образом, в сером чугуне имеется графит, а в белом его нет.
В микроструктуре чугуна следует различать металлическую основу и графитные включения.
По строению металлической основы чугун разделяют на:
перлитный чугун (рис. 164, а). Структура его состоит из перлита с включениями графита (на рис. 164, а графит в виде прожилок; типично для серого чугуна). Как известно, перлит содержит 0,8%С, следовательно, это количество углерода в сером перлитном чугуне находится в связанном состоянии (т. е. в виде Fe3C), остальное коли чество находится в свободном виде, т. е. в форме графита;
феррито-перлитный чугун (рис. 164, б). Структура этого чугуна состоит из феррита + перлит и включения веретенообразного графита. В этом чугуне количество связанного углерода меньше 0,8%С
ферритный чугун (рис. 164, в). В этом чугуне металлической основой является феррит, и весь углерод, имеющийся в сплаве, присутствует в форме графита (на фотографии в виде хлопьев углерода отжига).
Из рассмотрения структур указанных трех видов чугуна можно заключить, что их металлическая основа похожа на структуру эвтектоидной стали, доэвтектоидной стали и железа.
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Рис. 164. Микроструктура серого чугуна: а — перлитного, Х200; б — феррито-перлитного, x100; в — ферритного, x100
Следовательно, по структуре серые чугуны отличаются от стали только тем, что в чугунах имеются графитные включения, предопределяющие специфические свойства чугунов.
Графит в чугунах может быть в четырех основных формах:
пластинчатый графит. В обычном сером чугуне графит образуется в виде лепестков; такой графит называется пластинчатым. На рис. 165, а показана структура обычного ферритного чугуна с прожилками графита; пространственный вид таких графитных включений показан на рис. 166, а (видно пересечение пластинчатых включений плоскостью шлифа);
вермикулярный графит — в виде червеобразных прожилок (рис. 165, г);
шаровидный графит. В современных так называемых высокопрочных чугунах, выплавленных с присадкой небольшого количества магния (или церия), графит приобретает форму шара.
На рис. 165,б показана микроструктура серого чугуна с шаровидным графитом, а на рис. 166,б фотография графитного включения;
хлопьевидный графит. Если при отливке получить белый чугун, а затем, используя неустойчивость цементита, с помощью отжига разложить его, то образующийся графит приобретает компактную, почти равноосную, но не округлую форму.
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	Такой графит называется хлопьевидным или углеродом отжига. Микроструктура чугуна с хлопьевидным графитом показана на рис. 165, в. В практике чугун с хлопьевидным графитом называют ковким чугуном.
Таким образом, чугун с пластинчатым графитом называют обычным серым чугуном. с червеобразным графитом — серым вермикулярным; чугун с шаровидным графитом — высокопрочным чугуном и чугун с хлопьевидным графитом — ковким чугуном.
На схемах структур (рис. 167) обобщается описанная выше классификация чугуна по строению металлической основы и форме графита.


	Рис. 165. (см. скан) Формы графита в чугуне: а — пластинчатой (обычный серый чугун), X 100: б - шаровидной (высокопрочный чугун), X 200: в — хлопьевидной (ковкий чугун), х100; г — вермикулярной, , х100
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13. Процесс графитизации
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Основы термической обработки
14. Классификация видов термической обработки
Изменение свойств сплава, которое создается в результате термической обработки, должно быть остаточным, иначе в термической обработке не было бы никакого смысла.
Для изменения свойств сплава необходимо, чтобы в сплаве в результате термической обработки произошли остающиеся изменения, обусловленные в первую очередь фазовыми превращениями.
Все виды термической обработки можно разделить на четыре основные группы.
Первая группа. Предшествующая обработка может привести металл в неустойчивое состояние. Так, холодная пластическая деформация создает наклеп — искажение кристаллической решетки. При затвердевании — не успевают протекать диффузионные процессы, и состав металла даже в объеме одного зерна оказывается неоднородным. Быстрое охлаждение или неравномерное приложение напряжений делает неравномерным распределение упругой деформации. Неустойчивое состояние при комнатной температуре сохраняется долго, так как теплового движения атомов при комнатной температуре недостаточно для перехода в устойчивое состояние.
Нагрев (увеличение тепловой подвижности атомов) приводит к тому, что процессы, приводящие металл в устойчивое состояние (снятие напряжений, уменьшение искажений кристаллической решетки,рекристаллизация, диффузия), достигают заметных скоростей.
Термическая обработка, заключающаяся в нагреве металла, который в результате какой-то предшествующей обработки получил неустойчивое состояние, и приводящая его в более устойчивое состояние, называется отжигом.
Если в сплавах при нагреве происходит фазовое превращение (аллотропическое превращение, растворение второй фазы и т. д.), то нагрев выше некоторой критической температуры вызывает
изменение в строении сплава. При последующем охлаждении произойдет обратное превращение. Если охлаждение достаточно медленное, то превращение будет полное и фазовый состав будет соответствовать равновесному состоянию.
Существуют два вида отжига. Если сплав не имеет фазовых превращений, то любой нагрев сплава с неравновесной структурой приводит сплав в более равновесное состояние. Такой отжиг называется отжигом первого рода. Если у сплава есть фазовое превращение, то нагрев сплава с неравновесной структурой (но не обусловленной закалкой) выше температуры фазовых превращений с последующим медленным охлаждением приводит сплав в более равновесное состояние. Такая обработка тоже относится к отжигу, но классифицируется как отжиг второго рода или фазовая перекристаллизация.
Вторая группа. Если в сплаве при нагреве происходят фазовые изменения, то полнота обратного (при охлаждении) превращения зависит от скорости охлаждения. Теоретически можно себе представить такие условия охлаждения, при которых обратное превращение вовсе не произойдет, и при комнатной температуре в результате быстрого охлаждения зафиксируется состояние сплава, характерное для высоких температур. Такая операция называется закалкой. Во многих случаях закалка не фиксирует совсем (или фиксирует не полностью) состояние сплава, устойчивое при высоких температурах. Поэтому предельный случай закалки, когда состояние сплава, характерное для высоких температур, фиксируется, называется истинной закалкой, в отличие от закалки в более широком смысле, когда фиксируется не состояние сплава при высокой тем пературе, а некоторая его стадия структурного превращения, при которой в сплаве не достигнуто еще равновесное состояние.
Закалка бывает объемной (под закалку нагревают насквозь все изделие) и поверхностной (осуществляют местный, чаще поверхностный) нагрев.
Между закалкой и отжигом второго рода есть общее. И в том, и в другом случае сплав нагревается выше температуры фазового превращения, и окончательное строение приобретает в результате превращения при последующем охлаждении. Однако между обоими видами имеется и принципиальная разница. При отжиге второго рода цель охлаждения — приближение сплава к равновесному состоянию, поэтому охлаждение проводят медленно. При закалке охлаждение быстрое, чтобы отдалить структурное состояние сплава от равновесного.
Третья группа. Состояние закаленного сплава характеризуется неустойчивостью. Даже без всякого температурного воздействия в сплаве могут происходить процессы, приближающие его к равновесному состоянию. Нагрев сплава, увеличивающий подвижность атомов, способствует этим превращениям. При повышении температуры закаленный сплав все больше приближается к равновесному состоянию. Такая обработка, т. е. нагрев закаленного сплава, но ниже температуры равновесных фазовых превращений,
называется отпуском. И при отжиге первого рода, как и при отпуске, сплав приближается к структурному равновесию. В обоих случаях начальную стадию характеризует неустойчивое состояние, только для отжига первого рода оно было результатом предварительной обработки, при которой, однако, не былофазовых превращений, а для отпуска — предшествовавшей закалкой. Таким образом, отпуск — вторичная операция, осуществляемая всегда после закалки. Отпуск иногда называют старением. В одних случаях старением называют длительный низкотемпературный нагрев, объединяя при этом отжиг 1 рода и отпуск, в других — нагрев закаленной стали называют отпуском, а нагрев закаленных сплавов цветных металлов — старением. Сейчас рекомендуют такое разграничение отпуска и старения: отпуск — это нагрев закаленного сплава, имеющего фазовые превращения; старение — это нагрев закаленного сплава, не имеющего фазовых превращений. В этом случае закаленное состояние характеризуется пересыщением твердого раствора. Дадим краткое определение основных видов термической обработки.
Отжиг — термическая операция, состоящая в нагреве металла, имеющего неустойчивое состояние в результате предшествовавшей обработки, и приводящая металл в более устойчивое состояние.
Закалка — термическая операция, состоящая в нагреве выше температуры превращения с последующим достаточно быстрым охлаждением для получения структурно неустойчивого состояния сплава.
Отпуск — термическая операция, состоящая в нагреве закаленного сплава ниже температуры превращения для получения более устойчивого структурного состояния сплава.
Кроме этих основных видов термической обработки, имеются еще два принципиально отличных способа, представляющих сочетание термической обработки с металлургией или механической технологией.
Способность металлов растворять различные элементы позволяет при повышенных температурах атомам вещества, окружающего поверхность металла, диффундировать внутрь его, создавая поверхностный слой измененного состава. При этой обработке изменяется не только состав, но и структура поверхностных слоев, а иногда сердцевины. Такая обработка называется химико-термической обработкой (ХТО). К этому виду химико-термической обработки относится как бы обратный процесс — удаление элементов путем подбора соответствующих сред. Диффузионная подвижность неметаллов (С, N, О, Н, В) существенно отлична от подвижности металлов, поэтому химико-термическую обработку подразделяют на диффузионное насыщение неметаллами и металлами.
Обработка по этому виду одновременно принадлежит двум разделам технологии металла, так как при химико-термической обработке направленно изменяется и состав металла, и его структура.
В последнее время применение получает обработка, в которой в едином технологическом процессе сочетаются деформация и структурные превращения. Такая обработка получила название деформационно-термическая. Очевидно, в данном случае имеем объединение механической технологии и термической обработки.
Существенное значение имеет и такой факт, когда осуществляется пластическая деформация до или после превращения. Для того, чтобы разделить эти процессы, деформационно-термическую обработку разделяют на термомеханическую обработку ТМО (деформация осуществляется до превращения) и механико-термическую обработку МТО (деформация осуществляется после превращения). Таким образом, к трем основным видам термической обработки (отжиг, закалка, отпуск) должны быть добавлены две сложные обработки:
химико-термическая обработка — нагрев сплава в соответствующих химических реагентах для изменения состава и структуры поверхностных слоев:
деформационно-термическая обработка — деформация и последующая термическая обработка, сохраняющая в той или иной форме результаты наклепа. 
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15. Термическая обработка сталей
Если основой при рассмотрении термической обработки сплавов является соответствующаядиаграмма состояния, то очевидно, что основой для изучения термической обработки стали является диаграмма железо — углерод. Поскольку мы рассматриваем термическую обработку стали, то нам интересны только сплавы с концентрацией до 2 % С и соответственно область на диаграмме железо—углерод с концентрацией углерода до 2 (точнее до 2,14 % С).
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Рис. 172. «Стальной» участок диаграммы Fe-C
Естественно, что верхней температурной границей при термической обработке является линия солидуса, поэтому процессы первичной кристаллизации и, следовательно, верхняя часть диаграммы для нас в данном случае не имеют большого значения.
Участок диаграммы железо—углерод, который будем рассматривать, изображен на рис. 172.
Приведем общепринятые обозначения критических точек.
Критические точки обозначаются буквой А.
Нижняя критическая точка, обозначаемая A1 лежит на линии PSK и соответствует превращению аустенит -перлит. Верхняя критическая точка  A3 лежит на линии GSE и соответствует началу выпадения или концу растворения феррита в доэвтектоидных сталях или цементита (вторичного) в заэвтектоидных сталях.
Чтобы отличить критическую точку при нагреве от критической точки при охлаждении, рядом с буквой А ставят букву с, в первом случае, r — во втором.
Следовательно, критическая точка превращения аустенита в перлит обозначается Ar1 а перлит в аустенит Ac1 ;начало выделения феррита из аустенита обозначается Ar3, a конец растворения феррита в аустените Ac3. Начало выделения вторичного цементита из аустенита обозначается также Ar3 а конец растворения вторичного цементита в аустените — Ac3 (эту точку часто обозначают Acm)
Ниже дана характеристика основных видов термической обработки стали в соответствии с приведенной классификацией в п.2.
Отжиг — фазовая перекристаллизация, заключающаяся в нагреве выше Ac3  с последующим медленным охлаждением. При нагреве выше Ac1  но ниже Ac3  полная перекристаллизация не произойдет; такая термическая обработка называется неполным отжигом. При отжиге состояние стали приближается к структурно равновесному; структура стали после отжига: перлит + феррит, перлит или перлит + цементит.
Если после нагрева выше Ac3  провести охлаждение на воздухе, то это будет первым шагом к отклонению от практически равновесного структурного состояния. Такая термическая операция называется нормализацией.
Закалка — нагрев выше критической точки Ac3  с последующим быстрым охлаждением. При медленном охлаждении аустенит распадается на феррит + цементит при Ar1 . С увеличением скорости охлаждения превращение происходит при более низких температурах. Феррито-цементитная смесь по мере снижения Ar1  становится все более мелко дисперсной и твердой. Если же скорость охлаждения была так велика и переохлаждение было так значительно, что выделение цементита и феррита не произошло, то и распада твердого раствора не происходит, а аустенит (у-твердый раствор) превращается в мартенсит (пересыщенный твердый раствор углерода в а-железе). Неполная закалка — термическая операция, при которой нагрев проводят до температуры, лежащей выше  Ac1  но ниже Ac3   и в структуре стали сохраняется доэвтектоидный феррит (заэвтектоидный цементит).
Отпуск — нагрев закаленной стали ниже Ac1  
Для стали возможны различные виды химико-термической обработки в зависимости от элемента, диффундирующего в сталь.
Насыщение стали углеродом называется цементацией, азотом — азотированием, алюминием — алитированием, хромом — хромированием и т. д.
Термо-механическая обработка стали — нагрев до аустенитного состояния, деформация стали в аустенитном
состоянии (в стабильном состоянии — выше Ac3  или в нестабильном переохлажденном состоянии) и окончательное охлаждение с протекающим при этом превращением наклепанного аустенита.
16. Влияние термообработки на свойства сталей.
В результате термической обработки существенно изменяются свойства стали. Наибольшее значение имеют механические свойства.
В отожженном, нормализованном или отпущенном( tотп>400 C) состоянии сталь состоит из пластичного феррита и включений карбидов (цементита). Феррит обладает низкой прочностью и высокой пластичностью, цементит же при нулевом значении
удлинения и сужения имеет высокую твердость (около 800 HB). Более высокое значение прочности и меньшая пластичность сплавов с содержанием углерода выше 0,01%  очевидно, объясняется упрочняющим действием карбидных включений. Поскольку пластической деформации (при том или ином виде нагружения) может подвергаться только феррит, упрочняющее действие твердых карбидных включений можно представить следующим образом.
При малом количестве цементитных включений (рис. 221, а) пластическая деформация развивается относительно беспрепятственно, и свойства материала характеризуются невысокой твердостью.
	[image: http://stu.scask.ru/archive/arch.php?path=../htm/book_met1/files.book&file=met1_74.files/image1.gif]
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	Рис. 221. Влияние твердых частиц на твердость и пластичность
	Рис. 222. Твердость стали в зависимости от содержания углерода и температуры закалки: 1 — нагрев выше Ac3  ; 2 — нагрев только выше Ac1   (770 °С); 3 — микротвердость мартенсита


Если таких частиц будет больше, например если при термической обработке измельчаются частицы цементита (рис. 221, б), то вокруг этих частиц возникает искажение кристаллической решетки, что препятствует движению дислокаций, и сталь упрочняется. Наоборот, в результате укрупнения этих частиц (рис. 221, в) освободятся некоторые объемы феррита для движения дислокаций, и способность стали к пластической деформации увеличится.
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17. Прокаливаемость сталей.
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18.Внутренние напряжения в сталях.
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19. Четыре основных превращения при термообработке сталей.
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20. Процесс образования аустенита
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21. Рост аустенитного зерна при термообработке
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22. Кинетика распада аустенита в сталях +
23. Строение  и свойства продуктов распада аустенита (два вопроса в одном)[image: ][image: ]
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24. Мартенистное превращение в сталях.
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25. Бейнитное превращение в сталях
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26.Превращения при отпуске сталей. Распад мартенсита.
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Легированные стали и сплавы 
27. Классификация сталей и их маркировка.
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28.Влияние легирующих элементов на полиморфизм железа.
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29. Распределение легирующих элементов в стали.[image: ]
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30. Влияние легирующих элементов на феррит.
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31. Карбидная фаза в легированных сталях.
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32. Влияние лгирующих элементов на мартенситное превращение и превращение при отпуске.
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33. Конструкционные стали. Химический состав, механические свойства, термообработка.
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34. Цементуемые (низкоуглеродистые) конструкционные стали.
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35. Улучшаемые (среднеуглеродистые) конструкционные стали.
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36. Высокопрочные стали.
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37. Свариваемость стали.
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38. Строительная сталь
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39. Пружинно-рессорная сталь.
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40. Шарикоподшипниковая сталь.
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41. Инструментальные стали пониженной прокаливаемости
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42. Инструментальные стали повышенной прокаливаемости
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43. Быстрорежущие стали.
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44. Твердые плавы.
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45. Штамповые стали для горячего деформирования.
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46. Штамповые стали для холодного деформирования.
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47. Жаропрочные стали
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48. Коррозионностойкие стали.
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Цветные металлы и сплавы
49. Медь и ее свойства
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50. Сплавы меди с цинком (латуни). Протсые и многокомпонентные
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51. Алюминиевые бронзы
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52. Оловянные бронзы.
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2. MapxHpoBKa JerHpoBaHHHIX CTaJjed

HOass o6osHaueHHs] MapoK crajau paspaboTaHa cuHcTeMa, NpUHATAdA
B OCTax. O6Go3sHaueHHust COCTOAT U3 yuca UHp H 6YKB, YKa3bIBAIOULUX
Ha NPHUMEPHHINA COCTaB CTalH.

Kaxkppiit nerupyromuii snemeHT o6o3Havaercs OykBofi: H — Hukesb;
X — xpom; K — kob6aavt; M — MonubueH; I' — mapranen; I — menp;
P — 6op; b — nuobuit; L — mupxonust; C — kpemuuti; I1 — docdop;
Y — penkoseMenbHele MeTaaan; B — Boabppam; T — Tutan; A — asor;
® — Banagu#t; IO — asmoMuHUA.

[lepBrie HudpH B 0603HAUEHHH MOKA3LIBAIOT CPefiHee COAepXKaHHe
yrjiepofa B COTHIX AOAAX npoueHTa (Y BHICOKOYrJIEPOAHCTHX HHCTPY-
MEHTAJbHLIX CTalfAX B AECATHIX AO0AsAX npoueHrta). Lludpw, wuaymue
nocjie 6yKBHI, YKa3hIBalOT Ha NPHMEPHOe cOpepxKaHHe AAHHOrO JIErHPY-
IOllero 3JjeMeHTa (MpPH CORepP>KaHHH SJjeMeHTa MeHee 1 % uudpa
OTcy'rc'n;ye'r; npu comepxanun 1 % wmuppa 1 um 2 % — uudppa 2
H T. A.).

CnenoBartesibHO, cTtajb coctaBa 0,10—0,15 % C u 1,3—1,7 % Mn
o6osHayaetrca 12I'2; craab cocraBa 0,28—0,35 % C; 0,8—1,1 % Cr;
0,9—1,2 % Mn; 0,8—1,2 % Si o6osnauaerca 30XIC u T. &.

Hns Toro, 4To6H NMOKa3aTh, YTO B CTAJH OrpaHHYEHO CoAepIKaHHe
cepnl u ¢docdopa (S < 0,03 %; P < 0,03 %), a Takxke uto COGMOAEHH
BCE€ YCJOBHS METaJNJNYPrHi4ecKoro MNPOH3BOACTBA BLICOKOKAueCTBEHHON
cTasH, B KOHLe 0603HAauYeHHsI MApKH cTaBsAT GYKBYy A 1.

OnHako B psjie caydaeB AJifi COKPalleHHs 4Kc/aa 3HaKoB B o603Haye-
HHH HECKOJIbKO OTCTYNAalT oT TouHoro cobuiofeHus cucreMul ['OCTos
(oco6eHHO 3TO OTHOCHTCSI K CJOXHOJErHpoBaHHHIM crajsiM). Hamnpuwmep,
B HHCTPYMEHTAJIbHHIX CTaJNfAX, HMEIOWHX yraepoaa 6oabiie 1 %, uudpH,
o603HavaoUue ero copepxKaHue, MOJHOCTBIO ONYCKalOT. Tak, HHCTDY-
MeHTaJbHas ctaJb ¢ 1,45—1,70 % C; 11,0—12,5 % Cr u 0,5—0,8 % Mo
o6osnauaer X12M.

Ins cnaaBoB ¢ comepxaHueM xejae3a meHee 50 % u Goabluoe KoJjH-
YeCTBO PASJIHYHLIX JIETHPYIOIIMX 3JIEMEHTOB Bce OHH MNepPeYHCSIOTCS
6ykBaMH, a UHPPOHA YKasbiBaeTCs TOJNBKO COAEPXKaHHE HUKeNS.

HecranpaptHrle crand o0603HAYalOT CaMBIM PasJHYHHIM 00pas3oM.
Tak, oneITHHIE MapKH, BHIIJIABJEHHbBIE Ha 3aBOJE <¢DJIEKTPOCTAJb»,
o6o3HayaioTcsi OykBoi M (uccmepoBarennckue), IT (npoGHeie) wuau
K u nopsakoBeiM HomepoM, Hanpumep OJU179, 3U276, II1398
M T. A

HecmoTpa Ha TO, uTO A8 BCeX craneii HEBO3MOXHO MNPHMEHHTh
B nojsHoM oObeme cucremy MapkupoBku ['OCTa, ona Bce xe Gosee
yroOHa, HarJdsAHA U SHAUUTENbHO NPEBOCXOAUT B STOM OTHOLIECHHH NMPH-
HaTyio B Apyrux crpanax (CIIA, Axrauu, ®PI' u ap.) cucremy mMapku-
POBKH CTaJIH.

1 ByxBa A B cepefiiHe MapoYHOro o60SHaYeHHS yKa3hlBaeT Ha Ha/IHYHe asora, cne-
UBanbHO BBEREHHOTO B CTafb,
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Bce asnemeHTH, KOTOpHEe pacTBOPSIOTCA B KeJjese, BJAHAIOT Ha TeMiepa-
TYPHHI HHTEpPBaJ CYIIeCTBOBAHHUSA €ro aJJIOTPONHYeCKHX MoAH(pUKamui,

T. €. CABMraloT TodykH A; u A, no TeMneparypHoi#l KaJe.
BonbmIMHCTBO 3/1eMEHTOB MJH NOBHINAIOT TOYKY A, M CHHXKAIOT
TOUKY Ag, pacluHpsf TeM caMbiM 06/1acTb CYLIECTBOBaHHA Y-MONHIHKAILIHH
(puc. 272, a), unu nouHuxawr A, u nosmnmaior A, cyxaa o6-
JlacTh CYIIEeCTBOBAHHA Y-MoAndUKamuu

“TZ( “T | (puc. 272, 6).
a7 | Hs cxemaruuecKuX AuarpaMm Cco-
oty CTOSIHHA JKeJe30 — JIETHpYIolui 9Je-
7 « MEHT, NpHBEJeHHHX Ha puc. 272,

|

| BHAHO, YTO CBHillle ONpEeAeJeHHOro
aty : CollepiKaHus MapraHiia, HUKeJas HIHu He-
| KOTOPHIX ApYTHX 37eMeHToB (puc. 272, a)
| Y-COCTOsIHHE CYLIECTBYET KaK cTabuJb-

‘ - | HOE OT KOMHATHO# TeMNepaTypHl 10 TeM-
Fe ™ o F%rWMoVT‘;' ,, TEPaTypH MIaBEHHS. Takue cnaaBm

P gt hehe® Ha oCHOBE JKeJle3a Ha3hIBaloTCs aycre-
Puc. 272. [InarpamMmMbel COCTORHHS Xe- HHTHBIMH. np“ conepmamm BaHalud,
neso — nerupyomuft SneMeHT MoJuOfeHa, KpeMHHSI M APYruUX 3Jje-

MEHTOB CBHIIllE oOlpeJeJIeHHOro mnpe-
fejla YyCTOAYMBHIM IIpH BCeX TeMnepaTypax sBJSeTCA O-COCTOSIHHE
(puc. 272,6).

Takue cnjiaBHl Ha OCHOBE JKejiesa HashIBalOTCH (eppHTHHIMH. B ot-
JHYHE OT APYTHX CIJIABOB Ha OCHOBE XXeJjie3a ayCTeHHUTHHE H (eppHTHHIE
CIIJIaBHl He HMEIOT npeBpalleHHHA NpU HarpeBe U OXJaXKNEeHHH.
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B npoMHIINIEHHBIX JErHPOBaHHHIX CTalfAX, KOTOphle SIBJASIIOTCS MHOIO-
KOMIOHEHTHHIMH CHCTEMaMH, JIerHPYIOUlHe 3JeMEeHTRI MOTrYT HaXOXHThCS:
a) B cBoGogHOM cocTosiHUH; 6) B dopMe HHTEepMeTaJIHYeCKHX COeLH-
HEHHNA C XeJle30M HJAH MeXXAY coboi; B) B BHAE OKCHAOB, CYJAb(HAOB
H JPpYruX HeMeTaJlJIMYeCKHX BKJIOUEHHH; I') B KapOuauo#t ¢ase — B BHAe
pacTBopa B LIEMEHTHTE MJIM B BHAE CAMOCTOSITEJIbHHX COeAMHEHUH C yrie-
polioM — cnenuaJabHBIX KapOuloB; A1) B ¢opMe pacTBopa. B KeJjese.

PaccMoTpuM nepeunc/ieHHBle BO3MOXHOCTH.

1. Ceunen, cepe6po, Meab He 0o6pa3yioT COeAMHEHHH C KejeSOM;
KpoMme Torg, cepebpo u CBHHeIl HepacTBOPHUMBI B TBEPAOM XeJjese, a pac-
TBOPHMOCTb MeAn cocraiasier npuMepHo 1 %. IlosromMy npum Hanuumu
B CTaJlH fAaxe BecbMa MaJjIbIX KOJHYECTB CBHHNA, cepebpa HJIH MeIH
(Menu Boille 1 %) oHu 6yAyT HaXoAUTHCH B CBOGOAHOM COCTOSSHHM B BHJIE
MeTaJliHuYecKHX BkJioueHu#. Cranu, JerupoBaHHble cepeGpoM, a TaKxKe
Meabio npu cofepxkaHuH ee Gosee 1 %, npuMenenus He umetotr !. Cre-
AoBaTteJIbHO, cay4alt, Korjaa Jerupyolui sjeMeHT NPUCYTCTBYET B CTaJH
B CBOGOJHOM COCTOSSHHM, BCTPEYaeTC BecbMa pefAKo M NoApOGHOro
pacCMOTpeHHS He 3acJyIKHBaer.

2. O6pasoBHBaTh HHTEPMETAJIHYECKHE COEAMHEHHA MOryT G6oJb-
IUKHCTBO NPHUMEHAEMRIX JIerHpYIOLKUX 3jeMeHToB. OHaKO 3TH COeHHEHHS
o6pasyiorcsl JHIb MPH TAKHX COAEPIKAHMAX JIErHPYIOUHX 3JE€MEHTOB,
KOTOphle MpaKTHYeCKH He BCTpedaloTcss B OOLIYHHIX MMPOMBIIUIEHHBIX
cransaXx. IlostoMy MoOXHO cuMTaTh, 4TO B OOGBLIYHKIX MAacCCOBHIX CTaJfAX
HHTepMeTaNJIHYeCKHe COeNMHEHHS JErHpYIOIIHX 3/JE€MEHTOB He BCTpe-
qaiorcs.

B BHICOXOJIErHpOBaHHHIX CTaNAX M ChJIaBaX o6pa3yloTCs HHTEpMe-
Tajl/INYecCKHe COeAHHEHHS, 4TO uMeeT OoJblUoe 3HauYeHHe MJIf STHX
CIIJ1aBOB.

3. O6pa3oBHBaTh OKCHAM H APYrHe HeMeTa/lJIM4eCKHe COeAHHEeHHS
MOTYT MHOTHE SJIeMEHTHI, uMerollue OoJiblllee CPOACTBO K KHCJIODOAY,
yeM xxene3o. [lostoMy B nmpotuiecce npou3BOACTBA CTaldH TaKHe 3JIEMEHTHI,
BBEICHHbIE B MOCJEAHHA MOMEHT NJaBKH, PACKHC/ASAIOT CTajlb, OTHHUMAas
Kuciaopox y xenesa: FeO 4+ M — MO + Fe.

B sro#i cxemaruueckoit dopMmyne peakuuu nox M noppasymeBaercs
nio6oft nerupylomui saeMeHT-pacKuciauteab. B pesyabrare peakiHH
packuciaeHus obpasyiorcsi okcuabt AlgOy, TiO,, VO u mp.2

Kpome Gosbluoro CpoacTBa K KHCJIOPOAY, HEKOTOpHiE 3JIEMEHTH
HMeloT GoJiblllee CPOACTBO K cepe, UeM Keje3o, H NPH BBEA€HHH HX 00-
pasyioTcst CyJab(QHABL.

KonuuectBo okcuaoB, cyabdHA0B H APYTHX HEMETAJIHYECKHUX BKJIO-
YeHHH B OOHIYHHIX MPOMBIILIEHHBIX CTaJfX HEBEJMKO H 3aBHCHT OT
MeTOAa BEJeHHS IJaBKH.

2O CBHHUOBHCTHX aBTOMAaTHMX CTanax cM. c. 180.

2B nocnegnee BpeMsi no/lydaeT NpHMeHeHHe pacKucjaeHRHe yraepopom. B stom cay-
Yae NpPOAYKTH packuciaeHns rasoobpasun (2FeO 4 C = 2Fe 4- COp) u ymansorcs
RS MeTajlJla NPaKTHYECKH MOJHOCTbIO NPH BaKyyMHPOBaHHH.




image80.png
boapme Bcero HemeraNJHYeCKHX BKJIOYEHHMA B Kunslneh MapTeHOB-
CKO¥ MeHblle B CIOKOHHOM CTalH M ellie MeHbllle B sjeKTpoctaau. Cranb
BaKyyMHOH BHIIVIaBKH (2 TaKXXe CTaJb 3JeKTPOLIJIaKOBOro nepenJiaBa)
COAEPIKHT CaMoe He6GoJblIoe KOJHYECTBO HeMeTalJHYECKHX BKJIOUEeHHA.

4. PacrBopsiTbCsl B LEMEHTHTE HJIH 06pa30BHIBATL CAMOCTOSITENIbHBIE
KapOuAHbe ¢dasH MOTYT MHOTHE 3JIEMEHTH, HMEIOIlHe CPOACTBO K YT-
Jepony.

O xap6umoo6pa3oBaHHH B CrTajdd OyAeT CKasaHo Aanablie. 3Jechb
OTMETHM, YTO KapOuIoo6pasyioliuMH JIeMEHTaMH SABASAIOTCS JHILIbL 3je-
MEHTHl, pacCloJIOKeHHHE B MEpHOAHUYECKOM CHCTEME 3JIEMEHTOB JieBee
xene3a (o6BeaeHH! pamko#t, puc. 279).
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Prc, 279. [lepuoanyeckas CHCTeMa SJIeMEHTOB (B paMKe sJieMeHThI, ofpasylide KapGHAH
B CTaJjH)

YKazaHHbBle SJIeMEHThI, KpoMe TOro, 4To OHH 006pasyior KapGHAHL,
pacTBOpsIOTCA M B xejese. CliefoBaTeIbHO, OHH B H3BECTHON NPONOPUHH
pacnpenensiorcsl MeXAY STHMH IBYMsi (a3ami.

5. PactBopsiTbcsi B KeJjiese B 3HAYUTEJbHBEIX KOJHYECTBAX MOXKET
GONBIIMHCTBO JIEFHPYIOUIUX 3JEMEHTOB, KpOMe yrJjepoja, asora, KHCJO-
pora W Gopa W MeTanJOMIOB, YAAJEHHHIX B NEPHOAHYECKOH CHCTeMe
OT XKeJjie3a. DjieMEeHTHl, PacloJIoXKEHHbIE B NEPHOAHYECKOH CHCTEME JleBee
JKejiesa, paclnpefesnsioTcss MexXAy Keje3oM (ocHoBoH) M KapOuAaMHu;
3JIeMEHTHl, pacloJoXEeHHbIE MpaBee xeje3a (KoOaabT, HHKENb, MeIb
M Apyrue), o6pa3yioT TOJbKO pPacTBOPHI C KEJe30M H He BXOAAT B Kap-
OHIHL

Takum o6pasoM, NOABOAS HMTOTH, MOXXHO KOHCTaTHpPOBAarth: JEeTrHpy-
IOllMe 3JeMEHTH MpPEeHMYILIECTBEHHO PacTBOPSAIOTCA B OCHOBHHIX (asax
JKeJie30yIrJiepoAMCTHIX cnaaBoB (eppur, aycTeHHT, LEMEHTHT) WIu obpa-
3YIOT chneluadbHBle Kap6Guan !

~snb

! CneunanbHeIMH KapGuAaMM HashBAlOTCA KapOGHAbl, OGpa30BaHHble C YYacCTHEM
Kap61a006pa3yOUlHX 3JEMEHTOB H HMEIOLHe OTJHYHYIO OT LeMEHTHTa GOpMYyJYy H Kph-
CTa//IHYECKYIO PEIleTKY.
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PacrBopeHue Jerupyromux sjementoB B Fe, mpoucxoautr B pesyabrare
saMelleHHsi aTOMOB KeJie3a aTOMaMH 3THX 3JeMeHTOB. ATOMMH JIerupy-
IOLIHMX 3JIEMEHTOB, OTJIHYAsICh OT aTOMOB 2KeJjle3a pasMepaMH U CTPOEHHEM,
CO3LAIOT B pelleTKe HANpsXEeHHs, KOoTOpHe BBI3HIBAIOT H3MEHEHHEe ee
neprona. Kak mokasano Ha puc. 83, @, Bce 3jeMEHTH, pacTBOpPSAIOLLHE
B deppure, H3MEHSIOT napaMmeTphl pelleTKH ¢eppura B TeMm OoJjbliei
cTeneHH, 4eM GoJibllie pas3JjHyYalOTCS aToOMHEIE pasMepHl Keje3a H JIETH-
PYIOLIEro 3JjieMeHTa. DJIeMEHTHl ¢ aTOMHHEIM pafHYCOM, MEHBIUHM, 4YeM
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Prec. 280. Banaune nerapyroninx sjJeMeHRTON Ha cmofictsa deppura:
a ~ TEepROCTh; 6 — YRapHaR BASKOCTH

Y Xeje3a, yMEHbIIAIOT Napamerprl pelIeTKH, 8 ¢ G6oNbUIHM — YBeJH9H-
BaloT ! (HUKeJb ABJISIETCH HCKJIIOUEHHEM).

EcrecTBeHHO, 49TO H3MeHeHHE pa3MepoB C-pellleTKH BBI3BIBaeT H
M3MEHeHHe CBOHCTB (eppHTa — NPOYHOCTh MNOBHILAeTCH, a IMJ1acTHY-
HOCTb YMEHbLUAETCH.

Ha puc. 280 noxasaHm wu3meHeHust cBo#cTB (eppura (TBEpHOCTD,
yAapHasi BSI3KOCTb) NPH PacTBOPEHHH B HEM pPa3jHYHBIX 3JIEMEHTOB.
Kak BumHo M3 AmarpamM, XpoM, MoaubaeH, BoibdpaM YNpOUHSIOT
deppur MeHbIIE, YeM HHKeJb, KpeMHHH u MmapraHen. Moau6aeH, BoJib-
¢pamM, a Takxke MapraHein ¥ KpeMHuii (npu HaJMuuuu Gonee 1 %) cHuxkaloT
BsidakocTh (eppura. XpoM yMeHplaeT BSA3KOCTh 3HAaYHTENbHO CJlabee
MepeducIeHHHX 3JIeMeHTOB, a HHKeJb He CHHXaeT BS3KOCTH ¢ep-
pHTa

BaxHoe 3HaueHHe MMeeT BJIHSIHHE 3JIEMEHTOB Ha NOPOT XJdaAHOJOM-
KOCTH, YTO XapaKTepH3YeT CKJIGHHOCTb CTaMH K XPYNKOMY pa3pylleHHIO.
Hanuune Xxpoma B Kenese c€moco6CTBYET HEKOTOPOMY MOBHILLEHHIO
nopora XJaAHOJNIOMKOCTH, TOrAa KaK HHKEJb HMHTEHCHBHO CHHXXaer

1 ATOMHEE pa3MepH SJeMeHTOB ¢M. B Ta6ia, 8,
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nopor XJagHOMOMKOCTH,
K Xpynkum paspymenusm (puc. 281).

Takum o6pasom, u3
NPOCTPAHEHHBIX  JIETHPYIOLHX
Jdsiercsi HuKeab. JlocTaroYHO HHTEHCHB-
HO ynpo4Hsis (eppHT, HHKeJb He CHH-
Xaet ero BS3KOCTb M INOHHXKaer no-
por XJaJHOJOMKOCTH, TOrAa Kak JApyrue
37IEMEHTH], €CJIM H He CHHXKAloT BHA3-
KOCTH, TOo cJa6o YynpouyHSIOT ¢eppHr
(xpoMm) nu6o, cuABHO YnpouHas ¢eppwur,
PE3KO CHHXKAIOT ero BSiI3KOCTb (Maprasern,
KpeMHu#t 1).

IpuBenennbie Ha pue. 280 maHHBE OTHOCATCA
K MeJeHHO OXJaXAeHHHM chjaBaM. CpoiicTBa
q>eppwra, cojepaKailero B pacTsope Kp&MHHﬁ, MoO-
JIHGJeH HJIH BOJbOpPaM, MPAKTHYECKH HE 3aBHCAT
OT TOro, Kak OXJsaxpaaJjica CmjaaB — 6blCTp0 HIH
MeJJIeHHO, TOrAa Kak TBepAOCThb q:eppm‘a, JIern-
POBAaHHOro XpomMoM, MapraHuemM H HHKeJeM, nocjie

6HCTpO[‘O OXJIaXKAeHHs1 OKa3biBaeTcss 6oJjiee BLICO-
KO#, uyeM nocje MeJJIEeHHOrO OXJIaXKJIeHHS.

nepequc.nemmx 1IeCTH
3JIEMEHTOB ocof6eHHO
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Puc. 281. Buaunanue JIerHpyIoLHx
SJIEMEHTOB Ha NOPOr XJAZHOJOMKO-

Hccnenosanue NpHYHH  YNpOYHEHHA MNpH CTH XeJe3a
GLICTPOM OXJIaXJeHHH JerHpoBaHHoro ¢eppuTra
B [npakTHYecKH Gesyraepoguctix cruaBax (C << 0,02 %) nokasano, uTO 3TO

CBI3aHO C 06pa3oBaHHEM

CTPYKTYDH MapTeHCHTHOrO THNA.

Puc. 282. Crpykrypa deppnra B cnaaBe c 4,2 % Cr:
a — noJusapHYecKHNt GEPPHT, MERJNEHHOe OXJaXKJeHHe,

PHT, O9eHb GLICTPoe OoxJaakaeHHe, X 400

X 400; 6 — wuroapuaTHft dep-

Ilpu MepneHHOM OXJaKIAeHHH nojyvaercs noiausppudeckuit deppur (pnc. 282, a).
[pu GhICTpOM OXJaXKAEHHH MOJyyaeTcsl CTPYKTypa HrOJLYaTOr0 THNA — HrOJMbYaThIA
tdeppuT (pHc. 282, 6), nmo BHelHeMy BHAYy moxoxas Ha GefiHHT. TBepAocTr HroJbyaToOro
¢deppura Ha 100—150 HB BrIme TBepmocTH nosusipHueckoro ¢eppHra.

! [lono6GHoe BAHSIHHE MapraHLa H KPEMHHS OTMEYaeTcs NpH Haauund Mn > 1+

+1,6% u Si>0,5%.
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B cransix xapGuARl o6pasyioTcst TOJABLKO MEeTaJlJlaMH, PacnoJIoXXKeHHBIMU
B NMEpPHOAHYECKOA cHcTeMe SJIeMEHTOB JeBee KeJje3da (cM. puc. 279).
ITH MeTaJJbl, KaK M XKeje30, OTHOCATCA K 3JieMEHTaM nepeXoAHBIX
rpyni, MMeoT MeHee NOCTPOEeHHYIO d-3JIeKTPOHHYIo moJjiocy. YUem sesee
pacnojioxkeH B NepHoAHuYecKod cucremMe KapOupooOGpasyloliuft SJeMeHT,
TEM MEHee JAOCTpoeHa ero d-moJioca.

Hmeercst pgocraTouHo OCHOBAaHHH mpeanodiaratb, 4YTo B Hpouecce
KapOunoo6pa3oBaHUsl YIJIepOA OTAAeT CBOM BaJEHTHBIE 3JIEKTPOHH Ha
3amnoJiHeHue d-3JIeKTPOHHOM NoJIOCH aTOMa MeTajijla, TorAa Kak y MeraJna
BaJIeHTHBIE 3JIEKTPOHHI 00pas3yioT MeTaNJMHYecKYyio CBs3b, 00YCJOB/IHBA-
IOIYI0 MeTallinYecKue CBOHCTBa KapOuIOB.

MHorouuc/eHHbe ONBITH MOKAa3HIBAIOT, YTO 4Y€M JieBee B IepHOoAHYe-
CKOH cHCTeMe pacChmoJIoXKeH JJIeMEeHT, T. €. YeM MeHee JOCTPOoeHa Y Hero
d-3/IeKTpOHHAas MoJsioca, TeM GoJiee ycToHuYMB KapOui. Stu ob6erosiTelb-
CTBa MO3BOJAIOT cOPMYJIHPOBATh MOJOXKEHHS, XapaKTepusyolue B 06-
IeM BHAE YcJoBHS KapOuaooOpasoBaHHS B CTANSIX: TOJAbBKO 3JIEMEHTH
C d-sJIeKTPOHHOH moJsoco#, 3anojJIHEHHOM MeHbllle, YeM Yy XKeJje3a, SiB-
Asilorcsl Kap6uaoo6pasylolliMH; aKTHBHOCTb HX KakK KapOGuaooGpa3oBa-
TeJlel TeM CHJbHee M YyCTOHUMBOCTD o6Gpa3ymlomiuxcss KapOMAHHIX (a3
TeM GoJibllue, YeM MEHee JOCTpoeHa d-nojioca Y MeTajjnyecKoro aroma b,

STO nosoxeHHe NO3BOJSET yKa3aThb yCJOBHS o6pa3oBaHWsi KapOHAOB B CTaldH MpPH
HaJHYHH HeCKOJNbLKHX XapOHA006pa3ylolHX SJEeMEeHTOB, NMOCJef0BaTeJbHOCTh PacTBOpe-
HHSA B ayCTEHHTe PasS/JHUYHBIX KapGHAOB H Apyrue GakTOpH, BaxKHLle AJI TEOPHH JerHpo-
BaHHs, NPaKTHKH NPOHSBOACTBA H NpHMEHeHHS JIETHPOBAHHHX CTajef.

B cooTBeTCTBHH cO CKasaHHHM KapGHAH B CTanfax GyRyT 06pasoBWBaThL Cjaefylomue
SJIeMEHTH: THTaH, BaHafuM, XpoM, MapraHell, UHDKOHHRA, HHOGHRA, MonnGReH, radHnl,
TaHTaj, Bojbdpam.

B npupone usBecTHH KapGuAL! HEKeAS B KOGajbTa, HO B CTakfAX, T. €. B CN/ABaxX Ha
OCHOBe JKejlesa, STH METANJH KapGHAOB He 06pasyl0T, TaK KaK Ha d-mojoce KO3anLT

1 U3 xypca ¢pusuKn H3BECTHO, YTO SJEKTPOHH PAacnOJAraloTcs BOKPYT snpa aToMa
B BHIe OTHENbHLIX SJIEKTPOHHLIX O6oJjiouek. YeM nanabile OT sfpa OTCTOHT 00OJOUKa,
TEM BHIIlle YpOBeHb SHEPrHH SJEKTPOHOB 9Toft o6osouxku. Kaxnaa o6osiouxa B CBOIO O4qe-
peAb pacmenJifieTc® Ha pAX YpoBHell SHeprMM HJH NOJOC, MOJYYHBIUHX OGOSHaueHHA
(no HanpasJsieHuto oT axpa aToMa) s, p, d, f. Ha xaxno#t nosoce Moxer pacrnoJsaraTtbCs
OrpaHHYeHHOE YHCJO0 3JeKTPOHOB, Tak, Hanpumep, Ha d-mojoce MOXeET Da3MEeCTHTbCA
He GoJiee 10 snekTpoHoB. [Ipu nocilenoBaTe/IbHOM nepexoie OT aTOMa BOAOPOA& K APYTHM
SJ/leMEHTaM NepHOAHYeCKON CHCTEMBI YHCJIO SJIeKTPOHOB BO3pacTaeT B COOTBETCTBHH C HX
aTOMHBIM' HOMEpOM, NpHYEeM SJIEKTPOHH CHayajla 3aHHMAIOT Bce MECTa C HaHMEHBbLIHMH
YPOBHSMH SHEpruH, T. €. Mocjef0BaTeJbHO BCe MecTa B nepBoii o6oJiouKke, 3aTeM BO BTO-
poit H T. K. OfHaKO Y HEKOTOPLIX 9JE€MEHTOB, NOJYYHBIIMX HaHMEHOBaHHE SJIEMEHTOB me-
PexofHbIX rpynn, Ha BHelnHel (BajJieHTHOM) 060JI0uKe YiKe noaBafioTca | uian 2 sJeKTpoHa
ellie 10 TOro, KaK HOoCTpoeHa d-noJsioca npexniayme#t o6osoukn. K sTuM siemeHnTaM OTHO-
CATCA MHOrHe MeTall/ILl, B TOM YHCJIe JKeje30 H KapGuuooGpasylolue SJeMEHTHI,

CopMysnpoBaHHOe BHIllle MOJIOXKEHHE SABJSETCS YacTHLHIM clyyaeM ycjoBuii o6pa-
30BaHHA KapOGHJIOB HMJIM HHTPHIOB B cnjaBax. Kap6upo- u HHUTPHROOODA3YIOLIHM SJje-
MEHTOM B ClJlaBe ABJIfETCA TaKOlf SJIEMEHT, Y KOTOpPOro MeHee AOCTpoeHa d-noJioca, 4eM
Yy OCHOBHOro MeTaJjlJa,

Huorpa, npasa oueHb peixo, B MeTaJJHYECKHX CnjiaBaXx o6pasylorca KapGHAM 60pa,
aJllOMAHHA, KPeMHHS M APYTHX 5JIeMEHTOB, MO NPpHUBEeAEHHOR KJAaccHPHKALHH OTHOCA-
muxca X «HexapGumooGpasylomum» saementaM. leso B ToM, uro Kap6uam BC, AlsCs
B T. A. COBEpLIEHHO OTJAHYHH OT paccMaTpHBaeMHX KapOuAOB. 3TO COeJHHEHHS C KOBa-
JeHTHOR CBsA3bO, He obnajalomKe METaJAHYECKHMH CBOACTBAMH.
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HMeeT 7, a HHKeb 8 9J1eKTPOHOB, T. e. 6oubllie YeM XKeJses0, HMmelowee Ha d-noaoce 6 sJek-
TpOHOB. [losToMy yrsiepoA OTAaeT CBOH 3JIEKTPOHH XKejie3y H KapOHAbl HHKeNs HJIH KO-
GajsbTa He o6pasyoTCs.

DIeMEeHTH! C NOJHOCTbIO 3anojiHeHHOoM d-nonocolt (Mellb, IHKHK, cepe6po H T. A.) HR
NpH KaKHX YCJIOBHAAX KapGHJOB B CrnJjiaBax He o6pasyloT.

BMmecTe ¢ TeM B COOTBETCTBHH C BLICKA3aHHLIM BhILlIE [10JIOXKEHHEM, aKTHBHOCTh KapGH-
R006pa3oBaHHsA H YyCTORYHBOCTL KapOHIOB B JIETHPOBAHHKIX CTaJAX GyfeT BO3pacTaTh NpH
nepexojie OT SJEMEHTOB MapraHlla H XpoMa K 3JeMeHTaM MOJHOMEeH, BaHaJHH, BoJbdpam
M THTaH H Ap. HMEIOLHM MeHee KOCTPOEHHLIE d-NOJIOCH, YeM y MapraHlla H xpoma. 3T0
3HaYHT, HanpHuMep, YTO NPH HAJTHYHH B CTAJH ORHOBPEMEHHO XpOMa H BaHaJHA CJIeAyeT
OXHAATh B NepBylo ouepelb o6pa30BaHHA KapOHAOB BaHAAHs.

[IpuusB atomuulft paguyc yriaepona passuiM 0,079 HM J1erko NOACYHTATDL, YTO ¥ BCeX
Kap6HJ006pa3yolllHX 3JIEMEHTOB, KpOME XKejle3a, MapraHila H XpoMa, OTHOILUEHHS! aTOM-
HHIX PafiHyCOB yrjepofia K MeTajny Mmenbuie 0,59.

Brime ykassiBasnocs (ra. 1V, n. 8), uto eciin y MeTajia nepexofHOH IPynns H y me-
TaJJIOHKA C MaJibLIM aTOMHLIM pafiHycoM (yrJiepoh, a3oT, BOAOPOA) OTHOLIEHHE ATOMHBLIX
paauycoB menbuue 0,59, To Bo3sMOXHO o6pa3oBanHe 0COGLIX BHIAOB COeRHHEHHH, KOTophie
HasHBaloTCA «(pasaMH BHeJgpeHHs» (cM. C. 99).

Y GoabliHHCTBA KapOHA006pasylollHX SJEMEHTOB COOTHOWIEHHE r¢ : ry= <<0,59,
NO3TOMY MeXAy HHMH H yIJjIepoJoM BO3MOXHO oSpasoBanHe (a3 BHEAPEHHA.

YCTaHOBJIEHO, YTO B CTajdsiX MOryT 00pa3oOBhIBAaTLCA CJeRYIOLLHE
KapOuaHble COeiHHEHHUA:

Fe,C Mo,C W

Mn,C W,C, WC

Cl'zaco. Cr,Cs } Kapﬁnnbl I Fpynnw VC II<Iap6Hm>1

FesMo,,C TiC | rpynmnsl

FesWsC | NbC (pasu
TaC, Ta,C | BHEAPERHS)
ZrC

OnHako B CTajfiX B YHCTOM BHJe NepeuHcleHHble Kap6uILl He cyuie-
ctByloT. Kap6uanl Bcex JIerHPYIOUMX 3JIEMEHTOB CONEP2KAT B PacTBOpe
JKeJjie30, a NPH HaJHUYHH HECKOJBbKHUX KapOuaoo6pasyouux 3/1eMeHTOB —
M 3TH SJIeMeHTh. TaK, B XpOMOMapraHuoOBHCTOH CTaJH BMECTO YHCTOrO
Kap6una xpoma Cr,3Cq 06pasyeres kap6un (Cr, Mn, Fe),;Cq, conepxamuit
B pacTBOpe XeJjie30 U Maprasell.

Tak kak kapOuAbl, HMeOIIHe OJHHAKOBYIO XHMHYeCKYyic (opmyay,
B3aHMHO pacTBOPAIOTCS, TO, HalpUMep, NIPH HAJHWYUU B CTaJld OLHOBpe-
MEHHO THTaHa M HHOOHS OyayT oOpa3oBbLIBATLCS He JBa pasjieJeHHbIX
BUJa KapOHIOB, a OAHH OOWIUH KapOUJ, B KOTOPHH «Ha paBHBIX OCHOBa-
HHAX» BXOAAT H THUTAH H HHOOMH. [loaToMy BO3MOXHBLIX BapHaHTOB
KapOunoobpasoBaHHsi MeHblIe, YeM 3TO YKa3aHO Bhillle, U (haKTHUECKH
MBI BCTpeuaeMcsi B CTaJfiX JIHIIb ¢ KapOuaaMu LUeCTH BHAOB:

MyC MC } 6 8
MysCe kap6uas I rpynnm; M,C ] FEPPRARE 1T TRYHREL
M.Cs ’

MC

rge nox M nozxpasymeBaercss cymMMa KapOupooOpa3yoWuX 3J€MEHTOB
(MeranaunyeckuX). COOTHOUIEHHS MeXIY MeTajlJIMueCKHUMH 3JIeMEeHTaMH
H yriaepoaoM (Iis HenedeKTHOH pelleTKH) YKasblBaloTcs (HOpPMYJIOH.
Kap6uamnl, orHeceHHHe B | rpynny, MMelOT CJAOXHYIO KpHCTaJdJaHye-
CKYIO CTPYKTYPY. THNHYHHIM NpeAcTaBHTeNeM KapOHAOB 3TOro THNa
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fIBJISIeTCA ILeMEHTHT, KPHCTaaJHuyYecKass CTPYKTypa KoToporo Owlja mno-
KasaHa Ha puc. 133.

Oco6eHHocTb cTpoeHHsi Kap6upoB Il rpynnm kak ¢a3 BHeZpeHHUS
3aKJIIOYaeTCs B TOM, YTO OHH HMEIOT NNPOCTYIO KPUCTANJIUYECKYIO PELIeTKY
H KPHCTAMJHU3YIOTCS OOBIYHO CO 3HAYHTEJNbHBIM AePULUTOM IO Yrjepoay.

Canenyer oTMeTHTB, 4TO (pa3sl BHEAPEHHUSA TPYLHO PacTBOPUMEL B aycTe-
HHTe. DTO 3HAYUT, YTO NpPHU HarpeBe (Ra>Ke OYEHb BBHICOKOM) OHH MOTYT
He InepefiTH B TBepAh# pacTBop. B 3TOM HX oT/iHuHe OT KapOHIOB
I rpynnel, KoTophle NpH HarpeBe JErkO pPacTBOPSIIOTCS B ayCTEHHTeE.

¢

Puc. 283. JlHarpaMMbl H3OTepPMHYECKOro pacrnaja ayCTeHHTa:

a — yraepoaucras (/) M JerupoBaHHasa HexkapOHR00GpasSyOUHMH
saemeHTaMH (2) cranu; 6 — yraepoAucrasa (/) M JerHpomaHKas
Kap6HpoobpasylonHMH sjeMeHTaMH (2) cranH

Bce kap6upHble (a3l 06aaKai0oT BHICOKOH TeMmilepaTypoil MNJIaBJIEHHS
M BHICOKOIH TBepxocThio. Pa3nl BHeAPEHHS B 3TOM OTHOLIEHHH MPEBOCXO-

AAT kapbuam I rpynmsl.
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Bausrue recupyrowyux snemMenmos Ha MapmeHcUmHoe npespauierue

Jlerupyiompe 3jieMeHTH TJaBHHIM 00pa3oM BJHSIOT Ha [OJOXEHHE
TEMIepPaTypPHOro HHTepBaJja MapTEHCHTHOrO NpeBpalieHKs, a 3T0 B CBOIO
ouepelb OTpa)kaeTcsi H Ha KOJMYECTBE OCTATOYHOrO ayCTeHHTa, KOTOpoe
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Aezupyrouyud anemenm, ¥,

Puc. 284. BaWsaHRe NErHpPYOINAX 9JIEMEHTOB HA TeMNepaATYDPY MAPTEHCUTHOrO Npespa-
merns (d) ¥ KONRYECTBO OCTATORHOro aycrenura (6) scraag ¢ 1,0 % C

¢uKcupyercs B sakaseHHOA cranu. HexkoToprie SjqeMEHTH MOBHILAIOT
MapTEHCHTHYIO TOUKY H YMEHbILIAIOT KOJHYECTBO OCTATOYHOrO ayCTeHHTa
(amomunufi, xo6anbr), APYrHe He BJAHAIOT Ha Hee (KpeMHHR), HO 6OJb-
IUKHCTBO CHHXKAeT MAPTEHCHTHYIO TOYKY H YBEJIHUMBAeT KOJHYECTBO
ocTaTOuHOro aycrenura (puc. 284). Us auarpammet Buauo, uro 5 % Mn
CHHXaeT MapTeHCHTHYI0 Touky no 0 °C, ciepoBaTesbHO, NPH TaKOM
(anu GonbmeM cOREepPIKAHHH STOrO JIETHPYIOIIEro SJEMEeHTa) OXJaie-
HHEeM MOXHO SapHUKCHPOBATb AaYCTEHHTHOE COCTOSTHHE.
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‘TeMTIepaTypaL

To mmum MO npn mocrossmoit Temeparype T68° C mucior yecto yarmwrame
‘apespamess.

To mmm PSK mpn mocrommsol Temepamype 727° C maer serestomamoe
‘mpespamene, 2uTovaomescs » Tox, IO aycremm, colepxammi 0.8 % yracpom
‘TpeBpAmAETCR £ 3ETEXTORARY Ciech GEPPETA H NEMERTITa STOPHTHFD

o320 1)

Mo sexammy Tamioe npespamesmie TOSORE HA SETEKTINECKOS, HO POTERAT B
Teepaont cocrosmmn

‘Derertons crcrers ene — mevenTT mamaerca nepmrrost (I, corepiT 0.8 %
yraepoma.

Haamme monymn s To, TIO #A DOTPORMEEOM X GpOTPABIEEOM e
‘SaGmoTaeTeR nepTANYTPORSLk 76CK.

Tlepns sioser CymecTeoRars = sepricTo i ITACHIIATOR Gopye, B EHCANOCTH OF
‘eosmit ospasosass

Mo mmm PQ mewmmiercs SleleRme NeeNTNTA TpETNEOTO 2 (eppuTa,
ofyciosneRROe CHIACHEENM PACTEOPEMOCTH JTIRpOTa B QeppiTe TP HomEemmE
zemeparypat

Texmeparyps:, Mpi KOTOECE TPONCOZAT (IIORSE H CTPYSTYPENE NPESPATICHIZ B
CHmBax CHCTO\I 10 — EMRTHT, Te. SPUTHNECKNS TOEN, MMGOT YOToREE
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Bausnue secupyroujux S/eMeRmMo8 Ha NPEBPALEHUR NPU OmMnycKe

Jlerupymouue sjeMeHTH 3aMeAJsIOT MNpoliecc pacnaga MapTeHCHTA.
Hexkoropuie 3/leMeHTH, TaKHe KaK HHKeJNb HJH MapraHell, BJAHSAIOT He-
3HAYHTeNbHO, TOrAa KaK OoJbIUHHCTBO (XpoM, MoJauOAEeH, KpeMHHB
H Ap.) — BecbMa 3aMeTHO.

DTO CBSA3aHO C TeM, YTO NpoLecck MNPH OTNycKe HMeloT AH(PDY3HOHHBIA
Xapakrep H GOJBIIHHCTBO JIETHPYIOIUX 3JIEMEHTOB 3aMejJisier KapOun-
Hoe NpeBpallieHHe, B OCOGEHHOCTH Ha CTajHH KOaryJsiliuH.

Ha HavyasbHOM CTaguMH pacnafia MapTeHCHTa B JIECHPOBaHHHX CTaifX ofpasyercs
e-KapOHJ, HMeIOmMHUA TOT e cocTaB (IO JIETHPYIOIHM SjieMeHTaM), YTO ¥ MapTeHCHT (fo-
ka3ano C. 3. BokmrefinoM). Ha sToft cTagun oTnycka BAKSAHKE JIErHPYIOMINX SJIeMEHTOB
Ha pasynpouyHeHHe MapTeHCHTa HeBejauko. [Ipn Gosee BHCOKOA TeMnepaType MPOHCXOAUT
CPHIB KOT@€pPeHTHOCTH M npeBpalleHne &-KapOHfia B LeMEHTHT HJIH CllellHaJbHHA KapOuA.

a STOR CTajHM OTNYCKAa HACTynmaeT pasynpouHeHHe. DOJBIIMHCTBO JErHpylomHux sJie-
MEHTOB CMelllaeT STH NpOoLeCCH BBepX NO TeMnepaTypHo#l Ikasne.

s nonyuyeHuss OXMHAKOBHIX Pe3YJbTaTOB CTallb, JIETHPOBAHHYIO
TaKHMH 3J€MEHTaMH, KaK XpOMOM, MOJHGAEHOM, KPEMHHEM H AP., HYXKHO
HarpesaTh NPH OTNYCKe A0 6oJsiee BHCOKOMN TeMnepaTyphl HJIH YBeJHUHBATh
MPOAOJIIKUTENBHOCTD OTNYCKA MO CPaBHEHHIO C YIJEPOXMCTON CTaJbIo.
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1. Mexannyeckne cBoficTBa cTaH,
BAHSIHHE CTPYKTYPH H JIETHPYIOIHX 3JIEMEHTOB

Craab, NpUMeHsieMasi Jist H3FOTOBJIEHHS JeTaliefl MalllKH, CTPOHTENbHBIX
KOHCTPYKHHA H JAPYrHX COOpYXeHMH, AOMKHA o00ganaTh BLICOKHM
KOMIIJIEKCOM MeXaHHYEeCKHX CBOHCTB, a He BHICOKHM 3HaueHHeM Kakoro-
an6o opHOro cporictBa. MartepuaJs, MAYIMHA HAa H3roTOBJIEHHe JeTajei,
nojBepramlouuxcsa OOJMbUIUM HAarpyskamM, JHOOJKEH XOpOLIO CONPOTH-
BJAATbCS TAaKHM HarpyskaM H Hapsiiy C BHICOKOH NMPOYHOCTbIO o6Gsamath
BA3KOCTBIO, YTOOLI CONPOTUBMAATLCSH AUMHAMHYECKHM H YAapHHIM BoO3jefl-
crBusiM. [lpyrumMu ciaoBaMu, MaTepHan JHOJKeH o00jafaTh IIPOYHOCTHIO
H HaJeXHOCTbIO.

B nmeransix, HCNLITHIBAIOIIHX SHaKoNepeMeHHLIE HarpysKH, MeTal
JoJKeH o0safiaTh BBLICOKHM CONPOTHBJIEHHEM YCTaJIOCTH, a TpYuUlHecs
JAeTajlu — conmpoTHBJIeHHeM H3HOcY. Bo MHoOrux cayuasx Ttpebyercs
Xopolee CONPOTHB/EHHE KOPPO3UH, MOJA3YUECTH H APYTHM MOCTOSIHHLIM
BO3AEHCTBUSAM. DTO 3HAYHUT, YTO JAETaNH AOJNKHH OHTh AOJrOBEYHLIMH.

Takum o6pasoM, jperany® MaIUHH JAOMXKHH OHIThb H3rOTOBJIEHHI HS
IPOYHOro, HANEKHOro M JOJrOBEYHOro MaTepHaJna.

M3 Bcex u3BecTHHIX B TeXHHKE MaTepHAaJIOB Jyulllee coYeTaHHe Npoy-
HOCTH, HAaAEXHOCTH M JOJIOBEYHOCTH HMEeT CTajlb, NOSTOMY cTalb
ABJNSAETCS OCHOBHLIM MaTepHaJOM AJS H3rOTOBJIEHHSI OTBETCTBEHHHIX
H3IeJHH, NojABepramoluxcs OOJbIUUM HarpyskKam.

MexaHHyecKHe CBOACTBA CTa/IH 3aBUCAT OT €€ CTPYKTYPH H COCTaBa.
CoBMecTHOe BO3JeHcTBHEe TepMHUYeCKON o6pabOTKH M JerdipoBaHUs §B-
Asercsd S¢p¢peKTHUBHEIM CnocoOOM MOBHILIEHUSI MEXaHHYECKHX XapakTte-
PHCTHK CTaJl.

Ha MexaHunueckue XapaKTEPHCTHKH CTaJH BJAHSIOT H3MEHEHHE co-
JepKaHusl yrJaepojaa, JerupoBaHue, JAHUCNEpPrupoBaHHEe CTPYKTYPHHIX
COCTABJAIOIMIMX, H3MeJbyeHHE 3epHA, HakJjen. YnpouHeHHe OOHUYHO
BeleT K YMeHbUIIeHHIO BA3SKOCTH U NJACTHUYHOCTH.
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HanomuuM, 4T0: 05, 0p; — NpEfeJSb NPOYHOCTH H TEKYYECTH Xapak-
TepU3YIOT NPOYHOCTb; 8, P — OTHOCHTENbHBIE YIJMHEHUS H CYXKeHHe
XapaKTepH3YIOT NJAaCTHYHOCTb; a4y, 1gs — YAapHash BSI3KOCTb, MOpOr
XJIaAHOJIOMKOCTH (TeMIlepaTypa MOJYXPYNKOCTH) NOKa3LBAaIOT 3HAYEHHS
BASKOCTH H XapaKTepPH3YIOT HaleXXHOCTh KOHCTPYKIIMOHHOIO MaTepHaJna.

H3nococTolikocTb, KOPPO3HOHHAR CTOMKOCTb, BRHIHOCHAHBOCTb (YycTa-
JIOCTHAsi NMPOYHOCTD), JKAPOIMPOUHOCTh U HEKOTOPHIe APYrHe NoxKasaTesH
XapaKTepH3YyIOT JAOJTOBEeYHOCTb.

Crajab npeBOCXOAHUT APYrHe CHJaBH MO NPOYHOCTH, YycTynas IO
HEKOTOPLIM, OOLIYHO MeHee CYLIECTBEHHBIM, CBOHCTBAM KaK MJIOTHOCTD,
KOPPO3HOHHAs CTOHKOCTb, KOS(pPHIHEHT JUHEHHOro paclUIMpeHHs, AeMI-
¢upymomas cnoco6HOCTb; NMOSTOMY B NORABJASAIOLIEM YHCJIE Cly4daeB OHa
ABJSIETCS OCHOBHHIM KOHCTPYKIHOHHLIM MaTepHaJIoM.

[Tpu paspaboTke cOCTaBOB KOHCTPYKIHOHHHIX CTaljlefi H PeKHMOM HX
TepMUyecxoi 00paGOTKH HYXKHO paccMaTpHBaTh B IepBYIO ouepelb
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TaKHe crnocobni, NpH KOTOPBIX MJAacCTHYECKHe H BsI3KHE CBOfiCTBAa YMeHb-
IIAIOTCA B MHHHMAaJIbHOH CTeMeHH.

[Tpocroe yBenuuenue yriaepoma npu ¢eppHTO-NEPaHTHOR CTPYKTYpe
(HOpMasIN30BaHHOE COCTOSIHME) NPHBOAUT K TOBLILIEHHIO NPOYHOCTH
H nopora XJaxHOJOMKOCTH. MaKcHMaJ/bHasi NPOYHOCTh NPH TaKOM CTPYK-
Type COOTBETCTBYET colepxKaHuio yraepona npuMepruo 1 % C u gocturaer
Bcero auumb 1000 MIla, Torma kak nopor XJaZHOJOMKOCTH JIEXHT
Hixe 0 °C auub npH coaepkaHHH yriaepona He GoJsee 0,4 % *.

Takum o6pa3oMm, Mbl MOXKEM 3aKJIIOYHTh, YTO Npele]bHOE COfEPKAHHE
yriepoaa B TEPMHUECKH He YNPOYHEHHOH cTaju ¢ ¢eppHUTONEPIHTHOM
cTpykTypoii cocraBasier 0,4 %; npu 3ToM cranb GYIET HMETb Op =
= 600 MIla, Ty = —20 °C u apo5 = 600--700 xIIx/m2.

Ecau npeansaButh TpeOOBaHHS CBAPHBaeMOCTH, TO COAEpIKaHHe yrJe-
pora moaxHO OniTh cHHxeHOo 1o 0,2 % (Bo u3bexxanne oGpasoBaHHS
TPEllUH B CBapHOM IlIBE H ero OXpYnuHBaHHS); NPOUHOCTb (0p) MPH STOM
cHusutcs go ~ 350 M]a.

[TonyueHue RucCHepCHHIX CTPYKTYP B pe3yjabTare IepeoxXyaxKAeHHs
ayCTeHHTa BeAeT K HellpephBHOMY MOBEHIILIEHHIO TBEPLOCTH H NPOYHOCTH;
MaKCHMaJIbHYIO TBEPAOCTb (IIPOYHOCTb) HMeeT MapTEHCHTHasl CTPYKTYpa.
ITpu 0,4 %C MaprencuTHas CTPYKTypa uMeeT TBepaocTbh okoso 60 HRC
(650 HB), uto coorBercrByer npouHocTH nopsaaka 2200—2400 MITa **.
OxnHako BSI3KOCTh B 3TOM Cjiy4yae HEHONYCTHMO HH3Kasi, H JOJNXKHA OLITb
NOBHILIEHA OTIYCKOM, NMpaBja, 3a CYET CHHIKEHHS NMPOUYHOCTH.

HBo#inass 06pa6oTKa, NPH KOTOPOH OKOHYaTeNbHasi cTPYKTypa dop-
MHpPYeETCs He M3 ayCTeHHTa, a H3 MapTEHCUTA, T. €. IPUMeHeHHe 3aKaJKH
C MOCJERYIOMIHM OTINYCKOM MO3BOJISiET IWIHPOKO H3MEHSATb HNPOYHOCTHHIE
CBOMCTBA OT MaKCHMAJbHEIX, COOTBETCTBYIOUIMX 3aKajJleHHOMY COCTO-
fIHHIO, O MHHHMMAJIbHHIX, COOTBETCTBYIOLIHX OTOXXXEHHOMY, M BaXHO,
YTO NPH STOM IJIaCTHYECKHe M Bsi3KHe CBOMCTBa OKashiBaloTcs GoJlee
BBICOKHE, YeM NpH ofHHapHOH 06paboTKe (MPOAYKTH pacnajia ayCTeHUTA).

310 Harasado BuAHO u3 Taba. 30. Hanpumep, ecan o6pabaTeiBaTh
cTanb HJas mnoaydyeHus npeaesa npouHoctH 800 MIla, To okaxkercs,
YTO B cJjJyuae JBoiiHON oO0pabotrku (3akanka -+ ornyck) 6 = 26 %,
p =65 % u e, = 14001700 xIx/M% a B cnyuae oguHapHo#t (HOpMa-
ausauus) 6 = 14 %, v = 22 %, a, = 800—600 kIx/m°.

ST10 sABNAsieTcs Pe3yJAbTAaTOM pasHOro IMOJIOXKEHUS NOopora XJamHo-
JIOMKOCTH H MEHBILEro COAepIKaHHs BOJOKHA B H3jJoMe (A5 3aKajleHHOH
ctand ¥ otnymeHHoit B = 80 %, -ana nopmanusoBanHo#t B = 30 %).

[loBhilIEHHE NPH 3TOM KauecTBa cTajad (OTMEYyaeM — KagecTBa, a He
NPOYHOCTH) B pe3yJbTaTe JBOMHOH TepMHYeCKOH oO6paboTKH — 3aKalKn
M BBICOKOrO OTNYCKA — 3aCTaBJseT CYUTAThb INpPaBHJABLHLIM HasBaHHe
9TOro BHJAAa TepMHYECKON omnepalHyd — yayuileHueM (TOYHee TepMHue-
CKHM YJYULIEeHHEM).

Tem He MeHee BO3MOXKHOCTH TEPMHYECKOro YJAYyUllleHHS JRaJieKO He
6e3rpaHHYHEL.

® 3tH uudph COOTBETCTBYIOT CTalH OObIMHOMA YHCTOTH M pasMep sepHa Ny 5—8.
®® HcnuTande Ha pacTAXeHHe TaKUX TBepAosaKajeHHHX crajeft (58 HRC) naer
MeHbIIee SHaYeHHe NIPOYHOSTH, YeM 8jech yKasaHo (M3-3a npexkaeBpeMeHHOro XpynkKoro

paspyuiexnst).
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Ta6auuna 30. Mexanuueckue CBOMCTBA CTajH

Og. MIla Op. MIla 8, % v, % a,, wJix/m? n;efx";z;‘?ﬂf&,
ITocae 3akasku u omnycka
1600 1400 10 45 400—600 -+ 100
1400 1200 15 50 600—700 -+50
1200 1000 18 50 700—900 0
1000 850 21 55 1000—1200 —50
900 800 23 60 1200—1400 —100
800 700 23 65 1400—1700 —120
700 600 30 70 1800—2200 —100
Bes mepmuuecxold obpabomku (uasu odunaproll mepmudecxold o6pabomxu)
1000 600 6 15 100—200 -+-100
900 550 10 18 200—300 +-70
800 550 14 22 300—600 +50
700 450 18 30 500—1000 —20
600 400 22 40 800—1200 —40
500 350 30 55 1000—1500 —60

[ToBrIIEHHEe NMPOYHOCTH, 3a CUET CHHUIKEHHS TeMIepaTyphl OTHycKa
BEIeT K MOBHILIEHHIO OPOra XJagHOJOMKOCTH H, CJAefOBaTeNbHO, YMEHb-
[IeHHe AOJH BOJIOKHA B H3JIOME M YMeHblleHHe PaGoTHl PacnpoCTpaHeHH

TPELIHHHL.

M Bce xe NpoyHOCTb MOCJ]Ee BHICOKOTO OTNYCKAa, PaBHas Ha Oy ==
= ]1000—1200 MIla kaxercsi KOHCTPYKTOpaM HHOrjaa HeAOCTATOYHON.
HauGonee npocroft cnoco6 NOBHICHTh MPOYHOCTb — CHH3HTh TeMIepa-
Typy otnycka ~400 °C, uro noBuicuT npouHocTb g0 1400—1500 MI]a,
OAHAKo, HalexHocTb (paGoTa pacnpocTpaHeHHS TPELIMHB) CHH3HTCH
¢ 400—600 nmo 100—200 x[Ix/m%. IlosToMy npuMeHeHHas K OGHIUHBIM
MapKaM JiIerHPOBaHHOH cTajiu 06paboTKa Ha BLICOKYIO NPOYHOCTb (0p >
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Pnc. 287. 3aBucuMocTh paGoThH pacnpocrtpa-
HeHRst TPeUwHHH (NPH HOPMaJABLHOR Temnepa-
TYpe) OT MPOUYHOCTH CTaJH:

I — O6HYHOR HYHCTOTH, 2 — BBICOKOYHCTOR,
MEJIKOSEPHHCTOA

> 1200 MIJa) Tpe6yer BecbMa
OCTOPOXKHOro NOAXOAA.

BnpoueM cuuTaercs, u4ro Yypo-
BeHb a, = 200 kIx/M® nocratoueH
JJiss MHOTHX JleTajlell MalllHH, YTO
AONYCKaeT BO3MOXHOCTb IpHMEHe-
HUS1 OOBLIYHBLIX CTaJiel C MPOYHOCTHIO
1400 MIIa (nocne 3akajJk#H U HEBHI-
COKOro OTIYCKa).

PeanbHuii nyTh NOBHIEHHS Ha-
JI€XKHOCTH CTaJIH NPH BLICOKO#M Npoy-
HOCTH — 3TO COYEeTaHHE ee MEeJKO-
sepHucrocTH, Ne 10—12 3epHa (npu-
meHeHHe BTMO) u yMeHbieHue co-
HAepKaHHUsi BPeAHHIX npumecelt, O+
+ N < 200; P < 200 anm (uro go-
CTHI'aeTcs HCMNOJb3OBAaHHEM YHCTOH
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IIMXTH H BaKYYMHPOBaHHs). B 3ToM ciyyae npu 0, = 18002000 MI1a,
ap = 400600 x[x/m®. CkazaHHOe NMOATBEPXKAAIOT KPHBHIE, NpUBEAEH-
Hble Ha puc. 287. Ecan, Kak GBIIO YKa3aHO Bhlle, JOCTAaTOYHYIO HaZex-
HOCTb Cranu ofecrneuyuBaer 3Hauenue ap = 400 k/x/m? TO oOHa
6yner B OOLIYHOH YJY4YIIEHHOH CTalM INpPH NPOYHOCTH He GoJee
1200 MIla, a B BHICOKOYHCTOM MEJKO3EPHHCTOH CTalX MPH Npou-

Puc. 288. CrpykTtypa craad I18XH2M®A
nocsie SaKaJIKH ¥ BLICOKOrO OTNYCKA NPH pas-
NH4YHON HcXomHOR cTPyKType, X700:

a — MapTeHCHT, 6 — HUMHHR GeAHHT, 6 —
BepXxHHA GeRAHur

HoctH 2000 MITa. Orciopa cieayeT, 4YTO BHICOKHA KOMIMJEKC Mexa-
HHYECKHX CBONCTB CBOMCTBEH NPOAYKTaM OTNycKa MapTeHcuTa (HAH
GeiiHHTa, MNOCKOJABKY HEeT, KaK YKasaHO Bhllle, NPHHUIHNHAABHBIX
pasiauunit Mexny GeHHHTHHIM M H30TEPMHYECKHM MAapTEHCUTHHIM Npe-
BpalleHHeM); MOSTOMY HeoGXOQMMO NpH S8aKajKe AOGHBaTbCH CKBO3-
HO/i NMpOKaJHBaeMOCTH.

3zech BaxHO, 9TOGH NpPH 3aKajKe o6pa3oBajicsi He BEPXHHHA, a HHX-
Hufi Gefnut (cM. puc. 217), Tak Kak nocje ornycka Kap6uaHas dasa
HS HHKHero GefAHHTA KaK H WS MapTEHCHTa BhHIJEJNSETCS B BHAe fHcmepc-
HuX vacTHn (pHc. 288, a, 6), TorAa Kak NPH HCXOAHOA CTPYKTYpe BEpX-
Hero GefiHuTa KapGHAK NPH OTNYCKe NpHoGpeTaioT NaacTHHIAaTyIo hopMmy
(puc. 288, 6) u cBoficTBa OKa3LIBAIOTCS HEBLICOKHE.
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Bausinue JlerHpylomuXx SJeMEHTOB JBOSIKO: C ONHOH CTOPOHBI, OHH
yrayonsioT MPOKaJuBAEMOCTh H TEM CaMbIM CHHXKAIOT MoOpor XJaJgHo-
JIOMKOCTH, C JPYI'OH CTOPOHHEI, OHH, pPacTBOpASCH B peppHTE, NOBLILIAIOT
Nnopor XJaAHOJNIOMKOCTH.

[losToMy slerupoBaTh KOHCTPYKUHOHHBIE CTaJH HAaxo0 B Mepy, Koraa
npeBanupyer nepBuH (QakTop, HO KOrja NOCTHTHYTa CKBO3Has Npo-
KaJINBaeMOCTb, TOrAa INepBuHli JakTOp MNepecraeT AEHCTBOBATb M TaKoe
M30LITOYHOE JIerHpPOBAaHHE CTAHOBHTCA BpPeAHBIM (KpPaTKoe H3JIOXKEeHHe
TEOPHH INpeJleIbHOrO JIerHPOBaHHUS).

Hckaouenue cocraBisieT HUKeJb, KOTOPHIA [MOHHXKAeT NMOPOr XJaxHo-
JIOMKOCTH, XOTS [1pH MOJIHOCTBIO BA3KOM Pa3spyuUIeHHH, T. €. Bbllle [lopora
XJafHOJAOMKOCTH Ni Kak H gpyrue sjeMeHTH MOHHKAaeT MJAaCTHYHOCTb.

2. Tepmuueckass o0paGoTKa KOHCTPYKUHOHHBIX cTajed

B 3aBHCHMMOCTH OT YCJHOBHH 3KcnJayatalHH (OTBETCTBEHHOCTH JAeTaner)
JIETHPOBaHHBIE CTaJH NPUMEHSAIOTCA Iocje npocTeiiliero BHAA TepPMH-
yecko#t o6paboTku (HOpMasauM3aluH) HAH ABOHHOH TepMmHuecKoil obpa-
60TKH (3aKanKH -+ oTnyck). B 3aBucHMocTH or MapkH cranu (comepixa-
HHe yrjepojia, JErHpYIOLIHX 3JEMEHTOB) H peXHMa TepMHYecKoH
06paboTKH (YC/OBHI 3aKaJIOYHOTO OXJaXKAEHHS, TeMIepaTypHl OTIYCKa)
MOT'yT OBITh NOJIYY€HL! pa3Hble YPOBHH NPOYHOCTH, OTJIHYAIOLIHECH NPH-
6au3HTENBHO B ABa pasa l. [IpuMepHule MeXaHHYeCKHE CBOHCTBA B 3aBH-
CHMOCTH OT IIOJIYYEHHOro YPOBHS NPOYHOCTH NpuBeleHhl B Taba. 30.

Paszymeercsi, npuBefieHHble B Tabd. 30 uudpel OpPHEHTHPOBOUHLIE,
TaK KaK NJACTHYHOCTb H B 0COOEHHOCTH BSI3KOCTb 3aBHUCAT IIPU paBHOH
NPOYHOCTH OT MHOTHX (PAaKTOPOB — MapKH CTa/IH, PeXXHMa TepMHUYECKOH
o6paboTKH, pasmepa 3epHa, YHCTOTH H T. A., HO, I'JIaBHOE, OHA NOKAa3bl-
BaeT 60J/iee BLICOKHE NJACTHYHOCTb H BA3KOCTb TEPMOYJYUILEHHOH CTaJH,
BCJAeACTBHe OoJsiee HM3KOro 3HayeHHs nopora XJagHOJOMKOCTH.

Pexxum TepMmuyeckoii oOpabOTKH KOHCTPYKUHOHHHIX cTaJjefl omnpe-
JensieTcs rJaaBHbLIM 00pa3oM cofepKaHHeM Yrijepona.

KoHCTpYKIHOHHLIE CTAJIH MOABEpraloT ABOHHOH ynpouHsioumel Tep-
MHUeCKO# oO0paboTKe — 3aKajKe + OTHYCKY, NpHYEM CpeRHeyrJepo-
AHCThle — OOLIYHO BBLICOKOMY OTNYCKY (YJYUIIEHHIO), HHU3KOYIJIepOAH-
CThle — HHU3KOMY.

Pexxum 3axkanku onpegpensiercsi MOJOXXEHHEM KPHTHYECKHX TOYEK
H CNOCOOHOCTBIO ayCTeHHTA K IepeoXJaxKAeHHIO.

Harpep nox 3akanky npoBoAsiT, KaK NpaBHJO, A0 TeMIepaTypH,
HeaHauHTeabHO npepnimaromeit (Ha 30—50 °C) Touky Acg. Y GoabLIHH-
CTBA MAaPOK KOHCTPYKLHOHHBIX HHM3KOYIJEPOAHCTHIX CTajieldl 3Tta TeM-
nepatrypa cocraBiasier npumepHo 900 °C u y cpenHeyriepoOAHCTHIX —
850 °C.

HuskonerupoBaHnHele CTalH, KaK H yrJaepONHCTHIE, CJAELYET 3aKaJH-
BaTh B BoJe (M JIHIIb NPH MaJklX pasMepax — B Macje), TaK KakK Majas

! Ipyrumu cJ10BaMH, TepMHYecKass 06pa6oTKa MOXKET NMOBHICHTh [TPOUYHOCTb OTOXKIKEH-
HOA cTajH MaKCcHMYM B 2 pasa.
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YCTOHYHBOCTb I€PEOXJIaXKJEHHOr0 ayCTeHUTa B palioHe MNEPJHTHOrO
pacnaga (600 °C) 6picTpoe oXJaxkJeHHEe NPH 3aKaJKe.

YBesiMueHHEe COJEPXKAHHA JIETHPYIOUIMX 3JEeMEHTOB MNPHBOAUT, Kak
MBI 'Y2Ke 3HaeM, K YBEJHUYEHHIO YCTOHUYHBOCTH IlepeoXJiaXKJAeHHOro aycre-
HuTa. B KOHCTPpYKIHOHHBIX cCTajsiXx OGBIYHOIO COCTaBa COAepKaHHe
JIETHPYIOIIUX 3JIEMEHTOB TaKOBO, YTO CTAHOBHTCS BO3MOXHOH 3aKaJKa
B MacJjie. B HEKOTOPHIX C/y4asAX C HECKOJbKHMH JIETHPYIOMIHMH 3JIEMEH -
TaMH (HanpHMep, B XpOMOBOJIb)PaMOBBLIX HJIH XPOMOHHKEJILMOJHOAEHO-
BHIX CTa/IsiX) NepJUTHOe IpeBpauieHHe ayCTEHHTa HaCTOJNbKO 3aJlepKH-
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Puc. 289, BausinHe oTnycka Ha MexaHHYeCKHE CBOACTBAa XPOMOHHKesneBoH
cTanH:

a — HHSKoyraepogucTofl; 6 — cpeRHeyraepoaHcroht

BaeTcs, 4TO OXJaXKIeHHeM JeTajiei GONbLIMX pa3MepPoB Ha CIOKOHHOM
BO3/yXe NOCTHraeTcsl NnepeoxJakJeHHe ayCTeHHTAa A0 TeMIepaTyp Map-
TEHCHTHOrO NpeBpalleHH .

PaccmarpuBas ycnoBHsi, KOTopble HeOOXOAHUMO CO34aTh A OXJAaxkiae-
HHSs NPH 3aKaJKe JerHpoBaHHBIX KOHCTPYKLUHOHHEIX cTajiell, Mbl JOJIXKHBI
BCIIOMHHUTL ellle 06 ofHOH OCOOEHHOCTH KHHETHKH pachafa aycTeHHTa
CTanell, JIeTHPOBAHHLIX KapOHmooOpa3ywIUMH 3JjeMeHTaMH. B 3Tux
cTansiX (HU3KOYrJepoLHCTHIX) CKOPOCTh OEHHHUTHOrO IpeBpalleHHs NpH
300—400 °C oxkasbiBaercsi cyuiecTBeHHO 6GoJjiee BHICOKOH, YeM CKOpPOCTb
nepauTHoro pacmaga (500—600 °C) (cM. puc. 283).

B Buze o6Liero BLIBOJa Ba>KHO 3aMETHUTh, YTO Y JIETHPOBAHHBIX CTaJjel
MapTEHCHTHAsA CTPYKTYpa MoxeT OHiThb JOCTHrHYTa OoJiee MelJIEHHBIM
OXJIa)KIeHHeM, 4eM Y YIJIepOAHCThIX; OoJsiee MenJjleHHOe OXJa)KAeHHe
CO3ZaeT MeHblliHe BHYTPEHHHE HaNpsXKeHHsA, 4YTO fABAAETCA (PAKTOPOM,
NOBBIIAIOIIUM KOHCTPYKTHBHYIO NPOYHOCT.

3akajka CTaJd Ha MapTEHCHT — 3TO MNEpBHHA 3Tanm TepMHUYECKOH
00paboTKH KOHCTPYKHHOHHOH crand. Huskas nnactuyHocTh, 3HauH-
TeJbHble BHYTpPEHHHE HaNpsi)KeHHs He JAONYCKAIOT NpPHMEeHEHHUS KOH-
CTPYKLUHMOHHOH CTajlH TOJNbKO B 3aKajeHHoM cocrossHuu. HeobGxouum
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PaccmoTpum HekoTopnle Haubosiee paclnpocTpaHeHHble HH3KOYTIJepo-
AUCThIE CTAJH, NPUMEHseMble JJIs1 H3TOTOBJEHHS LIEMEHTYEMbIX LeTalleH.
Kak yxxe ykaseiBajocb, AJSl 3TOH LeJH NPHMEHSIOT CTalH C HH3KHM
comepxkanneM yraepona (0,1—0,25 %) ¢ TeM, uTo6GHl mocsie LEMEHTaLHH,
3aKaJIKH H HH3KOTrO OTIYyCKa MOJYYHTb TBepAblH NOBEPXHOCTHLIH CJIOH
M BA3KYH0 cepAUeBHHY. TBepIocTb NMOBEPXHOCTH nocje Takod o6paboTKH
6ymer okoao 60 HRC, a cepaueBuHH — nopszka 15-—30 HRC.




image96.png
B neransix u3 yraepoaucTofi cTajaH BCJAeACTBHe ee cjaGoft MpOKaJH-
BaeMOCTH BBICOKYIO TBEpAOCTb 10JiyyaeT JIHIUb NOBEPXHOCTHBIH LEMEH-
TOBaHHHHA CJIOA, a cepAleBHHA He YIPOYHSAETCH.

B nerupoBaHHLIX JXe CTajlAX YNPOYHEHHE CepALEBHHH NPH TEPMH-
yecKOH o6paboTke (8aKalKa -+ HuU3KHHA ornycK) Oyner Tem 6Gojee 3HaAYH-
TeJAbHBIM, 4YeM G6oJblie yraepoja H JIETHPYIOIIMX SJHEMEHTOB OHH CO-
JepiKar.

B cooTBeTCTBHH €O CKa3aHHLIM HEMEHTyeMble CTajJH CJAelyeTr pas-
JAeNATh Ha TPH IPYNNHL: YIJePOAHMCTHIE CTaJH C HEYNPOUHseMOH cepAue-
BHHON, HH3KOJIETHPOBaHHbLIE CTaJH €O cnabo yNpoOuHseMON cepAuLEeBHHOH
H OTHOCHTEJIbHO BLICOKOJIETHPDOBAaHHLIE CTa/llu C CepAUEBHHOH, CHJbHO
ynpouHsieMot npH TepMuueckoit ob6pabGorke. CTajnu mnocjaefHell rpynmnnl
Ha3LIBAIOT HWHOrJa BLICOKONPOYHLIMH IEeMEHTYEMBIMH cTaiasiMH. K HHM
clAeAyeT TaKXe OTHeCTH H CTaJli CO CPAaBHHMTENIbHO HEBLICOKHM COAEpiKa-
HHEM JIerHMPYIOIHX 3JIEMEHTOB, HO C IOBLIIIEHHBIM COAEPXKaHHEM YyrJjie-
poxa (0,26—0,30 %).
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OGosmauazporca Gyxsoil A (0T $PanUy3CEOTO arret — OCTAHOEXA):

Al — zmmma PSK (7270C) ~ npespamerme I1 63 A;

A2 s MO (7680C, 7. Kropn) — suarmmrese npezpamenr;

A3 — muma GOS ( mepeniemmar TeMTepaTypa, SRENCTINAR OT CoICPAAKES YTACPOTA B
cnnaze) - mpespamerme & 4 A;

A4 — mmms NI (nepestermnas TeMmepaTypa, SaEMCImaZ T CoTepRammA yTICpoza B
cnnaze) ~ npezpamerme A4 B();

Acm ~ s SE (nepesienmas TeMmepaTypa, SAEHCAIIAT OT COXePAVNA YTICPOE B
cntaze) ~ maato sezenemns nexemTa sTopIHoro (mroraa ofosmasactca A3).

Tax xax mpm marpeze I OVIARICHNN TpEEpAmENN COBPIOTCA MpH PANTHNEE
TeNTEPATYPEN. STOBE OTINTS T DpOmeCCH ES0RTICA ACHOTHNTETSHER OGCIATERIA
Tlpn marpese 206apmoT Syxey ¢, T.c A, Mpm oxaaemMI — SyEBY I, T2 Ay
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PasHaa crenenb YHpOUYHEHHS cepAUEBHHH NpPH TepMHYecko#t obpa-
GotrKe OObsICHSIETCA NOJIYYeHHEM Pa3HBIX CTPYKTYp BCJAEACTBHE pasiHYHi
B KHHETHKe pacnaja mnepeoxJaxAeHHOro aycreHura (puc. 292).

B  HenerHpoBaHHHX HH3KOYIJIEPORHCTHIX cTaiasix (HampHMep,
cranb 10) Buicryn C-o6pa3Hofi KpHBOfi HAaCTOJABKO CHBHHYT BJIEBO
(puc. 292, a), uto maxe NPH HHTEHCHBHOM OXJIaXXJACHHH B BOJE B CJOSX,
JeXamuX noj LeMEHTOBAHHLEIM CJIOEM, aYyCTEHHT He yAaeTcs IepeoxJia-
AMTHb JO HU3KUX TeMneparyp. [IpakTHuecKH BHe 3aBHCHMOCTH OT yCJIOBHH
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OXJIaXKAEHUS ayCTEHHT IMpeBpauiaercs B (GEPPHTO-NEPJUTHYIO CMECh.
Dra cTaab NOYTH He YNPOUHsIETCS NPH TepmMHueckoil oGpaloTke.
duarpaMMel H30TePMHUYECKOTrO paclaja aycTeHHTa B HH3KOYIJiepo-
AUCTHIX cJ1aboNerHPOBAHHBIX CTaJsIX XapaKTepH3yloTcsd CHJIbHO pas-
BUTOH  006sacThi0  NPOMEXYTOYHOTo, OEHHHTHOro  IpeBpalleHUs
(puc. 292, 6). IIpu 3akanke B Macje, eCJH MHTEHCHBHOCTb OXJIaXAEHHUS
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JIOCTaTOYHA AJIsi NOJYYEHHS BBLICOKON TBEpDAOCTH B INOBEPXHOCTHOM lie-
MEHTOBAHHOM cJIOe, TO CepJieBHHa nperepneBaeT OelHHTHOE NpeBpalLie-
HHe M 3aMeTHO YNpOuYHseTcs.

HaxkoHnel,, B BLICOKOJIETHPDOBAHHBIX LIEMEHTYEMBIX CTaJlsIX OXJaxfe-
HHA B Mac/jle H Ja)ke Ha BO3[yXe JOCTAaTOYHO JJIsI NOJYUYeHHUs B cepiie-
BUHE CTPYKTYp HUXHero OefiHMTAa HJM MapTeHCHTa (puc. 292, 8), uro
NPHBOAKHT K BeCbMa MHTEHCHBHOMY YNPOYHEHHIO.

JleneHue neMeHTyeMbIX CTajJielt HA TPH TPYINLI COOTBETCTBYET CTPYK-
Type, nojy4yaemoil B cepAueBHHE (IIPH OXJaxJeHHH B Macne) deppHTO-
nepJHTHON, OEHHHUTHOH HJIH MAapPTEHCHUTHOH.

B oTox:KeHHOM COCTOSSHHH CBOHCTBa BCeX cTajeil NMPHUMEPHO TakKHe
Xe, Kak y cranu 20 (BepXHss cTpouka B Tabj. 32) m ynpouyHAIOTCA
nocJie 3aKajJKH M HH3KOTO OTNYCKAa JO0 YPOBHA Yyka3aHHOro B Tabusuie.

Bonee HajexxHule H yCTOHYHBBIE K AHHAMHYECKHUM Harpy3Kam H3JesH A
CJIeAYEeT M3rOTOBJSATH M3 BhLICOKONPOUHBLIX IEMEHTYEeMBIX CTajied U MOA-
BepraTb HX I€MEHTAallMH Ha HeOoJbLYI TAYyOHHY.
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Yayumaemule craau copgepxkar 0,3—0,4 % C u pa3HOe KOJHYECTBO
JErHPYIOLUX 3JeMeHTOB (XpoM, HHKeab, MonubieH, BOJb(ppam, Mapra-
Hell, KpeMHHi1)) B cymme He 6Gonee 3—5 %, u uacro okosio 0,1 % wus-
MeJibyHTeNlel 3epHa (BaHajaul, THTaH, HHOOHH, LUDKOHHUMH).

O6rlyHas TepMHueckass o6paboTKa TaKHX Crajiedl — 8akajka B macie
M BHICOKHHt ornmyck (550—650 °C).

Yem Goabiie B CTadH JIETHPYIOUIMX 3JeMEHTOB, TeM OoJjbiie ee Mpo-
KaJIHBaeMOCTb.

[TockoMbKY MexaHHYecKHe CBOHCTBA CTaJH pasHBIX MapoK IOcie
YKa3aHHON TepMHuecko#t 00paGOTKH B cJydae CKBO3HOH NpOKajlHBa-
eMOCTH OJIM3KH, TO He MeXaHHYeCcKHe CBOMCTBa, a IPOKAaJHBAeMOCThb
onpeaesasier BLIOOp cTaNd AJA TOH HJHM HHOH Jerali.

Yem Gouabuie ceueHue getanH, teM OoJiee JIETMPOBAHHYIO CTallb CJie-
Ryetr BboiGHpaTh. Bo mn36exxaHue pa3BHTHSI OTNYCKHOH XPYNKOCTH, 4TO
ocoGeHHO OmacHO AN KPyNHBIX HeTaneli, KOTophle HEBO3MOXKHO OLICTPO
OXJNIaXKJAATh IPH OTNYCKe, CJHeLyeT HCIONb30BaThb CTaJH, COAepKaliHe
mosudaen (0,15—0,30 %).

CrnoxHble no KoHQurypaumuu JAeranu, ocoOeHHO ecid OHH nojBep-
raioTcsi yAapHBIM BO3JEHCTBHSAM, XKe€JaTeJbHO M3rOTaBJHBATh U3 CTaleH,
COAEPKAIHX HHKEJb.
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Kputepun npu BhiGOpe MapKH cTald KpPaTKoO MOryT ObiTh cdopmy-
JHPOBAHbLI TaK: a) BLIGOp MapKH CTanud (CTeneHH JierHPOBaHHOCTH)
onpelesseTcs pa3MmepoMm TepMHuecKH o6pabaThiBaeMOH 3aroToBKH; 6) ypo-
BeHb NPOYHOCTH ONpefejsieT TeMnepaTypy OTIyCKa; 2) HaJH4yHe KOH-
LIEHTPATOPOB HAaNpsiXKEHHH M JHHAMHUECKHX HAarpysok onpepenseT




image104.png
HeOGXOAMMOCTb JIETHPOBAHHsI SJEMEHTaMH, CHHMIKAIOIIHMH TeMnepatrypy
nepexofia B XpynKoe COCTOsSIHHe (HHKeJb) HJAH o6ycJOBJHBaeT HeoOXo-
AMMOCTb HMETb CTajib MOBBLILEHHOA H BBICOKOH YHCTOTHI.
JlerupoBaHHblE = KOHCTPYKUHOHHLIE CpeJHeyrJepOAUCTHE  CTalH
HMEIOT Mocje OTXKHra NPHONH3UTEJbHO OJHHAKOBYIO CTPYKTYpPY, CO-
crosiLyio u3 (epprta U nepiaura. B TepMuHuecku obpaGoTaHHOM cTajau
CTPYKTYpa COCTOHT H3 IPOAYKTOB pacnafa MapreHcHTa. DbdekT ynayu-
mIeHHsi, T. €. TNOBbILIEHHE MEXAaHHYEeCKHX CBOHCTB CTaJH Mocje ABOHHOMN
o6pa6orku, Habaiojaercs JHUWL [PH OTNYyCKe JO TeMmMneparyp, HpH
KOTOPBIX COXpaHseTCs OPHEHTAaUHs N0 MapTEeHCHTY. THNHYHHE CTPYK-
TYPH KOHCTPYKHHOHHOH yJyuliaeMOH CTajqM MOKa3aHH Ha puc. 293.
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B npeariaymux ABYX naparpadax OHJIH paccMOTpeHb! KOHCTPYKIIHOHHBIE
cTalH, TepMHYeckH obpabaTriBaeMuie Ha 05 = 1200—1300 MIla u crpyk-
TYPY — OTHNYIIEHHBIH MapTeHCUT (HH3KOYIJIepOAUCTas CTajb) HJH
copGHT (cpelHeyrjepofucTas CTaldb).

[Ipy Takoél cTpYKType M NPOYHOCTH cTakb obJjajjaeT BHICOKOH mnja-
CTHYHOCTDBIO H BSI3KOCTBIO H €€ MOXXHO NPUMEHATb IS JAeTanelfl CJOXKHOM
GOpMBI, MOJABEpraroIHUXcs JHHAMHYECKHM H YCTaJOCTHBIM HAarpyskam.

OnHako HOBedmass TeXHHKA cTaja NpeAbdB/asTh 6ojiee BLICOKHE
TpeGOBaHHUSA K IPOYHOCTH; AN psiia Ha3HaueHHH Tpebyercs MaTepuan
¢ npoyHocTbio 1800—2000 MIIa u Gosee, mpuyeM yCJaOBHS PaGoOThl H KOH-
durypauus Aeransu (Hanpumep, JHUCT) NO3BOJSIOT UMETb 6osiee HH3KYIO
JIaCTHYHOCTb M BSI3KOCTb 10 CPAaBHEHHI0O ¢ OOBIYHOH YyJayuinaeMow
cTajblo. BLicOKas NpoyHOCTh AOCTHraeTcsi NOJGOPOM CTaMH MU crnenHH-
yecKOlH oOpabGotkoi. Takue cranu, oO6paGoTaHHHIE Ha BHICOKYIO Npoy-
HocTh (0p > 1500 MIla), HaswBaloTCSi BHLICOKONPOYHLIMH CTaJsAMH.

K TakuMm cransiM IpexJe Bcero cjleAyeT OTHECTH cTalH OOHYHOro
COCTaBa, HO MeJIKO3epHHCThIE W BLICOKOUHMCThIE. B 3TOM cayuae 3akanika
c ornyckoM npu 200 °C npu npouHoctu 1800—2000 MIIa obGecneunBaet
YAOBJIETBOPHUTEJNbHYIO MJIACTHYHOCTb H BA3KOCTb (CM. I. | 3TOH riaBhi).
Ho ectp u HekoTOophie npyrue crnocobwl NOJYyYeHHs YAOBJAETBOPHTENbHON
BSI3KOCTH TPH BBLICOKOH INPOYHOCTH.

Jlerupylomue 3sjnemMeHTh, U 0cobeHHO KapOupoobpasylomue Jerupy-
IOIHe JEeMEeHTh, 3aJePKHUBAIOT NPOLECCH Pa3yNnpOuHeHHs IPH OTIYCKe.
Eciu KOHCTPYKUHMOHHAsi cTallb ¢ OOBIYHBIM COAEPXKAaHHEM YrJyepojaa
(oxosio 0,3 %) comepKHUT NOBBINIEHHOE KOJHUYECTBO KapOHa006pa3yIolHX
anemeHTOB (XpoM, MOJNHOAeH, BoJbdpaM, B oCOGEHHOCTH, BaHaAHMH), TO
TBEPJAOCTh ee He CHHXKaeTcsi JO BLICOKMX TemmepaTryp ornycka (500—
550 °C, puc. 294). Ecam Bmecto ornycka 200 °C Ha MakCHMaJbHYIO
NMPOYHOCTh NpHMeHHTH oTHyck 500 °C, To npu sroM B OGosbuiedl Mepe
CHHMYTCSl 3aKaJIOUHble HANpPSKEHHS H MOXHO OXHJaTh OoJIbIIER BSAS3-
KOCTH.
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[Towuxkenue mnopora XJaRAHOJOMKOCTH H YBeJHUYEHHE COREpKAHHA
BoJIOKHA (%) B M370M€ NPHBOAUT K TNOBBILIEHHIO MEXaHUUYECKHX CBOHCTB.
Hau6onee npocteiM pemeHHeM BOMpoca sBJsieTCs] BBeJEHHE B CTajb
HHKSNs1 — 3JIEMEHTa, I[OHHIKAIoIlero TeMnepaTypy nepexona B XJajHO-
JIOMKOE COCTOSIHHE M MO3TOMY YBEJIHUYHBAIOL(Ero JOJI0 BOJIOKHA B H3JOME
B BHICOKOTIPOUHOH CTajiu. B CBfA3M C 3THM YJyuIIalOTCsl Bs3KHE CBOHCTBA,
ORHAKO B OOLIYHLIX CTalsiX HEeJb3sl YBEJIHUHTb COLEpKaHHE HHKeS
cBoimie 4 %, TaK KAk MOSIBJASETCS OCTATOYHBIH ayCTEHHT (MMEIOWHH
MOHHXEHHYIO IPOUHOCTb, a NPOAYKTHl €ro pacnaja NOHHXKEHHYIO B#3
KOCTb),  IIOHHXKaeTcs  TOU-
kKa Ac, U Henb3ss [MPOBECTH 270
BLICOKHH ornyck. Pemenue |
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3aflaid NpPHMEHEeHHS BLICOKOHUKEJIEBOA CTajJH COCTOSJI0O B OJHO-
BPEMEHHOM JIerHPOBaHHH CTajdH HHKeseM u KoOaabroM. KoGajabT mno-
BBIIIAET MAPTEHCHTHYIO TOUKY (pHc. 295) M yMeHblaeT NMOSTOMY KOJH-
YeCTBO OCTATOYHOro aycreHura. ORHOBpeMeHHO Ko00aJbT NOBHILIAET
TOYKYy Ac, U NO3BOJIsSIET [IPOBECTH ONepauuio BHICOKOTO OTIyCKa.
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Tot ke nyTh noBLIIEHHs BA3KOCTH, T. €. CHHXKEHHS NoOpora XJjalHo-
JIOMKOCTH JOCTHIraeTCH He TOJBKO JerHPOBaHHEM HHKeJeM, HO H HCIOJb-
3oBaHHeM Mmenakoro (Ne 8—10) u yabrpamenkoro (Ne 11—13) sepHna.
HsMenbueHHe 3epHa, KaK YKasblBajocCh Bbillle, NPUBOAHT K CHHXKEHHIO
nopora XJgaAHOJOMKOCTH H, CJleA0BaTeJbHO, K yYBEJHUYEHHIO NOJIH BOJIOKHA
B H3JOMe cTajd. H3MeJbuuTb 3epHO BO3MOXHO, MPHMEHSIsT BBICOKHE
CKOPOCTH HarpeBa, HJH BHICOKOTEMIEPAaTYPHOHl TepMOMeXaHHYECKOH
o6paboTkoii, GUKCHPYR 3aKaJdKOH COCTOSIHHEe OKOHYaHHs CTaJHH PEKDPH-
cTaasu3anud o06paGoTKH, HO MO0 Haualna coOMpaTeJbHOH pEeKpHCTal-
JIU3aLHH.
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B Hacrosimee BpeMsi cBapKy WIHPOKO NPHMEHSIOT B XKHJHIIHOM H IIPO-
MBIILVIEHHOM CTPOMTEJbCTBE, MOCTOCTPDOEHHH, CTPOHTENbCTBE Traso- H
He(TEIPOBOLOB M BO MHOT'HX oTpacisix TeXHHKH. KpynHorabGapHTHBIE
cTalbHble H3JeJIHs, KaK NPaBHJO, M3rOTaBJIHBAIOT CBADHBIMH. B cBsA3M
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C 3THM CBapHBAaeMOCTb CTaJIH — OAHO H3 IJIaBHBIX €€ TEeXHOJIOrHYECKH>
CBOHCTB. Brhlme GblIM PacCMOTPEHBI KOHCTPYKUHOHHBIE (LEMEHTYEMbI
M yJydiiaemble) BHICOKOINPOYHbIE CTaNH. [eTanH MamHH, KOTOPHIE HS
HHX H3roTaBJHBalOT, OOLIYHO He MOABEPralioT cBapke.

[Ipyu cBapke AOJIXKHO 0Jy4aThbCs IJIOTHOE M PABHONPOYHOE C OCTaNb
HbIM u3fiesiveM coeavHeHHe. OcHOBHOH BHJ CBapKH — CBapKa IJIaBJie
HHeM, [PH KOTODPOH HaNJaBJsIeTCH LIOB XUJAKOrO MeTajsia M noj pef
CTBHEM €ro TeMmIepaTyphl HarpeBaeTcsi OKOJIOHNIOBHas 30Ha. B cBapHOM
HiBe cjgefyeT pasjuyarb TPH 30HbI (puc. 298): I — woB (nuTas cTpyk

typa); Il — okoJsomoBHas 30Ha

Harperasi B NPOLEecce CBAPKH CBBILLIE

v { \ KpuTHueckUX touyek; III — oxkouo-
7

IOBHasi 30Ha, Harpetass B Ipoliecce
CBAPKH HHXKE KPHTHYECKHX TOUEK.

=211y JIna 1eNOCTHOCTH, H, CJIELOBATENbHO,
AJiS1 MPOYHOCTH CBAPHOrO COEAHHEHHSA mnpe-
ft XJe BCero OnacHh TpemHHbl, KOTOPLIE
— |y MOTyT 0GpasoBbLIBATLCSA H3-38 TI'PaARHEHTE
T4 TEMNepaTyp H BOSHHKIIHX B pe3yJbTaTe
: 9TOTO0 BHYTPEHHHX HamnpsKeHHH.
: N CpapouHble TpEIHHH JREJATCA HA JBe
' ' KaTeropHH — ropsiune H xosonxue. IlepBhie
Puc. 298. Cxema cBaprROro coeguHcRAA BOSHHKAIOT IVIaBHEIM 06pa3oM B CaMOM ILIBe

B MOMEHT €ro KpHCTa/JIH3aLHH, KOrAa IIOE
HaXOAUTCA B MOJNIyTBEepAOM COCTOSSHHH (KpHCTaMIH -}~ XKHAKOCTb) H obnajaer eme MaJjaof
npouHocTbio. UeM foubiue 6GyfieT METANI HAXOAUTHLCSA B TAKOM COCTOSHMH (KPHCTaJIH -
<+ xHAKOCTb), TeM GoJiblie OMacCHOCTh BO3HHKHOBEHHS TOPAYHX TPEIMHH MPH NpPOYHX
PaBHBIX YCIOBHsiX. DJIeMEHTHl, paclIHpAIONIHe HHTEpBaJ MeXIy JAHHHSAMH JHKBHAYC H
COMINZYC, MOBHINAIOT YyBCTBHTENBHOCTbh K TFOpSUMM TPEIIHHAM.

I7epox OKasnBaeT HebJaronpHATHOe BJAHsSHHe, TaK KaK OH pacIHpseT HHTePBa
KPHCTaJJIH3aUHH H TeM caMhIM CnocoGCTBYeT 06pa3oBaHuIO FOPSAYHX TPEIIHH.

XoJsioaHHe TpeIHHE BO3HHKAIOT B pe3yJbTaTe MapTeHCHTHOro npeBpamenus. [lo-
STOMY JIeTHpYIOIHe 3JeMEeHTH, CIOCOGCTBYIOHE NepeoxJaXKAeHHIO ayCTeHHTa A0 TeMIle-
paTypH MapTeHCHTHOTO npeBpalleHHA B 30HaX, HarpeThiX BHIIE KPUTHYECKON TOUKH, CNO-
cOGCTBYIOT O6pa30BaHHIO XOJNOLHHIX TPemMH. YTIJepoA yBeaHuuBaeT ofbeMHLIl sddext
MapTEHCHTHOrO NpeBpalleHHs H NOSTOMY YCHJHBaeT CKJIOHHOCTb CTaJH K 00pasOBaHHIO
XOJIOAHLIX TPEeLLEH.

Hcxona H3 ckasaHHOrO, conegmanne yrJepoia OSLIYHO JHMHTHDPYIOT OnpenesieHHhbM
3HayeHHeM nmopsifka He Gosee 0,22—0,25 9. Uem HHTeHCHBHee CBapka, TeM GoJjiee pe3Ko
U3MeHsIeTCs TeMnepaTrypa, TeM GoJblue Mo 3HaKy BOSHHKAIOT HanpsKeHHs, TeM MeHbllee
COfepIKaHHe yrjepofia MOXXHO HOMYyCTHTb B CTallH,

OtiuunMe CBapHOro mBa OT OCHOBHOIO MeTa/ljla 3aK/io4yaeTcss He
TOJILKO B TOM, UTO B LUBE CTPYKTYypa JIHTasi, a B OCHOBHOM MeTaJlie OOBIYHO
nrebopMHpPOBaHHAs, HO U B CaMOM cocTaBe Mmetasja. [IpHMeHsA pasiHy-
Hble O6Ma3KH 3JEKTPOJOB H PAasjMYHYIO IO COCTaBY 3JEKTPOAHYIO NPO-
BOJIOKY, MOXXHO COOTBETCTBYIOLIHM JIETHPOBaHHEM CMSIFYHUTb HJIH yCTpa-
HUTb HeOJaronpUATHHH L NPOYHOCTH (PAKTOp, KAKHM SIBIASIETCH JHTas
CTPYKTYpa wIBa.
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Pa3 ectb peanbHpie cnocoOrl, TO MOXKHO CO3AaTh 1IOB, paBHONPOYHBIA
C OCHOBHbLIM MeTa/JIOM. [IpHHUHNKHANBLHO HHOE MOJIOXKEeHHe OKOJIOLIOBHOM
30HH. COCTaB OKOJIOIIOBHON 30HBI NPH CBapKe He H3MEHseTcsi, HO Me-
HAETCA M He B JyUWIYIO CTOPOHY ee CTpoeHHe. Peaklis OCHOBHOTO Me-
TaJjia Ha TePMHYECKHH LHUKJ CBADKH H XapaKTEepH3YyeT B MePBYIO ouepe/b
CBapHBaeMOCTbh METaJJa.
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Ecnun npousBefieHa cBapka IJiaBJeHHEM, TO CBapHO# MIOB (CM.
puc. 298) Gbl1 pacnJjiaBjeH M, CleJOBaTeNbHO, Ha IPaHHIE MEXAY UIBOM
H OCHOBHLIM Meranjom (30Hb I u II) TeMneparypa paBHsJsach Temnepa-
TYpe COJIHAYyCa, a 3aTeM CHHXKajaChb KaK NOKa3aHO CNJOWHOH KPHBOH
H, clefoBaTtesibHO, 30HA 1] Oblma Harpera Bblie KPHTHYECKOH TOUKH Ac,,
a 3oHa [II — Huxe.

Hro e npousoizer, ecJH Mbl CBapuMm HH3KoyrJjepoguctywo (C <
< 0,2 %) HenerupoBaHHyio cTanb? [IpakKTHYeCKH HHYEro CYLIeCTBEH-
HOro, HECKOJIbKO BbLIDACTHT 3epHO B 30He II, HO CTPpyKTypa ocraHercd
(eppPHTO-NIEPJIHTHOH.

Eciu  cBapuBaTh JerHpoOBaHHyl0 Ccrajb, TO B 30He Il npo-
H30HAeT 3aKalika, [MOJYyYeHHbIH KPYMNHOMUIOJbYATHI#  MapTeHCHT
XpynkHi.

Ecau cBapuBarb TepMHuecKH 006paboTaHHYIO JerHpPOBaHHYIO CTalb,
TO KpoMe CKa3aHHOI'o Bblille, NEPeoTHYCTHTCA W Metann B 3oHe [l
YTO NOBEJET K CHHXKEHHUIO ero npoyHocTH. UToOb! HCNpaBUThL 3TH Hebsaro-
NPHATHbLIE BO3AEHCTBHS NPH cBapke, CJelyeT CBapHble H3JeJHs nojBepr-
HYTb TepMoQ6paboTke (OTNYCKY MAJSI CHSITHS HanpsiKeHHH W HOPMaJIu-
3allMH; 3aKalKa + OTNYCK [MOJIHOCTbIO BOCCTAHABJHBAET CTPYKTYPY),
YTO H3-32 OOJBILMX pa3MepoOB CBapHBIX H3JeJHH BecbMa 3aTpyAHH-
TeJIbHO.

Ecau He npou3BOAauTh TNochepymooueii TepmMHuecKod o6paboTku (3a-
KaJKH C OTIYCKOM), TO IPH CBapKe NPOCTBHIX YIJIEPOAMCTBHIX CTaJiel He-
3aBHCHMO OT HCXOJHOH NPOYHOCTH B 30HE€ MAKCHMallbHOro pa3ynpoyHe-
Hus npenen npounoctH mnagaetr o 500—600 MIla, a B cranasix, cne-
HHAJILHO JIETHPOBAHHBIX 3JIeMEHTaMH, IIpefies] TPOYHOCTH B 30HE
MaKCHMaJIbHOTO pa3ynpouHeHHs coXpaHsercsa Ha ypoBHe 800—900 MI]a.
IDTH UHPPH — MAKCHMaJbHHE 3HAYeHUS NPOYHOCTH MJISI CBAapPHBAEMBIX
cTaJgJel.
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CrpouTesibHas CTajb NpefHa3HauyaeTcsl AJisl H3rOTOBJEHHS CTPOUTENbHBIX
KOHCTPYKUHH — MOCTOB, ra3o- U HedTenpoBoJoB, ¢epM, KOTJOB U T. A.
Bce crpouTesnbHble KOHCTPYKLHH, KaK NpaBHJIO, SIBJSIOTCS CBapHbBIMH,
H CBapHBaeMOCTb — OJJHO M3 OCHOBHBIX CBOKCTB CTPOHTEJbHOH CTaJu.
[IosToMy B COOTBeTCTBHH €O CKa3aHHbBIM B NpeiblAyLieM naparpage
CTPOMTeJbHAsl CTajb — 3TO HH3KOyrJepoaucras crajap ¢ C < 0,22—
0,25 9% . IloBblieHHE NPOUYHOCTH MAOCTHraercsl JierHpoBaHHeM OObIYHO
flellleBLIMH 3JIeMEHTaMH — MapraHueM H KpeMHHeM. B 3ToM cayuae cranib
Ha3blBalOT HU3KOJIeTrHPOBaHHOH. IIpu HH3KOM COZepxKaHHH YrJepoja
npefen TekydectH Bo3pacraer jgo 400—450 MIla (npenen NpoYHOCTH
po 500—600 MIla), a npu HcnoAb30BaHUM TepMHUYECKOH 06paboTKH
H BhILIE.
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Takum o6pa3oM, cienyer NpHMEHSITh A5 HECBapHBaeMbIX KOHCTPYK-
UMH (MM CBapUBaeMblX HEOTBETCTBEHHBIX KOHCTPYKLHH) — KHMSILYIO
CTajb, JJIsSI CBADHBIX PaCYETHbIX KOHCTPYKUHH — IOJYCIIOKOMHYIO HJIH
CNIOKOAHYI0O cTaib. [Ij11 OTBETCTBEHHHIX KOHCTPYKIHH, a TaKxe 14
COODY2KEHHH, paboTalomHX B YCJOBHSIX HH3KHX TeMIieparyp %, caenyer
NPHUMEHATh HOPMAaJH30BAHHYIO HJH TEPMHUECKH YJYUHMIEHHYIO CTaJib 3.

[TockosnbKy TepMHuecKol o6paGoTko# (3akanika + ornyck 600 °C)
HEeBO3MOXXHO 3HAUYHTEJBbHO HOBBLICHTh NpPOYHOCTHhIe cBoiicTBa CT3 *, TO
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B TeX cAyyasix, Korja HeoO6XOoIHMO
MMeTb 6oJiee BLICOKHH Npefes TEKy-
YyecTH, INPHUMEHSAIOT JierHpOBaHHLIE
CTaJH. DTH cTaJHd OOBLIYHO Ha3kIBaIOT
HH3KOJIETHPOBAHHbIMH, HJIH CTPOH-
TeJbHbIMH CTaJAsIMH TOBBIIIEHHOMN
NpOYHOCTH. B oOTJHUHE OT KOH-
CTPYKLUHOHHBLIX JIETHPOBAaHHHIX CTa-
JIeH, CTPoHTeJbHbIE CTaJlH MNOBHI-
IIEHHOH NMPOYHOCTH y norpebutenet
He MOABEpPralTcs TepPMHUYecKo# o6-
paboTke, T. €. CTPYKTYpPa u cyxeb-
Hble XapakTepUCTHKH (OPMHPYIOTCH
IIpH IPOH3BOACTBE CTajeH.
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[IpuBefeHHbIE CTaNH He OueHb pasJMYyalOTCA [0 COCTaBY: BCE OHH
HMEIOT HU3KOoe cofiepxkanue yraeposa (<0,22 % C) u B xauecTBe OCHOB-
HOro Jierupyiougero sjemenra — wmapranen (1—1,5 %), mostomy wu
CBOHCTBa HMX JOBOJIbHO OsM3KH (05 & 500 MIla, g, &~ 350 MIIa, C <
< 0,22 %). CrpykTypa Bcex crajedl nepJut -+ ¢eppHr.

[Io HaneXHOCTH M II0JIOXKEHHIO TIopora XJaJHOJOMKOCTH OHH OJIH3KH
K criokOHHO#H cTtanu Mapku Ct3. CranM c noBbllIEHHLIM COAEPIKAHHEM
KPEMHHsI B 3TOM OTHOUIEHHH YCTYMAIOT CTa/lsIM, HE YNPOUHEHHLIM KpeM-
HHEM.

Tepmuyeckass o6paGoTka cnoco6CTByeT CHHXKEHHIO NOpora XJaamHo-
JIOMKOCTH, H BJIMSieT Ha 3TO CBOHCTBO HH3KOJIETHPOBAHHBIX CTaJeH NMpPH-
MEPHO TaK e, KaK U Ha cBOHCTBA yrIJyiepoaucToi ctanu Mapku Cr3.
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CrnepmoBaresibHO, COCTaB CTaJi M TEXHOJOrHS KOHTPOJHpPYyeMO# mpo-
KaTKH ofecrneynBaloT IMOJYYe€HHE MeJKOro 3epHa M IHCIEPCHOHHOrO
TBepJeHUs. Komnsaekc cBOHCTB OMH30K K TOMYy, KakOH MOJyuaeTcsl NpH
TEePMHYECKOM YJIYYIIeHHH, OAHAKO KOHTPOJHpPYeMOH IIPOKATKOH 3TO
jgocturaercs OoJiee MPOCTHIMH CPENCTBaMH.

Bo Bcex cayuasx (xpome TepMHYECKOro YJYy4YIIEHHs) CTPYKTypa
CTalli CTPOHTENbHOH (HH3KOJIErHPOBaHHOH) (eppPUT - MEpJHT, OAHAKO
OoHa cymwecrBeHHo pasnuyHa (puc. 300). Ilocne npokaTkH cradb
MMeeT JOBOJIbHO rpyO0yio ¢eppHTO-NepauTHYIO cTPYKTYpPY (puc. 300, a),
pe3koe  u3MeJbyeHHe ee  HabiofaeTcss  NpH  HOPMaJIH3aLHH
(puc. 300, 6) H TEKCTYpPOBaHHOCTL — IOC/]€ KOHTPOJHpyeMmO#t mpo-
katkd (puc. 300, 8).
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Pa6oTa npyxHH, peccop M TOMy NOAOOHHIX JeTanell XapakTepH3yeTcs
TEM, YTO B HHX HCNOJIb3YIOT TOJNBKO YNpyrue cBoicTBa craqau. BoJbmas
CyMMapHasi BelHYHHa ynpyrofi AepopMauHy NpyxHUHB (peccopul U T. A.)
onpejensieTcss ee KOHCTPYyKuHel — 4HC/IOM H AHaMeTPOM BHTKOB, NJHHOH
Npy>KHHbl. [I0CKOJIbKY BOSHHKHOBEHHE IJ1aCTHYECKOH JedopMauHy B Npy-
XKHHaX He AONYCKaeTcsl, TO OT Marepuasja noAOOHLIX H3JeJUH He Tpe-
Gyercsi BRICOKOH yHapHO# BSI3KOCTH M BHICOKOH MJacTHYHOCTH. ['n1aBHOe

Tpe6OBaHHE COCTOHT B TOM, UTOOH cTajb
HMeJa BHICOKHH Npejies1 ynpyrocti (Tekyue-
CTH). DTO AOCTHraeTcsi 3aKaJdKOH ¢ nocjaeny-
IOLHM OTIYCKOM INpH TeMneparype B paHo-
e 300—400°C (puc. 301). Ilpu Tako#t Tem-
nepatype OTIycKa npefes  YNpyroctH
(TeKyuecTH) mnoJayyaer Hau6oJsee BLICOKOE
SsHauyeHHe, a ToO, YTO 3Ta TeMmmneparypa
J&XXHT B HHTepBaje pasBHUTHS OTNYCKHOH
XxpynkocTd I poma, B CHJly OTMEYEHHOro
Bhille OOCTOsiTENbCTBA He HMeeT 6OJbILIOrO
SHauYeHHS.

[IpyxHHE, peccopnl H MNOJOOHHIE HM
AeTalH M3roTaBJHMBAIOT H3 KOHCTPYKIHOH-
HBIX CcTaJjed C [OBHIUEGHHHIM COJAEpIKa-
HHeM yrJaepoja (Ho, KaK NpaBuJO, Bce Xe
Gonee HHU3SKHM, YeM Yy HHCTPYMEHTAJbHHIX
cranefl) — npuHOMH3HTENbHO B MNpejeiax
0,6—0,7% C, uwacro c¢ po6aBkaMH Map-

cdﬂl;CMJﬂ ——

I
|

Joo-400°c —
Temnepainypa omnycena,’C

Puc. 8301. Usmenenue  mexanye
geCKHX CBoficTB CTasiH B SaBHCH-
MOCTH OT TeMnepaTypsl OTNycka

raina ¥ KpeMHHA. Jlasg 0co6o0 OTBETCTBEHHHIX NPYXHH NPHMEHSAIOT
cranb 50X, comepxkallylo XpoM M BaHafuii K objagamouiyio Han6ojiee

BRICOKUMH YIPYTrHMH CBOHCTBaMH.
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TlomseprazoTcs B031eCTEMIO BHICOKIX HATPYIOK MEPEMESHOTO XapakTepa. OCHOBHENT
TPEGOBARMAMH FBITOTCE BHCOKA® MPOYHOCTS H H3HOCOCTOMKOCTS, BEICOKIR mperet
BSIHOCTHBOCTH, OTCYTCTSHE KOHHEHTPATOPOS HATDEACHHH, HEMTATTHIECKHX BKTOTCHME,
‘ROTOCTeH, THKBALHH.

TllapHKOMOTIIHIHAKOSSIe CTATH XADAKTEPH3YIOTCE BHICOKHM COTEPAARHMEN YITepoa
(ox010 1 %) 1 Bamirmens xposa (IITX9, IX15).

BEICOKOE COTePAARME YTIEPOTa M XPOMA TIOCTE 3AKATKH OGECTESHBAET CTPYKTYPY
MAPTEHCHT ITOC KApOHTH, BHCOKOR TBEPIOCTH, H3HOCOCTORKOCTH, HEOGKOTHMORH
TPOKATHBACMOCTH.
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Tatsmefimee  yBeTidemHe TPOKATHSAEMOCTH  JOCTHIACTC  TOTOTHHTETSHENM
ernposasmes Maprasmen, xpessmen (IIX15CT).

Tossumesnt TpeGosainz B orsomesmn wicToTst 1 passosepuofTH pacTpeseennz
KapOUI08s, B IPOTHBHOM CTyMaE MOKET MPOMONTH BHKpAmmMEaHHe. CTATH MOTBEPraioTcs
CTPOTOMY METATTYPIHTecKOMY KOHTDOTIO Ha HATHNHE MOPHCTOCTH, HEMETATTHYECKHX
BKTIOYeHRH, KAPGHIOM CETRH, KApOMIHOH THKSAIIA.

Tephirteckas 0GpaGoTKa BKTOTAET OTAHT, JAKATKY K OTNCK. OTAHT IPOSOIAT MocTe
KOBKI 1% CHITKEHHS TEEPIOCTH  TOITOTOBKH CTPYKTYPS! K 3aKaTxe. TeMTIepaTypa 3aKats
cocrasseT 790...880 °C B 3ABHCHMOCTH OT MACCHBEOCTH TeTaTeli. OXTAKIRHE — B MacTe
(x0T51a, POTHKN), B BOTHOM PACTEOPe COTB! M Comit (mapiky). OTIYCK CTATH MPOBOTAT
mpx Texmepatype 150...170°C 5 Tewerne 1.2 wacos. OecHeTHBACTCE TePIOCTS 62...66
HRC.

U3 crami IIIX9 H3rOTABTHBAIOT MAPHKH  POTHKN HeGOTSMINX PAsMEpOB, H3 CTATH
1UIX15 -~ Gomee xpymsste.

JleTami NOIMHIHAKOS KAYEHNS, HCMHTHSAIMHE GOTSMIME THHAMHTECKHe HATPYIKI
(TOTIMMEMKN NpPOKATEEIX CTAHOE), MIOTABTHEAIOT M3 cTaleli 20X2H4A m ISXIT c
moCTexyIome# rIYGOKOR MeMenTAMER Ha rIyOHEY 5...10 ane. [I18 TeTaTel NOTIHTHAKOS,
PAGOTAIOMHX B 230THOR KHCIOTe W APYTHX ATPECCHBHNX CPETAX, HCTOTBIVETCH CTAT
95X18.
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10. HlapukonoamHnHUKOBas CTajb

[IlapykoOnoAIIMNNHHKOBAs CTajkb MNpexJAe Bcero JOJMKHa o6jalaTh BBICO-
KOH TBEpPAOCTbIO, NOSTOMY INPHMEHSIIOT BLICOKOYIJIEPOAHCThIE CTAaJH
THNA HHCTPYMEHTaJbHOH (HHOrAa HH3KOYIJIEPOAHCTBIE B LIEMEHTOBAHHOM
cocTosiHHH). UYToObl HMIapHKOMOAUMIMIHUKOBAs CTajkb JIEFKO IpHHHMAJA
3akajky (T. e. HMejla HU3KYI0 KPHTHYECKYIO CKOPOCTb 3aKaJKH) H B Ka-
gyecTBe 3aKaJIOYHOH Cpeldbl AJIA Hee MOXHO OblIo Obl MPHMEHSATb Macio,
CTa/lb Jerupyior (0OOLIYHO XpOMOM).
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Puc. 302, Crpyktypa ctaau IIX16 nocnae 3sa-
KaJKH H ornycka, X600

PaTypHHIX pEeXHMOB TepMHUYECKOH

Tepmuueckass o6paborka Jne-
TaJefl WapHKONOAWHNHUKAE (ma-
PHKH, POJIHKH, KOJblla) COCTOHT
H3 JBYyX OCHOBHBHIX oOnepauuf —
3aKalKH M OTHyCKa. J3aKalKy
NpPOBOAST B Macje, Temmeparypa
narpeBa 830—840 °C c¢ mnocae-
LylomuM otnyckoM npu 150—
160 °C B Teyenue 1—2 u, uro
obecrieyuBaeT MOJNYYEHHE TBep-
noctd He Huxe 62 HRC. Crpyk-
Typa AOJIXKHa NpeAcTaBsTh cO60H
OTNYIIEHHLIH OYEHb MEJIKOUTOJIb-
YyaThli MapTEHCHT C PaBHOMEPHO
pacnpefieleHHbIMH H30bITOYHBIMH
kapbugamu (puc. 302). Heco-
6/M1ofeHHe TIpPaBHJbHHIX Temne-
00paGoTKH, KOTOpble 3afaloTCs

B Y3KHX npejaeniax, yXyauaeT Ka4eCcTBO NMOALIHMIIHHKOB, UTO OTpaxKaeTcsa

Ha HX cToillKOoCcTH B paodore.
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B 3ty rpynny BXOIAT Bce YrJepoIHCThleé HHCTpYMEHTaJIbHbIE CTallH,
a TaKXe CTalH C HeOOJbIIUM COAEPXKaHHEM JIerHPYIOUHX 3JeMEHTOB
U NMO3TOMY He CHJIbHO OTJIMYaloIIHecss OT YIJepPOAMCTHIX MO NpoKasiHBa-
eMOCTH. BaxkHeillmee TexHOJIOrHYecKoe CBOHCTBO — cnabas MPOKaJH-
BaeMoCcTb — OObEeAUHSIET 3TH CTaJH B OLHYy rpymnny.

Bce cranu ykasaHHO| rpynnsl JOJKHbI 3aKa/lHBaTbCA B BOAE, H HH-
CTPYMEHT M3 3THX cTaJjefl uMmeeT, Kak NpaBHJIO, HE3aKaJIeHHYIO cephle-
BHHY. JTO cJeflyeT ydecTb NpH Beibope cTalyd HAa HHCTPYMEHT, IIPH ero
KOHCTpYUPOBaHHH, I[IpOBeNeHHH TepMHUUeCKOH OOpabOTKH M 3KCILIY-
aTauu .

! Hanpumep, 3akajnka B Boje TpeGyeT, YTOOH ObIMH NPHHATH MePhl NPOTHB CHJb-
HOTrO KopoOJieHHsl; NPH KOHCTPYHPOBaHHH cjeayer H3beraTh OCTPHIX YIVIOB H pe3KHX
nepexonoB CeYEHHH H T. A.
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OcHoBHBIe NMPUHLUMIBEI BeIOOpAa MapKH CTajd (Mo yraepony) H Temme-
patype OTnycKa cjefyloliHe: 4eM Bhiule TBepAOCTb (6oJblie yrJiepoja,
JonycTHM, Oojiee HU3KHH OTIYCK), TeM Bhblllle H3HOCOYCTOHYHBOCTb, HO
MeHbie NpoyHocTb. CieloBaTesqbHO, eClAH paboTa He CONPOBOXKIAeTCH
yaapoM, Jie3BHHHAs KPOMKa HMeeT [IOCTaTOYHOEe CeyeHHe — KeJiaTeJbHO
HMMeTb BoicoKYIo TBepaocTb (62 HRC u Bhliue) u, clefoBaTesibHO, CAEAYeT
IPHMEHSITb BLICOKOYIJICDOAUCTHIE cTaly (Hanpumep, ¥ 12) u naBaTh Hu3-
kuii ornyck (150—200 °C), B NIPOTHBHBLIX cJyd4asiX HCHIOJNb3YIOT CTalH
C MEHbILIHM cojlepxaHueM yriaepona (Y7—VY8) nocie ornycka npu 250—
300 °C (<60 HRCQ).
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3. UHCTpyMeHTaNbHBIE CTAJH NOBBILIEHHOW NPOKaJIHBAEMOCTH
(nerupoBaHHble HHCTPYMEHTAJbHbIE CTaJIH)

B sty knaccudHKauHOHHYIO Ipynmy BXOASIT CTaslM, CONEepKallue Jeru-
pywowue sJjeMmeHThl B KoJuuectBe 1—3 % u nosromy ob6sajaromue mo-
BHILLIEHHOH NpOKa/JuBaeMoCTblo. MHCTpYMEHT M3 3THX cTajled 3aKaJjlu-
BaeTcsi B MacJie (IPH CTYNeHYaToOH 3aKajKe —— B COJIH) H [IPOKaJTHBaeTcs,
KaK NpaBHJO, HAaCKBO3b.
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MeHbluasi CKOPOCTh OXJaXAEHUS IPH 32KajKe YMEHbIIAeT OflacCHOCTb
o6pa3oBaHHsl TpelHH, AebopMauud H KOpPOO/NEeHHSI, K Y€MY CKJIOHHHI
yrJaepoAucThie HHCTPYMEHTAJbHBIE CTa/IH. DTO BayKHO AJA MHOIHX BHJAOB
UHCTPYMEHTOB, HMEIOIHX CJOXHYI0O KOHOQHUTYpaUHIO.
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4. BrcTpopexyumne cranu

BricTpopexymue cTany npenHasHadeHH IJ1A HSTOTOBJEHHS DPeXyInero
HMHCTpYMeHTa, paboTaouero npH BHICOKHX CKOPOCTAX pe3aHHs. Brictpo-
pexymas craab no/KHa obsafaTh BHICOKOH ropsiued TBepAOCThbIO (TBep-
HNOCTBI0O B ropsiyeM COCTOSSHHH) M KPaCHOCTOHKOCTBIO (HACKOJBKO 3Ta
TBEPAOCTb COXPaHAETCA BO BpeMeHH), oOpaTuMoii M HeoOpaTHMOH
TBEP I0CThHIO.

DTH CBOHCTBA HeOOGXONHUMEI, TaK Kak B Iponecce paboTsl TemJo,
B ocHOBHOM (Ha 80 %), KOHUEHTpUpYEeTCA B HHCTPYMeHTe, HarpeBas ero.
QOueBHaHO, ueM 6O.1biHE Harpes (Mo TeMnepaType U NPOROJKUTETbHOCTH)
6e3 pasMAryeHHs MOXKeT BhIIEpXKaTb MaTepHasa, TeM NpH OoJbluei CKO-
pPOCTH pe3aHHsi OH MOXeT paboTarTh.

Ha puc. 308 npuBefeHH KpHBBlE, NMOKa3blBAIOLIHE TBEpAOCTb TpPeEX
Pas/MYHBIX CNJAaBOB NpPH pasHHIX TeMmepaTypax. TBepRoCTb YIJIEDPOAl-
crofi ctand nocie HarpeBa a0 200 °C HauunaeT 6ricTpo nanats. Cinenosa-
TeJIbHO, JJIA 3TOH CTajl{d HEJOMYCTHM pEeXHM pe3aHHs, IPH KOTOPOM
UHCTpYMeHT Harperajcs Obl Bwme 200 °C. Y O6ncTpopexylned crafiH
BLICOKAsi TBepIOCTb coxpaHsercs npu Harpese Ao 500—600 °C. Takum
o6pasoM, HHCTPYMEHT U3 GhicTpopexylued cranu Gosee NPOU3BOLHTEJEH,
yeM HHCTPYMEHT 43 yrJjepoaucTo#t cranu. bBoJsiee npoH3BOAHTENbHBIM
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ABJISIETCS WHCTDYMEHT H3 TBepAOTO CIIaBa, TaK Kak Harper fio 800 °C
MaJO BJIHSIET HAa ero TBEpJOCTb.
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KpachocrofikocTh !  ompegmensieT, CKOIb JOJTrO TaKas TBepAOCThb
COXpaHseTCsl, MOCKOJbKY IPH 3THX paGouUX TeMIepaTypax NPOHCXOIAT
npouecchl KoaryJasiiud KapGHIOB CHHXXAOWHUX TBEPLOCTD.

Kpome «ropsiuux» CBONCTB OT MaTepHa/a RIS pexyiero HHCTpyMeHTa
Tpe6yloTCsl M BBLICOKME MeXaHHUeCKHe CBOMHCTBa; NMOJ 3THM MOApasyMme-
Baercsl CONPOTHBJIEHHE XPYNKOMY pa3pyIUEHHIO, TaK KaK NPH BLICOKOH
TBepHocTH (>60 HRC) paspyuieHne Bcerfa MPOHMCXORHT IO XPYMKOMY
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mexaHuamy 1. Jlesio B TOM, YTO yeM BhiLIE IPOYHOCTb, TEM GOJIbilIEE YCHIIHE
MOJKeT BbIZlepkKaTb pafouasi 4acTb MHCTPYMEHTa, TeM 0O0JIbIIYIO NOJayy
M IJyOGHHY pe3aHHUsi MOXKHO NMPHUMEHUTb H 3TO yBeJlHYMBaeT NPOH3BOAHM-
TeJbHOCTb Ipoliecca pes3aHHs.

OkasblBaeTcs, N0 MNPOYHOCTH pasHble KJacChl HHCTPYMEHTaJbHbIX
cTajled pacnoJaraloTcsi B OOpaTHOM MNOpPsSAKe, YEM HX pacnoJjioXKeHue
no kpacHocroiikocTd (puc. 309) u B OTAeJbHBIX CJydasiX MOXKeT CJy-
YMTbCS U TaK, YTO HHCTPYMEHT U3 ObicTpopexyiuel cranu 6yner paboTaTh
Npou3BOAHUTe bHEe, H3-32 6o blIero ceyeHHs CHHMaeMOH CTPYKKH, UueM
HHCTPYMEHT HU3 TBepAOro chnJjasa.

Kak ykasbiBasiochb, ropsiyasi TBepAOCTb H KPaCHOCTOHMKOCTb oOMpe-
IeNA0TCS pa3ynpoOYHEHHEM 3aKajleHHOH CTaJid NPH HarpeBe HeoOpaTH-
MBIM H3MEHEHHEM TBEpPAOCTH.

Bricokasi TBepAOCTb MapTeHCHTa OObsiCHSAETCS pacTBOPEHHEM yrJe-
poga B Fe,. M3BecTHO, mpH OTNycKe H3 MapTEHCHTa B YIJIEPOAUCTOH
CTaJi BBIJEJSIIOTCA Meabyailiuie 4YacTHubl kKapbuaa. Iloxka BblAenuB-
mrecss KapOuIB elle HaXOAATCA B MeJbYaHiieM AUCNEPCHOM pacCesiHUH
(T. e. Ha nepBo# craauu BogesneHHsA NpH otnycke o 200 °C), TBepmocThb
3aMeTHO He cHHxaercs. Ho ecau temnepaTypy oTnycka NOJHSTbL Bhlle
200 °C, mpoMCXOIMT PoCT KapOuAHBLIX BbileJEHHH, W TBepAOCTbL Majaer.

UTobbl cTasb YCTOHYHBO COXpaHsija TBEPJAOCTb NPH Harpese, HYXXHO
ee JIerHpoBaThb TaKMMHM 3JIEMEHTaMH, KOTOpble 3aTPyAHAJM Owl mpouecc
KOaryJasiiMi KapOu 0B.

Ecau BBecTH B CTajlb KakO#-HHUOYAb KapOHA00O6pasylOmHH 3J1€MEHT
B TAKOM KOJIHUeCTBe, YTO OH 00pa3yeT cnenuajbHbiil KapOul, TO KpacHo-
CTOHKOCTh CKaukooOGpa3Ho Bo3pacrtaer. JleJo B TOM, uYTO CheuHasbHbIHA
KapOuj BhIfesasieTcss U3 MapTeHCHTa M KoaryJHpyeT npH 6oJiee BHICOKHX
TemnepaTrypax, uem KapOuj xene3a, Tak Kak Iy 3Toro tpebyercs He
TOJIbKO AHGGY3UsA yriepola, HO U AHPPY3HS JerHpYyIOIHX 3JIeMEHTOB.
[IpakTHueckd 3aMeTHass KoaryJsiiMs ClHeLHaJbHBIX KapOHJOB XpOMa,
Bosibpama, MoJuGAeHa, BaHaJUsl [MPOHCXOAHUT NPHU TeMIepaTypax Bblie
500 °C.

Takum o6pasoMm, KPaCHOCTOMKOCTb CO3JaeTcsi JIeTHPOBaHHEM CTallH
KapOu xooOpasyiomuMH 3jeMeHTaMH (Bojabdpamom, MOJHOAEHOM, Xpo-
MOM, BaHaJlieM) B TaKOM KOJIHYeCTBe, NPH KOTOPOM OHH CBSI3bIBAIOT
MOYTH BeChb YIJIEpPOA B ClelHaJbHbIE Kapﬁldllbl M 3TH KapOu sl nepexoasT
B PacTBOD INIDH 3aKaJike.
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Kak BupHO M3 guHarpammbl, npuBejeHHoH Ha pHc. 308 pabouasi Temnepa-
Typa pe3aHHst HHCTPYMEHTA W3 TBEpAbIX CMJIABOB MOXeT ObITh YBEJHUYELHA
no 800—1000 °C, Torna Kak AJsd MHHCTpYMEHTa U3 ObICTPOpPEXYIIEH cTanu
pasorpeB pexylleli KpoMkHd Boiwe 650 °C HegonycTuMm.

3HayHuT, HMesT HHCTPYMEHT M3 TBEpAbIX CILIABOB, MOXHO paboraTh Ha
Gosiee BLICOKMX CKOPOCTSIX pe3aHHs, 4yeM ¢ MHCTPYMEHTOM H3 GricTpope-
XKylleH crajd, XoTs NnpH MeHbllIeH nojaue.

B Hacrosiuiee BpeMsi AJ51 CKOPOCTHOI'O pe3aHHs METaJJIOB IPHMEHSIOT
HHCTPYMEHT, OCHAUeHHbIH TBepAbIMH CIlJIaBaMH.
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Teepavlit cnnaB H3roToB.1SeTCS METOAAMH NOPOLUKOBOHl MeTanaypruu. Has wusro-
TOBJIEHHS] TBEPJAbIX CMJIaBOB i10POWKH KapOujaoB BojabdpaMa H THTaAHA CMELIUBAIOT CO CBA-
3YIOIMM BelleCTBOM (KOOa.1LTOM) mpeccyloT B POpMax M TeM caMbplM MPHAAIOT H3Me.1HIO
COOTBETCTBYIOLLYIO BHELIHIOIO OPMY, 3aTeM MOABEPraioT CIEeKAHHIO MPH BLICOKOH TemIle-
parype (1500—2000°C) B pesyabTaTe mosnyyaeTcsi H3AeJHe, COCTOsIee M3 KapOGHIUbIX
YacTHL, CBA3aHHHIX K06a/bTOM. TaKasfl TeXHOJOTHsl He ob6ecrieuHBaeT MMOJYy4YeHHS CCrep-
UIeHHO IJIOTHOrO H3Jenusi, B HEM MMelOTCS Mopul, 3aHuMamomue obbveM 10 b %.

TeepnocTb MerasokepaMHYeCKHX TBEPIBIX CIIaBOB OYEHb BhicoKas,
TaK KakK 3TH cnjasbl coctosat U3 90—95 % kapbunos (ocraibHoe — Ko-
OanbTOBass CBSi3Ka) — 06JlafalOIlUX HCKJIOYHTEJbHO BBHICOKOH TBED-
JLOCTbIO, TO3TOMY CreYeHHble AeTasJd H3 TBepAblX CIVIaBOB HEJNb3d TOA-
Beprath HHKakoH Apyroi MexanHyecko# o6paboTke, Kpome WIHPCBaHWA.
HucrpymeHT He M3roTaB/MBalOT LETHKOM H3 TBEDAOTO CIJIaBa — M3 HETO
H3roTaBJHBAIOT JIMLIb PEXYUIYIO YacTb; NMJACTHHKY M3 TBEpPJAOro CIJjaBa
NPHKPENAAIOT K AepKaBKe U3 OOBIYHOH KOHCTPYKUHMOHHOH MJH HHCTDY -
MEHTaJbHOH CTaJH.
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[Nogo6ubiM 0o6pasoM cefiyac H3roTaBJAHBAIOT pe3lbl H MHOTHE Apyrue
MeTaJlJIOpeXYILHe HHCTPYMEHTHl BHICOKOW INPOH3BOJAHTENbHOCTH (dpesHl,
cBepsia H T. L.).

PH BHICOKOH TBEPROCTH TBEPABIA CMJIaB 06JajnaeT NOBLILIEHHONA Xpyn-
KOCThIO H MaJiol NPOYHOCTBHIO B OTHOLIEHHH pacCTArHBAIOLWIUX HalpsKe-
Hufi. IlpunaBas coorBercTBylOWYyI0 ¢opMy HHCTPYMEHTaM, nonbHpas
pe>XHMB! pe3aHHs, 3TOT HeJJOCTATOK TBEPJOro CIJIaBa XOTs H yCTpaHsiercs,
Ho He noJsiHocThbio. IIpH pabore ¢ ynapamMH M TOJMYKaMH TBEpAbLIH CNJiaB
BHIKpallIKBAaeTCA H B TAKHUX YCJOBHAX He o6JiafjaeT BHICOKON CTOHKOCTHIO.
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[Ipn mramnoBke B ropsiueM COCTOSHHMH IITAMNYEMBIH MeTaJJ MNOJ
AecTBHEM COHIKAIOIIMXCA MMOJOBHHOK IITaMMa aehopMHpyeTcs H 3anod-
HsleT BHYTPEHHIOIO MNoJiocTh uitamMna. B pabore BHYTpeHHSASI NOJOCTb
mramna («purypa»), koropast AeopMHPYET METaJJ, CONpHKacaercs ¢ Ha-
rpeThiM METaJlJIoM, NO3TOMY IUTaMIoBasl CTajb AJs ropsiyeH LITaMNOBKH
AoJIXKHA 00J1afaTh HE TOJBKO ONpeleIeHHbIMH MEXaHHYECKHMH CBOMCT-
BaMH B XOJIOJHOM COCTOSIHHH, HO H JOCTAaTOYHO BBLICOKMMH MeXaHHuye-
CKHMH CBOHCTBaMH B HarperoM cocTosiHHH. OcolGeHHO XeJaTeJbHO HMETD
BHICOKMH Inpefiesl TeKydecTH (YNpyrocTH), 4toObl NMpH BLICOKHX JaBJie-
HuAX Wtamn He fedopmHpoBascsA. Ias Ky3HeuHBIX WTamnoB OoJbIOE
3HayYeHHe HMMeeT H BS3KOCTb, YTOOBI LITAMI He PAa3PYLIHJACS BO Bpems
pa6oTH npH yrapax no aedbopMHpyeMOMY MeTajay. ¥CTOHYHMBOCIB IPO-
THB H3HOCAa BO BCEX CNyYasX OYeHb BaXHAa, TaK KakK oHa obecrnieyHBaer
COXpaHeHHe pa3MepoB «(PHUryphl» — NOJTroBeYHOCTh paboTHl IlTaMmia.

HOnsi npeccoBoro MHeTpymenra, paboramwollero 6e3 yaapon, 6oJiblioe
3HaYeHHe MMeeT H3HOCOCTOMKOCTh B ropsiueM COCTOSSHHH H OTHOCHTEJbHO
MeHblllee — BA3KOCTh. [lo3ToMy AN MOJMIOTOBBIX 1ITAMIIOB H AJISt NPECCO-
BOr0 MHCTpDYMEHTa IPHMEHSIIOT CTaJH PasjIHYHBIX MapoK.
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CTalb AJif «ropsAAYHX LUTAMIIOB» NOJXKHA HMETb KaK MOXXHO MEHbLIUYIO
YyBCTBHTEJbHOCTh K MECTHHIM HarpeBaM. B HenocraTouHo Ba3ko# (nJia-
CTHYHOH) CTa/IH, HAaNpHMep B MJIOXO OTNYLIEHHOH, MECTHBIN HarpeB MOXKET
NMPUBeCTH K o0ODA30BAHHUIO TDEIIHH.
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[TlepexompuM Temepb K pacCMOTPEHHIO CcTajiel, NMpHMeHsieMbIX AJsl H3-
TOTOBJIEHHS TOpPSAYHX WITaMIOB, AePOPMHPYIOLUIHX METaNJ B ropsueM
COCTOSIHHHM. Merann, npHMeHsieMBIH 1S TOpPAYHMX IUTAMIOB, HOJXKEH
HMeTb onpejeJeHHLIH KoMIeKc cBo#icTB. PaccMoTpHM HX.

JKaponpourocme. Merann ropsuux LITaMmoB JoJKeH obsanarbh BH-
COKHM INpeJesIoM TEKYYeCTH H BHICOKHM CONPOTHBJIEHHEM H3HOCY NpPH BHI-
COKHMX TeMreparypax, 4ToObl 3aMeAJiHTh NMPOUECCH HCTHPaHHS H aedop-
MHDOBaHHS 3SJeMeHTOB (QHIyphHl lliTaMIa, pa3orpeBallIHXCSA OT COIpH-
KOCHOBEHHSI C TOpsIYHM METaJlJIoM.
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Tennocmodixocms. Bricokue xaponpounsle cBofAicTBA HE JOMMKHH CHH-
HaThCA MOA AJUTE/bHBIM BO3NEHCTBUEM TEMNEpaTyphHl, MeTajlJ ropsdYux
LITAaMIIOB HOJIXKEH YCTOHYHMBO CONPOTHBIAATBHCH OTMYCKY.

Tepmocmodixocms. 1ukanyeckHit HarpeB H OXJaXKAEHHE NOBEPXHOCTH
liTamna Bo BpeMsi paGoThl M, C/EI0OBATENbHO, Yepepylolleecsi pacuinpe-
HHE H CXKaTHe NOBEPXHOCTHBIX CJIOeB NPHUBOAAT K NMOSBJEHHIO TaK Ha3H-
BaeMbIX pasrapHbIX TpellHH. MarepuaJs witamna JoJikeH o6/l1aaaTh BEICO-
KON pasrapoCTOHKOCTbIO HJIH, KaK Yalle Ha3blBalOT, TEPMOCTORKOCTBIO
HJIHM BLICOKHM CONpPOTHBJIEHHEM TEPMHYECKOH YCTalloCTH.

Puc. 320. MurkpocTPyKTypa craaeft, X 100
a — X12; 6 — X6B®
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Bsasxocms. JedbopMHpoBaHHe MeTajsa MpPH UITAMIOBKE CONPOBOXK-
JlaeTCsl YIapHbIMH BO3JEHCTBHSIMH 3TOr'0 MeTaJjjla Ha WITaMnel, NO3TOMY
MeTaJlJl LITaMNoB AoJixKeH 06J1aiaTb HU3BECTHOH BA3KOCTbIO — OCOOEHHO
npH WITaMMNOBKE Ha MOJOTaX, KOrAA NPHXOAHUTCH JOCTHraTh HYXXHOIO IO-
BHILLIEHHS BS3KOCTH JlaKe 33 CYeT HEKOTOPOro CHHXXEHHSs XapOoNnpOYHOCTH.

[1poxanrusaemocms. MHOr He WITaMNIbl HMEIOT BeCbMa 6oJiblliHe pasMephl
(HanpuMmep, KyOMKHM KOBOYHBIX WITaMNoB HMewoT pa3mephl 500 X 500 X
1000 MM u 7. n.). [ nosydyenus XopolHX CBOHCTB MO BCEMY CEYeHHIO,
B YaCTHOCTH AOCTATOYHOH BSI3KOCTH, CTajb HITaMNOB JOJ>XHA IiyOOKO
NPOKaJAHUBaTbCH.

Omnycknaa xpynxocms. Tak Kak OBICTPBIM OXJaXXA€HHEM UITAMMOB
KPYIHHX pa3MepoB HeJb3s YCTPAaHHTb OTNMYCKHYIO XPYNKOCTb, TO CTajb
JOJNXKHA ObITb MHHHMAaJIbHO YYBCTBHUTEJBHOH K 3TOMY NOPOKY.

Caunaemocme. Ilpn 3HauuTe1bHOM HaBJIeHHH ropsAYHA MeTalsl MOXeT
Kak Obl IPHJAHNATh K MeTaJlJy IuTamna (siBJeHHe afre3HH), 1 Korjaa mram-
nyeMoe H3jieJIHe OTAHpaeTCs OT LUTaMIia, TO OHO BCSAAKHH pa3 YaCTHYHO
paspyliaeT ero NoBepXHOCTb. DTO SBJEHHE pas3pylleHHs Oyler TeM CHJb-
Hee BbIpa)keHO, Ye€M CHJbHEe aAre3uoHHoe B3aHUMoJileAicTBHe IUTaMnye-
MOro MeTaJjisia H Meraasa wrammna. [lo3toMy nomo6Hoe B3auMopelcTBHE
IITAMIIOBOA CTaJIH C METaJlJIOM H3JeJIHSI NOJMXXKHO OBITh MHHHMAaJbHLIM.
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Hdss TaMnoBkH B XOJIOZHOM COCTOSHHH CTajb, H3 KOTOPOHA H3roras-
JIMBAIOT WITAMIBL, OOLINHO A0JKHA 06J1aaTh BHICOKOH TBepAOCThIO, obecne-
YMBaKollled yCTOMYHBOCTb CTAMH NPOTHUB HCTHPAHHS, XOTA M BSA3KOCTb,
0CcOOeHHO AJIS NMYAHCOHOB, HMeeT TaKXe IepBOCTelEHHOE 3HaudeHHe.
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[IIupoxoe npHMeHeHHe LM XOJOAHHIX IUTAMIIOB H JPYTHX HHCTPY-
MEHTOB, Ae(OpPMHDYIOLIHX METaJJ B XOJOAHOM HJIH OTHOCHTEJbHO HEBHI-
COKO HArpeTroM COCTOSIHHH (HaKaTHHE IJIalIKH, POJHKH, GHAbepHl A
BOJIOYEHHS] M Ap.) MoNy4HaH BrICOKoXpomHcThle cTanau (12 % Cr npwu
1—1,5 % C), o6nagnaromue BHCOKOR H3HOCOYCTOHYHBOCTbLIO, MOBHILLIEH-
HOH TEeMJIONPOBOAHOCTbIO, MaJsiof AeGopMHPYEMOCTHIO NPH TePMHYECKOH
o6paboTKe U HEKOTOPHIMH JAPYIHMH OCOGBIMH CBOHCTBaMH.

CocraB 12 %-HBHIX XpOMHCTHIX HHCTPYMEHTAJbHHIX CTajiedl NMpHBeJeH
B Taba. 53.

Bce BHICOKOXpOMHCTHIE IITAMIIOBLIE CTaNH CoiepxaT B cpefieM 12 %
Cr (o crann X6B® co cpepnum comepxannem 6 % Cr Gyger ckasaHo
HHXE) H BHICOKHH NpOUEHT yriepofa. DTo NPHBOAHT K 0Opa30BaHHIO
GoablOro KoJH4YecTBa XpoMHCTHIX Kap6uaop (Cr,Cg).
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)KapornpoaHocTh — 9T0 Cnoco6HOCTb MaTepHasia NPOTHBOCTOATh MeXaHH-
YeCKHMM Harpy3kKaM MpH BBICOKHX TeMieparypax.

HanpsxeHnue, KoTopoe BhH3blBaeT paspylleHHe MeTajjia NPH MOBhI-
INeHHHX TeMnepaTtypaxX, CHJIbHO 3aBHCHT OT NPOROJXKHTENbHOCTH MPH-
noxeHus Harpy3kKu. OHo MoxeT ObTb BEJHKO NPH KPaTKOBPEMEHHOM
NPUJIOKEHKH HarpyskH ¥ Majo, €CNH Harpyska jgeHCTBYeT AJUTEJIbHOE
BpeMs.

Bumecte ¢ TeM weM BhIllle TeMmepaTypa MeTa/lJa, TeM HHXKe K paspy-
MIAIOMIHE HANPAXEHUA MNPH RAHHON MNPONOJIKHUTENbHOCTH BO3NEHACTBHA
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Harpysku. CnepoBatesibHO, B 0o6llEeM c/iydae NpH NOBHILEHHHX TeMnepa-
TYpax MpPOYHOCTb MeTajljla onpeleasiercss ABYyMA ¢akTOpaMH — TeMie-
parypod u BpeMeHeM.

a puc. 327 npuBegeHa 3aBHCHMOCTb NMPOYHOCTH OT NPOAOJIKHTENb-
HOCTH NPHJIOXKEHHS HarpysKHd NpH pasHHX TeMmnepatypax. Takoro BHAA
AuarpaMmhl CipaBefJuBHl JJISi MHOTHX METAJIJIOB H CIIJIABOB, TaK YTO Npel-
CTaBJIEHHYIO 3aBHCHMOCTb CJIEyeT paccMaTpPHBaThb B NPHHUHIE KaK 00-
WYyIo aas MetadnoB. Kak BHAHO W3 AMarpaMmbl, NIpH MOHHXKEHHOMH TeMIle-
parype !l NPOYHOCTb METaJl/IOB MaJio 3aBHCHT OT NPOAOJIKHTENBLHOCTH
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Puc. 327. 3aBHCHMOCTb NPOYHOCTH OT NPOAOJJIKHTEJBHOCTH HCIBLITAKHS

PHc. 328. TlpeRest NPOYHOCTH )XKeJlesa B 3aBHCHMOCTH OT TeMnepaTtyph HCHbITAHHA (3allTPHXOBaHa
06M1aCTh HANPAXEHHN, BLISLIBAIOWHX MONSYUECTh)

BO3JIeHCTBUS Harpy3KH M NpH HanpsiKEHHH HHXe Oy paspylleHue npax-
THYECKH HHKorja He npou3oiper. [Ipu Gosee BHICOKMX TeMnepaTypax
3aBHCHMOCTb NPOYHOCTH OT BPEMEHM BO3ACHCTBUS HAarpy3KH CTaHOBHTCS
cuibHee (4TO BHAHO NO BO3PacTaHHUIO YIjia HaKJIOHA NPSMBIX).

Brllle HeKOTOpHIX TeMneparyp NpPOYHOCTb TaK OHICTPO CHHXKaeTcs
C YBEJNHYEHHEM NPOROJIKHMTENbHOCTH HCMBITAHMSA, 4TO YKa3aHue OXHOTro
3HaYeHHUs] NPOYHOCTH 6e3 OAHOBPEMEHHOTO YKa3aHHS NPOAOJKHTENbHO-
CTH BO3AENCTBHS Harpy3KH YiKe JHIIeHO TEXHHYECKOro cMmbicaa. JeficTeu-
TeNbHO, NpH f, (cM. puc. 327) HanpsiakeHHE Oy BHI3OBET pa3pylUEHHE
yepes 10° ¢, a HanpsxeHue 0, BH3oBeT paspylueHue Yke uepes 10? c,
T.e. B 10 000 pas Guictpee.

W= usnoxxeHHoro cjeayer, 4To NpH HHU3KMX TeMmmepatrypax BJHS-
HHeM ¢aKTopa BpeMeHM MOXHO npeHe6Gpeub !, 2 npH BHCOKHX — OH
HMeeT pellalolllee 3HaYEHHE.

[Ipu BHICOKHX TeMmnepaTypax AJisi OHEHKH MPOYHOCTH MeTala Hajo
YUHTHIBaTh (akTOp BpeMeHH. B 3TOM ciyyae NpoYHOCTb XapaKTepH3YIOT
OAUMEALHOLL N POYHOCBIO.
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HOnuTenbHas NPOYHOCTD — STO NpejAesd MNPOYHOCTH JMJIA JaHHOMH
TemMneparypsl, paspyiueHue Oymer HMeTb MeCTO MocJie ONnpenesIeHHOro
BpeMeHH BO3JAEHCTBHS.

HnurenpHas npoYHocTh o6o3Havdaercst rpeveckolt 6ykeofi ¢ (curma)
C MHIAEKCOM, INOKa3LIBAIOIIHM MPOAOJIXKHTEJNbHOCTh BO3JEACTBHS HaMps-
XKeHud B YacaX (Hampumep, Ojo — HanpsiKeHHe, BHI3HIBalOlllee paspy-
mieHne Meraqaa 3a 100 u),

Ha puc. 328 npuBenena reMnepaTypHas 3aBHCHMOCTb MPOYHOCTH ANS
KeJsesa, B

Hns xeje3a U ero cnjaBoB npouHocTb npH 200—300 °C BhIe npoy-
HOCTH NPH KOMHAaTHOH TeMneparype, a MIACTHYHOCTb H BASKOCTb HHXKE
(Ha puc. 328 He nokasaHo). SiBneHHe 3TO

HOCUT Ha3BaHUE CUHeAOMKOCmU !, TaK KaK |
OAHOBPEMEHHO C MOBHLILIEHHEM MPOYHOCTH N, )
NpH 3THX TeMnepatrypax Ha6jlofaercs §§ c
U CHHXXEHHE BSSKOCTH. R | 4
Huxuass xpusast, Kotopas Haum- &,
Haetcsi oT 350 °C, nokasnBaeT NnpoYHOCThb p -

XKeJse3a nNpH 4pesBbIiYaliHO Majloll CKopo- Boems T

CTH HCOBITAHHSA; BEpXHAS KpuHBas NpH-

BelleHa AJsi CKopocTefi, OGBIYHRIX fpu  Puc. 329. Kpusas noasysecru
MCNLITAHHH HA - PaspHB ‘MeTaNJHYeCKHX

o6pasuoe (cKopoctH aedopMmupoBaHus 3—5 mm/mun). Cuepobarenb-
Ho, TeMneparypa 350 °C pmasm ikesesa sBJSETCA TeMIepaTypof,
BHIILIE KOTOpPO# MeTrada npHoOperaer 3aMeTHYI0O YYBCTBHUTEJIbHOCTb
K CKOPOCTH HMCNLITaHHA.

Ecau Harpyska MoxeT npeB30MTH BeJHUYHHEI, YKa3aHHHIE BepXHeH
KPHBO#1, TO pa3pyllueHHe NPOH3OHAEeT B Npollecce BO3pacTaHHA HArpys3KH.

Ecniu BesnunHa HanpsixkeHHs OyfeT MeHblle BeJHYHHHEI YKa3aHHOH
HHXXHeH KpHBOM, TO paspylleHue NPH AaHHOM HaNpsiXKeHUH He NPOU3OH-
ner. HakoHen, ecau HanpsiKeHHMs JiexKaT BHYTPH 3alUTpHXOBaHHOA 06-
JacTH, TO pa3pylleHHe HNpPOH3OHJEeT Yepe3 NPOMEXKYTOK BPEMEHH TEM
MeHbIIHH, YeM OJMXKe 3HaueHMe HANpSXKEHHUS HAXOAUTCA Y BepXHeH
Kp UBOH.

Hanpsixenne, BeJHYHHa KOTOPOTO HAXOAHTCS B 3alUTPHXOBAHHOM
HHTEepBaJe, JefopMHpYeT MeTaJJ BO BpeMEHH. D10 fiBJeHue, T. e. fedop-
Mallusi MeTajila BO BpeMEHH NOA AcHCTBHEM HaNpsiKeHHs, NOCTOSHHOrO
N0 BeJNHYHHE, HA3LIBAETCHA I0OJA3YYECThIO.

[Ipouecc nossyuecTH HCCAEAYIOT Ha CHENHANbHBEIX YCTaHOBKax, Ha
KOTOPHIX aBTOMATHYECKH 3aNHChbIBaeTcsl TaK HaskiBaeMasl KpHBasl MoJjsy-
YecTH, XapaKrepusyiomas Aedopmanuio ob6pasna Bo BPEMEHH MOA JeH-
CTBHEM IOCTOSIHHOTO Hanpsi>KeHHsi. TUNHYHAs KpHBas MOJ3YYECTH Mpea-
cTaBjieHa Ha puc. 329. Ha KpuBo#i mnonsydecTH OTMETHM HECKOJBKO
y4acTKoB.

Yuacrok OA — ynpyras u naactuueckas jaepopMamuH, BOSHHKIIHE
B MOMEHT NpPHJOMEHHs HarpysKH.

! TemnepaTypa BO3HHKHOBEHHSI CHHEJOMKOCTH COOTBETCTBYeT MOSIBJIEHHIO Ha TO-
BEDXHOCTH CHHHX [BETOB NO0GEXKaJOCTH. YAOBJETBOPHTEILHOro OGBLACHEHHS! fBJIEHHE
CHHEJIOMKOCTH He HMeeT.
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Yuyactok AB — Tak HasblBaeMBIl HeyCTaHOBHMBIIHACH YYacTOK Ha
KpHBO#M noJs3yuectH. Merann negopmupyercs ¢ HepaBHOMEpHOH (3amen-
Jsiomeics) CKOPOCThIO.

Yuactok BC — Tak HasbBaeMblit Y4acTOK YCTAaHOBHBLIErocsl pexxHma
nonsyuectu. Merann gedhopMupyeTcs C NocTOsiHHON cKopocTbio. TaHreHc
yrjia Hak/JoOHa NpAMON XapaKTepH3yeT CKOPOCTb IOJ3YYECTH.

Yyacrok CD — nmocneiHu# 3Tanm noJj3yyecTH, KOTOpasi NPOHUCXOAHT
NPH HelmpephIBHOM YCKODEHHMH Npoilecca M 3aKaHYHBAeTCs pas3pylIeHHEM
B TOouke D.

SiBNeHHA, NPOUCXOASIIHE B METaJlJle H CBSISAHHBIE C NPONECCaMH noJ-
3y4ecTH, MOXHO KPaTKO ONHCaThb TakK.

[Tnactuueckas nepopmanusi (HakJen) BoI3bIBaeT YNpOYHEHHE MeTalaa.
[Ipu BrIcOKOf TEMnepaType, Koria MNOABHXXHOCTb AaTOMOB JOCTaTOYHO
BeJIHKa, NPOHCXOAHMT CHATHe YNpPOYHeHHs (HakJena), BHI3BaHHOTO ImJa-
cTHueckoii aedpopmaumedt, T. e. dunamuueckas pexpucmassusayus. Ta-
KuM oOpasoM, B npoliecce MON3YYECTH IPOUCXOAAT ABA KOHKYPHPYIOUUX
npoliecca: YIpPouHEHHE MeTalljla nJjacTHYeckod nedopmaunueft H CHATHE
VIPOUYHEHHA MOJA BO3JefiCTBHEM NOBHIIIEHHOM TeMnepaTrypHl.
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[ToBepxHOCTHOE pas3pyLi€HHE METalljaa noj BO3AEHCTBHEM BHEIIHEH CPelbl
HasbiBaeTcsi Koppo3ueii. UHcTOe 3Kejle3o H HH3KOJlerHpoBaHHble CTaAu
HeyCTOHYHBH NPOTHB KOPPO3HH B armocgepe, B BOJE H BO MHOTHX ApY-
rHX cpefax, Tak KakK of6pasyoiascsd IJIeHKa OKHCJIOB HEeNOCTaTOYHO
NAOTHA M He HM30JHpVeT MeTa/ll OT XHMHYEeCKOro BO3JEHCTBHS CDeAbl.
HekoTopble 3/1eMeHTbl NMOBLIIIAIOT YCTOHYHBOCTb CTaNH NMPOTHB KOPPO3HH,
H TaKHM O6Pa3OM MOXHO cO3JaThb CTajb (crJjaB), MPAaKTHYECKH He IOJA-
Bepramoinyocss KOPPO3HH B  JaHHOH
cpene.

< 0’5 I [Ipy BBeJeHHM TaKHX 3J€MEHTOB B
§_42 | cTajdb (cnJjiaB) MPOHUCXOAHT HE MOCTEMNeH-
‘%-04 ] Hoe, a CKaykooGpa3HOe MOBHILIEHHE KOp-
S " pO3HOHHOH cTofikocTH. He BaaBasich B no-

AT YA YEY IPOOHOCTH sIBJIEHMH, CBA3aHHBIX C MNpO-

2, llecCaMH KOPPO3HH H KOPPO3HOHHBIM pas-

pYIIEHHEM, YKaXKeM, YTO BBeIeHHE B CTaJib

Puc. 340. IMoTeRunan  Xenesoxpo- >12 % Cr penaer ee KOPPO3HOHHO-

MHACTHRX cnaanos CTOHKOH B aTMOC(Epe M BO MHOTHX ApY-

FHX MNpOMBILJIEHHHIX cpelax. CnsaBe, coaepxaline wmenbme 12 %

Cr, NpakTHYeCcKH B CTOJIb XKe GONbLION CTeneHH noABEpPXKEHLl KOPPO3HH,

KaK H xene3o. CnnaBbl, comepxkamue Gonee 12—14 % Cr, Beayr cebs

Kak OsaropojHele MeTa/Jjbl: o6jafasi MOJIOXKHTEJbHEIM IOTEHIHAJM0M

(pHc. 340), OHH He pPXKaBeIOT H He OKHCJISIOTCA Ha Bo3AyXe, B BoJie, B palle
KHCJIOT, COJIEH H ImeJiouei.
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Bce CITAEE! CHCTEMEL AeTe30 — HEMERTHT M0 CTYKTYPHOMY NPHIRAKY I€7T4T Ha I8¢
GoTsme rpymISI: CTaTH  TyTYESL

Ocobyio TPy COCTABTSIT CITABH! C COTEPAARHEM JTTepOTA Mektee 0,02% (T0IKA
P). HX HA3BAOT TexEHCECKoe AeTe30. MEKDOCTDYKTYPS! CIT4B0B MpEICTABTEHN Ha
pHCO2. CIPyKTYpa TAKEX CUTAB0B MOCTe OKORYARHS KDHCTATTHSAINE COCTONT HTH M3
3eper deppura (pHcO.2 2). NpH COTepAAHEE yTTepoma Mestee 0.006 %, HIH W3 3epex
QEppUTa W KDHCTATIOB HEMEETHTA TDETHHOTO, PACHOTOXEHHEIX MO TPAEHIANM 3epex
eppira (prc.9.2.6). ecTi coTepkanme yT1epota or 0,006 10 0.02 %.
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1. XpoMHCTHIE HepXaBelOHmHe CTaJH

XpOMHCTBEIE HepiKaBelomH{e CTajJd NPHMEHSAIOT TpexX TumoB: ¢ 13, 17 u
27 % Cr, npuuem ctanu ¢ 13 % Cr B 3aBUCHMOCTH OT TPeGOBaHHH HMEIOT
pasjiin4yHoe cojepxxkaHue yriaepoxa (ot 0,1 mo 0,04 %).

Craau c 17—18 u 256—28 % Cr umeloT HHOraa HeGosiblHe ROOaBKH
THTAHA U HHKeJs. THTaH BBOMAT AJIsl M3MEJbUEHHN 3epHA, a HHKeJb A1
yAy4YlIeHHS] MeXaHHYeCKHX CBOMHCTB.

CocTaBHl XPOMHCTHIX HEPXKaBEIOUWIMX CTajeil nmpHBeaeHH B Tabm. 74.

Has xnraccnpukaniu XpOMHCTHX HEpXKaBEIOMMX CTajledl N0 PaBHOBECHOR CTPYKTYPE
BOCMONBLSYEMCSl AMarpaMMOR TpOAHON CHCTEMH Xeneso—yraepoA—xpoM (pHc. 341).
[IpsaMOyroIbHHKH NMOKaSHIBAIOT NOJNIOXKEHHe TOR WM HHOR MapKH B STOR CHCTeMe.
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Ta6auua 74.

CocTas XpOMHCTHIX HepXXaBelol X

craneit, % (I'OCT 5632—72)

Knace 'I‘(ugr'cgznu Mapka cranu C Cr
o 08X13 <0,08 12—14

M—o 12X13 0,09—0,15 12—14
M 13 20X13 0,16—0,25 12—14
M 30X13 0,26—0,35 12—14
M 40X13 0,36—0,45 12—14
® 12X17 <0,12 16—18
b 17 08X17T =0,08 16—18
M 14X17H2 * 0,11—-0,17 16—18
o 25—28 15X25T <0,15 2427
o 15X28 <0,15 27—30

[Ipumeuanune., Bo Bcex cranax Si n Mn 0,6—0,8 %, S < 0,025 % w P < 0,030

Coaep)xaHHe THTaHa OT He MeHee uyeM MATHKPAaTHOrO COAepKaHH N yryepoaa no He Gosee yem 0,8

0,9 %. M — MapTeHCHTHHINl; O — ¢eppHTHLIH KJaa8CCHl CTaJH.

* Copmepxur 1,5—2,5 9% Ni.

Kaxk BHAHM, B 3aBHCHMOCTH OT COAEPHKAHHA Yyriepoaa XPOMHCTHIE CTaJH MOTryr

OTHOCHTbCSl K Pa3HhHIM CTPYKTYPHBIM KJaccaM, 4TO H oTpaxeHo B Tabia. 74.

Cranbp Tuna X28 u X17 ot-
HOCATCS K CTaasiM ¢eppUTHOrO
Kj1acca, HX CTpyKTypa — ¢ep-
PHT K HeT y HHX (a3oBHIX mpe-
BpalleH HH.

HHoe mnonoxenue y crajneit
c 12—14 % xpowma.

Cranbp 08X 13 npn MHHHMANb-
HOM COJepXXaHHH yrJjepoia H
MaKCHMaJbHOM Xpoma — (eppHUT-
Hasi, a IpH MHUHHMaJbHOM COZREp-
JKaHHH XpOMa HCNHTHBaeT y ~ o
npespamerHHe. B  3aBHCHMOCTH
OT KOHKDETHOTO COCTaBa CTaJb
40X 13 moxeT OHITb NO3IBTEKTOHJA-
HO! M 3a3BTEKTOHIHOM.

N3 ckasaHHOrO MOXHO 3a-
KJIOUHTbL, YTO 3TH CTajJlH He CTa-
6HIbHH 1o CBOHCTBaAM M He6OMb-
I¥e OTKJOHEHHSI B XHMHUYECKOM
CoCTaBe TMepPeBOASAT CTalb U3
OfHOro KJjacca B JpYroH, 4TO
pe3xko MeHsileT CBOHCTBA.

B cransx 20X13, 30X13 nu
40X 13 u3-3a BHICOKOTO Cojepka-
HHSI XpoMa OXJIaXJeHHe Ha BO3-
Ayxe TPHBOAHT K TMOJYUYEHHIO
MapTeHCHTa, TBEPAOCTb KOTOPOTo
CyIeCTBEHHO 3aBHCHT OT COJep-
XaHus yraepopa (puc. 342) H
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Ona manoyraepoancthx (C< 0,1 %) BHCOKOXPOMHMCTHIX CTaseli THNHYHAS CTPYK-
Typa — ¢epput (puc. 343).

PexxuMH TepMHieckolt 06pa6oTky (O6EIYHO MPHMEHAeMble) XPOMHCTHIX HepXKaBeloluX
cTajzefl H mosyyaemHe MpH STOM MeXaHHueCKHe CBOMCTBa MpHBeReHH B Taba. 75.

Cranu tuna X13 — pacnpocTpaHeHHHEe U HauGoJjlee JiellleBble HepxKaBelollHe CTalH;
HX NDHUMEHSIOT Af GLITOBHX Ha3HaueHHH M B TeXHHKe (JIONACTH THAPOTYPOHH, JIONATKH
naposuX TYp6uH). CTanu ¢ HH3KHM cofiepkaHuem yriepoaa (08X13, 20X13) niracTHYHH,

600
500
J/
3/

400 Q{}/-o,ﬂ_?—
$ pd
§300 /:/ 3
S [T
Ezoa ,/,/ /

N m— 4
Z0%e

700 800 900 1000
Temnepamypa saxanxu, °C

Puc. 342. Bausinne TeMnepaTypH SaKalNlKH H8 TBEPAROCTh XPOMHCTHX cragef (13 % Cr)
C pasnauinLM COMleP>)KAaHHEM yraepoAa

Prc. 343. Crpyxtypa ¢eppuTroff Hepxapeowe# ciaax X25T, X 400

H3 HMX XOpOILUO INTaMNYIOTCA pasauuHble Aetanu; ctanu 20X13 u 40X13 o6nanaoT Bhi-
coxoft TBEPAOCTbIO H NoBHILIEHHOR NMPOYHOCTHIO, H3 HHX H3rOTaBJIKBAIOT JA€Ta/IH IMOBbI-
INeHHON NPOYHOCTH M HSHOCOYCTOAUMBOCTH NMPH BEHICOKOA KOPPO3HOHHOM CTOMKOCTH .

Ta6aumna 75. Pexumu Tepmuueckodi o6paboTku M MeXaHHYECKHe CBOHCTBA
XPOMHCTHIX HepXaBeloumHX crajed

Temneparypa, °C MexaHuueckHe cBoficTBa
Mapxa
cranm oTnycKa TBEp- o Oo., aj,
SAKANKH | (oruTa) 1;_‘;%"'&’ MFI': Mrfa | 0 % Y % | kDox/md

12X13 1000 700 - 600 | 400 20 60 900
20X13 1050 700 — 850 | 650 10 50 600
30X13 1050. 250 40 1600 | 1300 — — —
40X13 1050 200 50 -— — - — —_
12X17 1050 750 — 450 | 300 | 15—25 | 40—50 | 200—500
08X17T
14X 17H2 1050 300 - 1100 | 900 10 35 500
16X25T — 750 - 450 | 300 20 45 —
16X28 - 750 — 450 | 300 20 - —

! PasnuYHMA HHCTPYMEHT, B TOM QHCJE XHDPYPrHYeCKEX, MOAUIUTHHKM, NpYXKHHD!
H Rpyrue jleranH, paforaiomme B axTHBHOR KODpPOSHOHHOR cpefe.
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Cranu ¢ 17 % Cr o6nagaior Gonee BHICOKOA KOppPOSHOHHOR cTofKOCTbIO. BBHRY
BHICOKOrO coliep>KaHusi xpoma ctasu THna X17 MOXHO NpuMeHATb H Kak XXapocTofikue
(oxanunocrofixue) npu pabounx temneparypax He Bhime 900 °C.

[Ipucagxu Hukens K cransaMm ¢ 17 % Cr n nosnillleHHe B HUX COAEpIKAHHUA YriiepoAa
NPHBOASAT K MOSIBJAEHHIO Y == a.-npeBpameHuit. OxHako noao6Hoe mnpeBpameHHe B STOH
CTaJlH MpOTeKaeT He A0 KOHLA, 4TO TeM He MeHee JaeT 3aMeTHOoe ynpouHeHue. B rpynme
cranelt ¢ 17 % Cr cranmp X17H2 sBasieTcss BHICOKONPOYHONR H NMpUMeHsIeTC TaM, T'Ze Tpe-
6yeTcs MOBHILEHHAs MPOYHOCTb NMPH KOP-

POSHOHHHIX CBOHCTBaX, TMpHUCYmMHX CTa- 280 )
asm ¢ 17 % Cr. ' S
S
60T ~ 240 §
N8
200}—° ¥ X 200 / N
§ olO>N § // §
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PHuc. 344. BausiuHe yraepofia H asoTa (CyMMH) Ha roJOXeHHe flopora XxJafiKo-
JomKocTH (onpeseNleHo N0 3HAYEeHHIO yAapHOR Bs3aKocTH 1000 kJIXK/m?)

Purc. 345. Bauanue xpoma Ha TeMmMmepaTypy NoayxpynkoctH (T,,)

Cranu c 25—28 % Cr npumensiior aaa neraseft neueit (Mydesnu, dyexanl Tepmonap,
peTopTH) npHu Temnepatypax 1050—1150 °C.

Boabuium HenoctaTkOM STHX cTasell ¢GeppHUTHOrO Kjacca sBAsSeTCS TO, YTO BO3HH-
Kalomas NpH neperpese (HanpuMmep, NPH CBapKe) KPYMHO3EPHHUCTOCTb He MOXeT ObiTb
ycTpaHeHa TepMHUYecKOH o6paboTKOH, TaK KaK B 9THX CTajasfiX HeT (ha30BLIX NMpeBpameHHil.
KpynHosepuucTocTh e co3fiaer NOBHILEHHYIO XPYNKOCTb CTaldH (MOPOT XJaXHOJOMKOCTH
NOBHINAETCA H MEepPeXOAHUT B O6JaCTh NOJOXHTEJbHHIX TeMIepaTyp).

fiBnenne oXpynuuBaHus HaGIIOAAETCS B 3THX CTaJAAX H NPH MeJKO3EPHHCTON CTPYK-
Type KaK pe3yabTaT BuiliepxeK B obinacTH 450—550 °C u3-3a npoueccoB ynopsiioyeHus
(zns storo Tpe6yercs AMWbL HesHadYuTeNbHasl BhAep)KkKa BOau3su 450—550 °C) uau us-3a
BbijJle/leHHs] KapOHIOB N0 rpaHuuaM 3epeH (MPOHCXORUT OGHIYHO NMpH 6ojiee BHICOKHX TEM-
neparypax nopsigka 600—700°C). B cranax tuna X17 u B oco6enHocTH X28 Habaio-
z;g(e)ng o6pasoBande XpynkoH O-pasnl NpH NPOAOIKHTENbHHX BHIAEDPXKKAX B 06aacTH

JocThuxkKeHHsI MeTannypruyecKofi TeXHOJOTHH MO3BOJIMIH H3rOTOBAATL XPOMHCTbIE
cranu (¢ 17 'u 6onee % Cr) ¢ comepkannem yraepona meree 0,005 % . 3Ty cTanu He HMelOT
YKa3aHHLIX Bhlllle HEAOCTATKOB, T. €. He OXPYMYHBAIOTCA M MOTYT NPHUMEHSTHCS K IJASA
CBapHBaeMbIX H3AeJHH.

OG6yc/0B/IEHO 3TO TeM, YTO MOPOr XJAaXHOJOMKOCTH B CYIIECTBEHHON CTeNeHH 3aBH-
CHT OT COAepXKaHufA yriepoia, TouHee oT cymmn C -+ N. Kak noxasaHo Ha puc. 344
npu conepxanuu C+ N = 0,025 u Gonee 9%, MOPOr XJARHOJOMKOCTH JeXHT npu -+ 100
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# Bume °C, T. e. OHH XPYNKH NPH KOMHAaTHO! TeMnepaType M TOJAbKO CyMMapHOe coxep-
xaHue 9Tux ssemeHToB meHee 0,01 % (1. e. % C u % N xkaxaoro menee 0,005 %) ony-
CKaeT MOPOT XJIAKHOJOMKOCTH HHXKe KOMHATHOH TeMmepaTypH H JejlaeT 3TH CTalM MNpPH
STOH TeMmepaType NJAACTHYHRIMH. DTH HH3KOYIVIEPOAMCTHIE M HH3KOa30THCThe (eppHT-
Hble HepXKaBelolllHe CTaJH MOJYYHIH Ha3BaHHUe cynepgeppumbsb. B H3TOTOBJSIIOTCA MeTas-
JIypPrHUeCKO! NPOMKILJIEHHOCTHIO.

[NonpoGHoe HccenoOBaHHEe STHX BBICOKOUHCTHIX CTajlell M cpaBHeHHe C (peppPHTHLHIMH
CTaJIAMH OGHIYHON YHCTOTH noxa3ano (puc. 345), 4TO MOPOr XJaZHOJOMKOCTH 3aBHCHT
He TOJIbKO OT coiepkaHusi C u N, HO M OT COAep:KaHHSI XpOMa M OT Pa3Mepa 3epHa; OAHAKO
BLICOKOYHCTHIE CTaJH (T. €. cynepdeppHTH) U MPU KPYNHOM 3epHe # jto6om (ot 10 10 30 %)
COREePXKAaHHM XpOMa MNNACTHYHH (HH3KHHA NOPOT XJaNHOJOMKOCTH NMDH KPYNHOM 3epHe
o6ecneYHBaeT BO3MOXHOCTb CBapKH), UTO HeJAb3sl CKasaTh npoO (peppuTHHE CnaaBH OOHIY-
HOH YHCTOTHI.
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Meds u ee cnnassi

Mem wieer rpanenemmprposseays xySutecsywo pemersy. Tliommocrs e 894
s, Teneparypa nasaeus 1085°C
KapiarepHant caofcTRon e SBTACTCE o6 BHCGRAX STEETPOTPOBOTHORTS, TOSTONY
oma ot mmporoe TpmNeNeme B snepoTemAC. Tewmueck UMCTA e
aprapyerea: MOD (59,99 % Ca), MO (9,95 % Cup, M2, M 1 M (99 % Cu).
Messseckze coolcTsa MEAl OTHOCITETIN MUK Tpeen TPOTHOCTH COCTARTIET
150..200 MIls, ommomemmoe yammene ~ 1535 %. Mooy 3 masecrse

SoCTpyRUNOREOTO Aatepmaz: Memo mpmuemsercs pexxo. [lossmeme MexamEuecHEX
CEOHCTE AOCTHTASTCS COSIANNEL PASTHYLLS CILIAB08 Ha OCHORE METH.

‘PasTiusior se TpYIS! MeIHEL CIAABOE: 24N}l — CITAZEL MeTH € THEKON, GpoRss —
CrTaEEr Memm ¢ AT (KpOME IEEES) SnEMEHTANI.
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1. Menp

Menb kak 30J10TO M cepe6po, BCTpeqaeTcst B CaMOPOAHOM BHAE H NOSTOMY B APEBHOCTH
yeJIOBEK, KOTOphIii elte He 3HaJ METaJNypruu (BOCCTAHOBJIEHHS MeTajlNa H3 pYyH), yxe
MOT HaXOAHTb H NMPUMEHATL Melb. B Te BpeMeHa xeJsie30 (MeTeOpHUTHOE) LIEHRJIOCh HAMHOrO
BhILIE MEJH H 30J10Ta, TAK KaK KeJe30 Mo ero CBOACTBaM, OYEeBHAHO, 6oJee NOAXOAHAO RS
M3rOTOBJIEHHS OpYAMs, yeM Mejb !,

B HacTosimee BpeMst Meib NMPOM3BOAAT MeTaJJypPrHYeCKHM COCOGOM, OTAesieHHeM ee
OT KHMCJIOPOJA M Cephl,

HecMotpst Ha To uTO comepxaHue Menu B 3eMuolt Kope HeBesauko (0,01 %), ona e
pacCesiHHbIX MeTajlJl MU KOHLUEHTPHUPYeTCs B MeNHLIX pyAax, rAe COoAepKaHHe ee IO-
paska 5 %.

Ilo cBoficTBaM Melib 6/1M3Ka K cepe6py M 3oJioty (Taba. 120). INocnenHne Ha Bo3nyxe
He OKHCJSIOTCA M MO3TOMY Ha3bIBalOTCS O6JIarOPOXHBIMH MeTaslsiaMH (mojipoGHee cM,
ria. XXX); mMeab okucasercs c1a6o, NO3TOMY ee Ha3biBalOT NoJy6/1aropoHLIM METaJJIOM,

Uucras meab HMeeT psAN UeHHBIX TeXHH4YecKMX cBoficTB. Bricokas nsaCcTHYHOCTB,
BBICOKAsl 3/IEKTPO- M TeNJIONPOBOAHOCTb, MaJjlasi OKHUCJSIEMOCTh — BCE 3TO OOYCJIOBHJIO
LWIHPOKoe npHMeHeHHe Meau. KpoMe Toro, Meab sIBJIsieTCS OCHOBON BaXKHeHIINX CNJIaBOB —
JlatyHed U OpOH3.
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Jlamynu

Ty scory msers » cpoent coctage 20 45 % mumsa, Tlossrmenne cozepams mesa
20 45 % npmmomT % yeemmemno mpezema mpowmocTi To 450 MTla. Maxcmumsmax
AscTIROCTS mteeT ecto pH coxep AR mHAKA oxo70 37 %

Tlpn cnaaeremm wean < mmmRow oGpwyeTcs X TepIN pacrecpoe GARE
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M Zmarpnnst CoCTOmNA MeTo — INNK BEINO, IO B SABECHMOCTH OT COCTaBa
mcesores oxmouasste aryHH, cocTonmmme s @ T8epIOT pACTEOPS, K AByNpazEste (&+ 5
)-saryam.

Tlo crocoy aroTosestna e i paSTHSAOT TATYE 2edOpMEpYeSE H THTeENE.

Jegopmpyessie sarymn saprupyrores Gyxzoil L w xoropoll caeayer o,
‘MosasBaOmes coRepRAREE MeZ B TpONERTAS, KAmpEEp @ TaTyEt 1162 cozepuzes 62 %
see 1 38 % musa. Ecait 5pose \eil  IIFKa, IMEIOT APYTHE S1ENEKTEL To CTAERICA HX
‘masarste Gyxess (O — ooz, C — czmmen, K — meeso, & ~ docgop, Ma — yapranen, A~
amovmmm, 11 — mimx). KOTIECTB0 STI S7UERTOR OBOMATACTCA COOTRETCTRYIOMIN
‘mgpas Hoce e, MOKABAUMIET colepANIE \ET:, BanpmNep, caan JAKG0-1-1
coxepars 60 % ez 1 % amosmmnz, 1 % xexesa 1 38 % .

Ommopasmie G- mmyEm  memomsyercs  m  mworomlemms  aeraded
3edopMEpORAREEN B XOTOTROM cocTosmHN. FLTOTABTHRAIOT IeNTM, THISI MATPOOR,
‘pazmaTopHste TpyGH, HpoEOTORY

T mrotosemms aeraell Iedopumposammen mpu Texmeparype mmme S00°C
nenomaysor (@4 ) — aaryam. Hs Teysgasmscs qaTymell MrOTIRTIBNOT THCTEL DPYTRIE X
apyTHe 3aroToRKH, i KOTOpEI MoCaExyIOMeR MeXaHHSECKOR OBPAGOTECH MIFOTIETIEAIOT
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merann. OGpaGaTsmaenocTs pesaHHeM YTy9maercs NpECATEOR B COCTAB JATYHH CBEMIA.
‘sanpmiep, 2aTyRs Mapsar JIC39-1, KOTODYIO RAZHEAIOT “GBTONATHOR TATYESH

JlaTysm HuGIOT XOPOIIYI KOpPOSHOREY CTOMKOCT, KOTODYI MOXHO MOBSCHTS
FonommmTeTsHO mprcazxoii onosa. Jaryms JIO70-1 crofixa mpoTHS XoPPOSHE 3 MOPCEOR
20ze 1 massmaeTcs “hoperoi TaTyEEE”

Tobaska muxens u enesa NORMEIAeT MeNaRETECKyIO HposHOCTS 70 550 MTTa

Tireiste aarymn Taxae wapsupyiorca 6yxaoi 1, llocae Gykeemmoro ofosmatenna
ocmomHOTO AermpyIOmers aeverTa (IHME) N KAAIOTO NOCTEAVRMero cTasiica mEGpR.
yEasHEaomas ero yepemensoe coxepsanne 3 cntsse. Hanpmep, zaryms TI2BAGK3Mu2
Conepxmr 23 % mmma, 6 % amowmms, 3 % meresa, 2 % upramia. Hamtyumer
saaoteryuecTso ofnazaer astyms sapsn JIII6KA. K murefimn: asrymau omsocsica
aarysn tuma JIC, JIK, JA, JIAK, TARMu. Tarefimse qarys ne crioms: & Tmsamm,
H\EIOT COCPeOTOTeRAYI YCATEy, OFTHERH HOTYIAITCR ¢ BHCOROH HIOTHOCTES.

larymn ssamoTc: XOpONNN MATeHATOM IT4 KOHCIDYMIEE, PASOTAONEN pH
oTpHmATeTEEEIS TeMmEpATYPAX.
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Puc.9.2. MipocTpyTyps! TeXSGIMECKORD Ae1ess: 3 — COTepAIEEE JT1epoa eesee 0.006%; 6
coxepaasme yraeposa 0,006...0.02 %

TEPOTMCTENI CTATEME HAEBIOT CITASH Eenes:a C JASOToNM, coepEamEe
0,02..2,14 % yraepona, saxamuHEIIONIe PHCTATTISANAID OGpA3OEAREEN AYCTERETA
(Omi 087333507 BEICOROR TTACTHSHOCTSR, GEOBEEHO 5 aYCTENITHOM COCTORNIE

Puc 93 Mupoctpysyps: cranei:a - zosstextommas crams (P41 6 — ssrexzommas crams
(EIACTUSATS H NepTHT) B - SBTEKTORIAAS CTaTs (3RPRRCTSS: TP T~ J3BTERTORIHRS CTaTs
@l

Tlo coxepammmro yTepoza I o CTPYTYPE CTATH HOAPAIETIOTCA B2 A0SBTEKTONIFELE
(U02% <C <0B4). crpymvps Geppur + mepmur (PHA)(prc93 2 serertomme
7= U35%). cxpyarspa nepau (IT), mepant stoer Garrs maacTmanTac s sepHCTacH (pc.
93 6 m 93 2); swsrextomzssee(0F% <C <419%), crpysrypa mepmmr + meesmmr
‘vopmamssi (I + 1II), mesemTiTHA CeTxa PACHOTATASTCA SOKPYT 32PeE NEpIHTa

Tlo MEKpOCTPYETYpe CHIE0P MOXHO NHSTIUNTETSHO OMPETETHTS KOTHWECTEO
Jyracpoma » cocraze cmiaza, ymETHEZAs CleIyromes: KoTMIECTEO YTACPOZa B epmmTe
Coctanaer 0.8 %,  meserTue — 6.67 %. Benay Matofl pATBCPIOCTH YTA2pOa 3 GeppuTe,
DHREAASTCR. TTO B HEM 1TIEpOIE HET.




image157.png
L]
> >
>
» .8
- »
- .
“ -
‘o ¢ [} S 5
» - a -
¥ b ‘.'.~
B4 Ay . P ~
Porswnt o 2 ,O’

Puc. 417. Bxawovenua Cu,O » npoxarausoR
negu

2. CnaaBnl MeH C WHHKOM (JIATYHH)

IIpakTHyeckoe npHMeHeHHe HMEIOT
MeJHble CnaBhl C COJAepIKaHHeEM
uHHka Jo 45 9%, kotopble Ha3h-
BAIOTCSI AQMYHAMU.

HOuarpamma cocrosiuus Cu—Zn
nokasaHa Ha puc. 418. Cioxnas,
Ha nepBuii B3rsfj, AuarpaMma
(aKTHYeCKH cocTaBJeHa H3 NATH
NPOCTHIX  MEePHTEKTHYECKHX  AHa-
rpamm.

Y cnsnaBoB MeAM M UMHKA B TBepAOM
COCTOHHH BO3MOXKHO O6pa3OBaHMe LIECTH
¢a3. Paccmorpum ux.

@-TBepAHIAA PAcTBOP IHHKA B MeAH: PACTBOPHMOCTbL IHHKA B MeAM NMPH KOMHATHOM
'rennepa'ryge paBua 39 %, oHa ue HamensieTcs npaKkTHYeckH 10 454 °C u y6uiBaer 10 32 %

npu 902
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P-TBepAbLIH DAacTBOD Ha 033€¢ COeAHHEHHA LULn C SAEKTPOHHBIM THNOM CBA3H
( YHCJIO 3JIEKTPOHOB

YHCJIO aTOMOB
pelreTky. YnopsiioueHHOe pacrnojoXXeHHe aTOMOB COXPaHAeTCA JIHIb NpPH TeMIepaTypax
He Bhiue 454—468 °C. Ilpu Gonee BHICOKOR TeMnepaType aTOMbI MeH M LIHHKAa B OGbEMHO-
LeHTPHPOBaHHOA pelleTKe PAaCNOJAraloTCs CTaTHCTHYECKH. YnopsjodeHHu#t P-TBepabiit
pacTBop oGosnayaercs yepe3 f’; p-TBepAnfA pacTBop Ha 6ase coeaunenus CugzZng aiex-

== —g-) HMeeT MNpPOCTYI0 KyGHuecKyl0 06beMHOUEHTPHUPOBAHHYIO

TPOHHOrO THNa (% HMeeT CAOXHYI0 KyGuueckyio pemrerky. Temneparypa ynopsizo-
qeHun 9Tofi dasm paBua 270 °C.

7
8 — TBepAHIft pacTBOpP Ha Gase coennennss CuZng 9/1EKTPOHHOrO THUNA (T) C rexca-

TOHaJILHOR MJIOTHOYNAaKOBaHHOA peleTKoH.

§-TBepabtft pacTBOp; NPHPOAA XMMHYECKOTO COENMHEHAS, JeXAero B OCHOBE 3TOro
TBEPAOrO pacTBOpa, He YCTaHOBJIEHA.

N-TBepALIA pacTBOp MEAH B LHHKe,

[Ipn xoMHaTHON TeMneparype NPaKTHYECKH NpPHUMeHsieMble JaTyHH
JNHG0 COCTOAT U3 OJHHX a-KpHcTansoB (pHc. 419), IH6O ABAAIOTCA CMeCLIO
a- U P-kpucraagaos (pue. 419, 6).

Mexanuueckne cpoficrBa cnaasoB Cu—Zn B 3aBHCHMOCTH OT COJAep-
XKaHHA LUHHKA npHBeleHW Ha puc. 420. ILIMHK noBLIIaeT NMPOYHOCTDb
H NJacTHYHOCTb cCnJiaBa. MakcHManbHOA IJIACTHYHOCTHIO oObJsiafaeTt
cnaaB ¢ 30 % Zn.

[lepexon uepes rpanuny oxnuodasHo#t obnact (39 % Zn) pesko
CHHXKaeT MJIaCTHYHOCTh; B-naTyHb 06sajaeT MAaKCHMaJbHOH MPOYHOCTHIO
(03 = 400 MIla) npH OTHOCHTeJbLHO HH3KOH AJs1 JaTyHeH mJacTHy-
HOocTH (8 = 7 %); y-naTyub sBAseTcs BecbMa Xpynkoit. B cuay orme-
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YeHHHIX O6GCTOATeNbcTB (MajiaX MJIACTHYHOCTB) HE TOAbLKO Y- H ¥y + B-,
HO H P-NaTYHH He HMEIOT NpPAaKTHYeCKOro npHMeHeHHs. [IpuMeHsIOTCA
JIATYHH, HMelomHe CTPYKTYPY «@ HJAH a + P.

JIuTefinble cBoficTBa JiaTyYHeH onpeaensioTcs B3aUMHBLIM pacroJo-
XKeHHeM JIHHHA JHKBHAYC M cOJNHAYC. Tak Kak JHHHH JHKBHAYC H CO-
JUAYC ISl KPpHCTaNJau3anHu a- H P-pas sexar GJU3KO OfHA OT APYrof,
TO JIHTefiHHle CBOHCTBA JaTyYHefl XapaKTepH3YIOTCA MaJioH CKJIOHHO-
CTBIO K JIHKBallMH, XOpoueR XHAKOTEKYYEeCTbiO, CKJIOHHOCTBbIO K Obpa-

30BaHHIO KOHIEHTPHPOBAaHHOH Yycapoy-
GR R B 47 WOR PaKOBHHAI H, C/IENOBATENBHO, GOJb-

470 <q_ T
o g7 ILIOH YCaAKOR.
120 Y AT JlaTyHb Jlerko MOAAaercss MJIacTH-
380 |—t5—17 H+—1s0 4ecKo# pgedopmauHu (B OCOOEHHOCTH
290 % B @-NaTyHH) H MNO3TOMY H3 JlaTYHeH H3-
21 LA \ RN rOTaBJAHBAIOT KaTaHeIH nosydabpHKar
= 20 —H—4—30 (nucTH, JAeHTH, NPodHAH H T. A.).
S Il\: I [
740 1\: I MNoBenenue pasAHYHEIX JaTyHe# npu ro-
0 I | 10 pavefi o6paGorke csoeoGpasHo. [lnacTHunbie
| TS npK XOMHAaTHOR TeMnepaTtype G-JNaTYHH OKa-
1| suBaloTcA B HHTepBane 900—700°C Menee

0 10 20 30 40 S0 60 70  nnactuanemu, deM P-natyuH. Xors npos.

n,% HOCTb C-NaTYHH NpPH KOMHATHOH Temneparype

HWXe, 4eM P-naTyHu; npH TeMmneparypax

Puc. 420. Mexanxveckse csoficrsa BHire 500°C P-narynn oxasmBaiotes Menee

cnzasos Cu—Zn npounniM¥ u Gosee nuactuuneimH. [lo sroft

npHYBHe ANA NPOKAaTKH B ropaYyeM COCTOSHUH

HanGonee NMPHUrOAHK NAaTYHH € TAKHM cOfepXKaHHeM LHHKA (Gonee 32—39 %), yrob6u npu

BBICOKOH TemnepaType CTPYKTypa coctoana 6n u3 @ -+ P- unu P-xpucraanos (cm.

puc. 418). HaoGopoT, Anst NpOM3BOACTBA TOHKHX JHCTOB H NPOBOJIOKH (T. €. AAA gedopma-

UHH B XOJIONHOM COCTORHHKH) Leseco06Pa3HO NpHMeHeHHe AaTyHel, o6nanalomwUX MaKCH-

MaJIbHOR MJIACTHYHOCTBLIO MPH KOMHATHOR Temnepatype (T. e. OfHODa3HLIEe G-AATYHH C CO-
AepXaHueM LHHKA OKOAO gO %).

BpenHoe BaHAHHE Ha cnoco6HOCTL K RedOPMalKRK B FOPRYEM COCTOSHHH OKa3nBaeT
Sarps3HeHHs NAaTYHH BHCMYTOM M CBHHUOM. [IpHuMHy chaepyer HMckatsb B 06pPa’soBaHHH
JIErKOnNaBKHX BKAIONEHHA STHX MeTannoB no rpakuuaM 3eped. OAHAKO BpeikOe BIHSIHHE
CBHHEUl OKashBaeT TOJbKO HAa X-JaTYHb, He HCNHTHBALOWYI0 (a3oBLIX NpeBpalleHHH
(Zn << 32 %). Ipn conepxanun uunka Gonee 32 % cBumel, pacnoAaraiomuiics no rpa-
HUUAM 3epeH, B pe3y/bTaTe NepeKPUCTAANK3aUHU & — B OKa3LIBAETCT BHYTL H 3eDeH H He
Mettaer 06paGoTke RaBneHHeM. [losToMy B natyHsax ¢ copepxanuem 32—38 % sarpasue-
HHe CBHHLIOM MOXCHO RONYCTHTb B SHaWHTENbHO GONBIUIHX npefenaxX, a NPH COREPKaKHHH
Goabie 38—40 % Zn cBuuen BBOAAT yMuitugenHo Ro 1—2 %, Tak Xak TakHe JN&TYHH
06pabaTHIBaIOTCA JaBjaeHHeM B ofiHOpa3HoM P-COCTOSAHMM M CBHHell He NPEensTCTBYeT
JaTYHH naacTHueckH fepopmuposarsea. OpHoBpeMenHO 060co61eHHEE BKIIOYEHHA CBHHIA
NMOBHIMIAIOT 06pabaThiBaeMOCTL PEXYIIHM MHCTPYMEHTOM, WTO OGJerdaer CTPYXKOJO-
MaHHe.
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Jlatynn Mapkupyior 6yxso#t JI, 3a xoTopo#t cirenyer uudpa, noka-
3uBaollass CpefiHee CONEPXKAHHE MelH B cnjiaBe. TaK Kak UMHK [iemeBne
MeJlH, TO yeM G6oJjbuie B JIaTYHH lHHKA, TeM OHa AelueBJe,

[IpakTHuecKH NpHMeHsieMhle JIATYHH B 3aBHCHMOCTH OT CTPYKTYPHI
NPH KOMHaTHOH TeMnepaType pa3nesIfAioTCA Ha JABe KaTeropHHU: a-sa-
TYHH H @ + P-naTyHHU; a-jaTyHH conepxkat Meau He mexee 61 %. Mapku
3THX JatyHeR JI62, JI68 u ap. KX H3roraBAMBalOT B BHAE TOHKHX JIH-
CTOB, JIEHT H APYIrHX nosycdalbpHKaTOB, ¥3 KOTODHIX IUTaMNnyloT pas-
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JNH4YHBIEe JeTalH. a-JlaTyHH c GoJiee BLICOKHM coflepkaHHem Mmefu (JI80)
MMEIOT LBET 30J10Ta, ¥ HX NPHMEHHAIOT JJis IOBEJIMPHBIX M NEKOPaTHB-
HblXx H3lenuii. TakHe JaTyHH, coaepikauide BBICOKHHA IPOUEHT MejH,
Ha3bIBAIOT MOMNAKOM.

Jlatyuu a + B comepxkar 55—61 9% Cu; Haubojiee pacnpocTpaHeH-
Hasi Mapka JI59; M3 JaTyHH 3TOH MapKH H3roTaBJIMBAIOT NMPYTKH, a U3
HHX ¢ noMowplo 00paboTKH pe3aHHeM — pasjiHyHble JeTalH.

MexaHHyeckas MNpPOYHOCTb JiaTyHed HeBhIcoKa. [na a-natryHeft
XapakTepHH CJelylollHe 3HaueHHs] MeXaHHUYeCKHX CBOHCTB: Op =
=300 MIla; 6 =40%, a + P-naTydH HMeEIOT HECKOJbKO GOJbINYIO
npoyHocTh (G = 350 MIla), Ho Menbmyio niaactuyHoctb (6 = 20 %).

KpoMe npocThiX JiaTyHeH — CIJIaBOB TOJIbKO MeAH W UMHKA, NpPH-
MEHSIIOT clelHa/bHhEe JAaTYHH, B KOTOPHIX ANSl NPHIAHHS TeX HJH HHHIX
CBOHCTB JAOMOJIHHTEJbHO BBOLSIT pas/IHYHLIE 3JIeMEeHTHl: CBHHell IJIs
yayumeHuss obpabateiBaeMocTH (saTyHb Mapku JICS9 comepHT OKOJIO
40 % Zn u |—2 Y% Pb, Tak HasnBaemas agmomamuas Aamyrs), OJOBO
IJ1si MOBHIIIEHHS] CONPOTHBJEHHS KOPPO3HH B MODPCKOH Boje (TaK Hashbl-
BaeMasl MOPCKAs AQMYyHb), allOMHHHH M HHKeJb s NOBLIIEHHs MeXa-
HHYECKHX CBOHCTB H T. 1.
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Artomurucole 6pOH36. NPHMEHAIOT IJIfl HM3rOTOBJIEHHS DPA3MHYHEIX BTyJOK, Ha-
NpaB/sIOIWKX cefles1, QIaHIeB, IeCTepeH U MHOTHX ADYFHX, NMPeHMYIIECTBeHHO MeJKHX,
HO OTBETCTBEHHLIX AeTanef.

Puc. 427. MHKpOCTPYKTypa anioMHuHeBo# Gpowant ¢ 10,5 % A}, X 100:

a — nocne meaneHHoro oxnaxifienus ¢ 900 °C (o 4 3sTexkTora): 6 — nocae GHCTPOro
OXN@XKAEHHS (MBPTEHCHT)
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Amorunuessie 6porss, BpAK9-4, BpAK9-4]1, BpAXH10-4-4.

Bpomsat ¢ cozepramner amomms 20 94 % meenr omodamce cipossne G
Teepacro pacrsopa. lip cozepaasmmn asiosmsnz 9.4...15.6 % CrTams: CHCTeNS! MeZb —
amommn AEyxgassse 1 coctorT 13 @ n - gas

Ommmassnar ceofiersanr oGaaTaor amo\mEResste Spomssi, conepaamue 5.8 %
amovmmns. Veamsente cozepranns amoummns 20 1011 % scaescrane moserens A
R N L gem—————
Tomommresoe NosIeze MPOHOCT 273 CHIAE0E ¢ coTepramney aomn 89,5 %
e

TI020A0Te TsHale OCOBERHOCTH ATOMHAHERSIX 6OR? O CPABHERHI0 € OTOBAHRIL:

* AEHLIIZS CRTONHOCTS ¥ By TpHEpHCTOTTIECKOR THKBAIIE;

« Goee BHICORAR NPOHOCTS B AAPONPOTHOCTS;

« AEHUIIZS CRIOHHOCTS K NTAIOTONEOCTE

Ocnossste nezocTaTEn amoymmHesss Gpor:

«smaTemsaas yeama

« CHIOHHOCTS X 05paI0BANIIO CTOTCUATEIR KpHCTATIOS HpH KPHCTATTIGAINN B POCTY
3epa npm Harpeze, TT0 OXPYRIEEAST cnIIE;

« CHTBHOS TasoTOrIOmeRHe XKL pAcTIAR

» canooTayer mp MeATemHON oxTaE eI

* HeT0CTaTORAR KOpPOSHORNAE CTOMKOCTS B NEpeTPeron: Iape.

Tax yorpasmemns STIX HeAOCTATEOR CHIAEE! AOTIOTHNTETSHO TSFHPYIST MAPTANISN,
emeson, mmenen, CommION.

M2 amoummmessx  OpoR:  HNOTIBINBANT  OTHOCHTETSO  MeTEH,  HO
SHCOROOTESTCTRSEEME 1eTAS THEA WecTepeR. BTYIOK, (laEes IETiex H oGpaGoTEOR
amnemess. Vs Gpomse: BpAS MITaMmOBKOR ITOTARTHERIOT METATH I METEIS PAMERETIO
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Orosannsie Gporsel [IpH CATABIEKII MEH € OTOBOM 0GPATYIOTCA TBEPIE PACTEOPEL
It conasn Owemb cIToME X TEESUME H3-a GOTSHIOTD TeMTEpATYHOTO ETEpERTA
EpHCTATES AR, BAAOIPE TXBALNI CIIATE ¢ COTPRAMIEN 07053 BRI 5 % IieRT 2
cTpyaType seTeRTORTAYI0 cocTaBTOmYI0 (@ +A), COCTOATIYIO H2 MATEO i Tepao Gaz.
Taxoe crpoene 32a3eTcs GIATORPUATHS 373 eTaTeR THIA HOTMMIRNECE COTSXSHEE.
STEST $3%1 OGECHERNEACT XGOWYIO MHPAGATMEAMOCTS, TEGPIME WACTHIB COMTAT
mmococtoixocTs. TIosTony oosammnie Gpom3EI T2IHOTCS XOPOLINI ARTHEPHENIONEN
Jr——

Oncesmmsie Gpomsst mier mEy ofsemyo yeamy (oxoto 08 %), mostony
enoTsyIoTes £ KyAoRecTRemHON THTE

‘Hamte Gocgopa ofeceuEaeT SOPOMIyID AIIKOTER TECT:.

‘Onossmmste Gpomse: MoTpasaeTOTCS Ba AeopHupyeIsle 1 AuTeRHIE

B degropuippenix Gponaay colepAImES GIORA e IOTRHO peRNmATS 6 %, 1t
oBecmenesa seoGxommoH mracTiHOCTE, FPO$6.5-0.15.

B 3mNCHMOCTE OT COCTARA IefOpMHpYeMe OPORI OTTHNAIOTCA BECOREME
ENARIECKIE, ANTHEOPpOSMOHHENL, AWTHOPHNINOREDN B YDYTINI cooRCTERME. T
HCIOTS3YIOTCA B PANTHSRA OTPACIEX MPOMSIIRRROCTH. 3 STHX CRIAROR MAOTABTHRAOT
IpyTER, Tpy6es, JeRTY, TPOBOTOK
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Jumeiineie otoaannsie Gponsw, BpO3LTCSHL, BpO4LACL7. mpmuenmorcs zia
mroToRTeRmA MapoEeIROR GPHATYPR W AT1 OTMMEOK ANTHGPUKINORFSIS ATatch THmA
BTYIIOK, BeHIIOB HepBAMHS KoAeC, EKAA 5l 1O TUHIHHEOE.
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3. Cnnasnl menu ¢ onosom (onoBaHHCTHIE GpoH3IH)

[IpH H3y4yeHHH CTPOEHHSI MeJHOOJIOBSIHHCTHIX CMNJIZaBOB (OJIOBSHHCTBLIX
6poH3) cJefyeT B MepByl0 ouepeib oOpaTHTbCc K cHcreme Cu—Sn
(puc. 421).

HOuarpamma ! Cu—Sn, kak u Cu—Zn, npeacraBiaseTr coGofi KoMGH-
HalHI0 HECKOJIbKHX NEePHTEeKTHYeCKHX JHarpamm.

B cucreme Cu—Sn B TBepiOM COCTORHMH BO3MOXHO 06pasoBaHHe CleAylomHXx ¢as:

a-TBepJABIA PacTBOp OJIOBA B MeAlH; SN — MOYTH YHCTOe 0N0BO. PacTBOPHMOCTL MERH
B osioBe, BeposTHO, MeHbiue 0,01 % 4 Ba auarpamMe He ykasaua; P-teepablfi pacTBop Ha
Gase P-snexrponHoro coeguHeRust CugSn. IIyHKTHpHas JHMHHS NOKasLBaeT NPOLECC
ynopsigouenisi; 6-anexrponnoe coegurenne CugySng; y-TBepAHfi pacTBOp Ha 6a3e XHMHue-
CKOrO COefHHEeHHs MeAM M onoBa. Kpucrannuueckas cTpyxTypa ero nopoGxa O; -e-siek-
TporHOe coegHHeHHe CugSn; 1 — xumuyeckoe coezunenne CugSng,

CTpykTypa JHTHIX MEIHOOJIOBSHHBIX CIIJIaBOB 3HAYHTSJNbLHO OTKJIO-
HfieTCs: OT PaBHOBECHOro COCTOSIHMS®, MO3TOMY yKe B ClJjiaBax, COAep-
Kamux 5% Sn u Gonee, B JHTOM COCTOSSHHH OGHapyxHBaercs 8-¢pasa
B BHJE 3BTEKTOHAHOHN cocTaBhsioued (sBTekroun obpasyeica npu 520 °C
M HMeeT KOHueHTpauuio 26,8 % Sn).

OroxxxeHHasi 6pon3a ¢ conepkaHueMm n0 14 % Sn mosxHa COCTOATDH
Mo CTPYKType H3 OLHOPORKHOro o.-TBepjaoro pactBopa (pHc. 422, a).
B snuTtoMm xe BHAe cTpYKTYpa OGpOH3H, comepame#h o 5—6 % Sn, co-
CTOMT H3 HEORHODOAHOro TBEPAOro pacTBOpa o, HMelowero, Kak y Ju-
TOro Mertajja, JAeHAPHTHOe cTpoeHue (pHC. 422, 6).

[Ipu coxmepxanuu onoBa Gosee 6 % HapAdy c HEOLZHOPOKHHM pacT-
BOPDOM BHYTPH YYacTKOB 3TOro pactBopa, 60Oratoro OJIOBOM (chBe'r.nblx
y4acCTKOB), pacnoJjaraercs 3BTekTouA a + O (puc. 423). ¢

Hanuuyue xpynko#i 06-pasbl HCKIIOYaeT BO3SMOXHOCTb NPOKaTKH,
MO3TOMY, 33 HCKJlOueHHeM OpoH3, cohepikauiHXx HebGosbioe KoJHYecTBO
oJioBa (nmpHMEHseMBIX penko), OpoK3a, OOHYHO cojepxxamas GoJsee

! Duarpaumy cocroanuus Cu—Sn u3ydwann MHOTOYMC/EHHEe HCCAEfOBATeNH, HO
H3-32 SHAYMTEJLHOH CJOXHOCTH (0co6eHHO B pafloHe xosueHTpauun 20—50 % Sn),
a TaKxXe TPyAHOCTEH ROCTHIXKEHHA PaBHOBECHOTO COCTOSIHMA (BBHARY MaliOf CKOpOCTH AH}-
¢ysuu osoBa B MenH) Bompoc O REeACTBHTENLHOM pAaCNOJIOKEKHH JIMHHH PaBHOBECHS H
npupone ofpasyiomuxcsa (a3 eme He paspewreH. YKaxeM, Hanpumep, 4TO B pabore
C KouoGeeBckoro pacTBOpHMOCTb 0JIOBA B MeRM YCTAHABJIHBAaeTCA 3HAYHTEJNBHO
MEeRbllle, 9eM 3TO YKasaHo Ha puc. 421. Takux pesyabraToB aBTOPH AOGHJIHCL, NpHMe-
HAR AHPPYSHOHHEIA OTXKHT upesBniyafiHo Gosablioft AauTenbHOCTH. Jlas aunanausa cTpyk-
Typ (peanbHuX) GpoH3 yRoGHee NoOJb30BaTbCA RMarpammoii, npuBefieHHOR Ha pHc. 421,

gpuqm;g OTKJAOHEHHR OT pAaBHOBECHOTO COCTOSSHHA Y JHTHX CNAaBOB CM.
pra. V, n 10.
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Puc. 421. OduarpaMMa cocrosiausn Cu—Sn

Pic. 422. CTPyKTypa JHTO# 6pOH3H C 6 % Sn, X200
a — nocJse oTxura;, 6 — nO OTXKHra
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5—6 % Sn, He NMpoOKaThHiBaeTCs H HE KYyeTcsi U ee NMPHMEHSIOT B JIHTOM
BHIE.

Bhicokne suTeliHnle cBoficTBa GPOH3 ONMpefesIlOTCS HCKJIOYHTENbHO
Majoi ycaiKko#, KOTOPYIO MMeIOT 6POH3HI. YcalaKa OJIOBSHHCTOH OpOH3bI
menbme 1 %, Torna kak ycanka JatyHe#t M yyrysa — oxkoso 1,5 %,
a craneft — Gosee 2 % . HanGosee ciioxHble N0 KOHPHTYPAlLMH OTIHBKH
(8 TOM YHCJIe XYJ0XeCTBEHHOe JIHTbe) OOLIYHO H3rOTaBJAHBAIOT H3 GPOH3HI.

JKunxorekydyecTb GPOH3bI HEBEeJIHKa H3-3a GOJIbIIOH pasHHLBI B TEM-
nepatypax MexAay JHHHAMH JHKBHAyC H coaupyc. [To aToft ke mpuyuHe

4900
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3500 'gf : 50
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(5] t
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S | |
I\ |
700 }— ‘\ AY 10
[T S

0 10 20 30 40 50
Sn%

Puc. 423. CTpykTypa aurof G6pon3nl ¢ 10 % Sn, X200

PHc. 424. MexaHuveckue cBoficTBa cnaasos Cu—Sn

6poH3a He JaeT KOHLUEHTPHPOBaHHOR ycajoYHO# paKOBHHBI H AJS OT-
JIHBKH H3 ODOH3 BBICOKOH MNJIOTHOCTH (paccesiHHbE yCafOYHbIE MOPbI MO
BCeMY OGTeMy OT/IHBKH IOHHXKAIOT ee FePMEeTHYHOCTh, B TO e BpeMs
3T0 O6CTOSITENIbCTBO OMNpeAejsieT ee MOHHXKEHHYIO NJOTHOCTb H Malylo
ycajKy) OHa He TORHTCH.

BansHne osioBa Ha MeXaHHYeCKHe CBOHCTBA MelH aHaJOrHYHO BJIHSA-
HHIO IMHKa, HO mposiBjsieTcs Gosiee pe3ko (pHuc. 424). Yxke npu 5% Sn
MJIaCTHYHOCTb HayMHaeT NajaTh.

B nurtoilt 6poHse HajuyHe BKJIOYEHHH TBEpAOro 3BTEKTOHAa obecrne-
yHBaeT BLICOKYIO CTOHKOCTb TNPOTHB HCTHPaHHs, NO3TOMy OpoH3a
c 10% Sn saBasercs JAy4YywHM aHTHOPUKUHOHHEIM MaTepHasloM H ee
NPHMEHSAIOT KaK MOMWMNHHKOBBIA CIUIaB.

Baarojapsi BHICOKOH XHMHYecKO# CTOHKOCTH OPOH3 H3 HHX H3ro-
TaBJHBAIOT apMaTypy (napoByio, BOAsHYIo H np.). Takum o6pasoM, oc-
HOBHOe mnpHMeHeHHe OPOH3 — CJIOXHhle OTJIHBKH, BKJAAbIH MOALIAMN-
HHKOB H IP.

Ons ypemeBNeHHst B GOJILIIHHCTBO MNPOMBILIJIEHHBIX OpOH3 R06aB-
asor 5—10 % Zn. LiuHK B 3THX KOJMYecTBax PacTBOpsieTC B MeIH H
He OKa3hlBaeT CYIEeCTBEHHOro BJIHSIHHS Ha CTPYKTYDY.

HOans nyuymelt obpaBaTniBaeMocTH B 6poH3y BBomsaT xo 3—5 % Pb,
KOTOpHLIH NPHCYTCTBYET B BHJE OGOCOGJEHHHIX CBHHUOBBIX BKJIOYEHHH,
obneryalomux paspyumeHHe CTPYXKH.
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Ta6aunua 125 Cocras n cpoficTea NexXOTOPHX ONOBAHNCTHMX Opons

Mexany-
Conepxxanne snemenron, % qeckue
csoficrna
Ocnosnoe
Mapxa Gponsn nasgadenne
Sn Zn Pb | Ni P zzx'{a 8"
BpO10 9—J1| — —_ —_ — | 250 | 5| Choxnoe aurve,
NOAWIMITHKKH, lle-
CTepHM
BpO10-1 9—11} — — — 0.82— 250 | 5| To xe
BpOlLICH 3-7-5-1| 2,5—4 | 6— | 3—6 |0,6—] — | 200 | 10 | Bonasas un napo-
9,5 2 : Bas apmartypa,
H1eCTepHH
BpOLC 5-5-5 4—6 | 46|46 — —_— 170} 8| To xe
Bp-1 4—7 | 5—8| 1.4 — — | = | — | Xynoxecrseunoe
AUTHE
BpO® 4-0,25 3,5—4 —_ — — |0,1—| 350 | 50 | Jlucr, neunra, npo-
0,25 Bonoka (o6paGaThi-
BaeTCR JAaBJaeHiueM)
BpOll 4-3 3,5—4 2,37;— —_ —_— — | 320 | 40 | To xe

®ochop BBOAAT B OpPOH3Y KaK DPaCKHCJIHTEJIb H OH YCTpaHseT Xpyn-
KHe BKJIOUeHHSI OKHCH oJsioBa (SnO). ITpu Hanuuuu okoso | % P Takymo
6poH3y 4acTo HashBaloT ¢hocgpopucmod.
Bpon3dy MapkupyloT HayaabHuIMH OykBamH Dp, 3arem caepyior
6YyXBhI, NOKAa3LIBaIOIUE, KaKHe JIErHP YIOLIHE SJIEMEHTH! cOJlepPXKHUT 6POK3a,
a NoToM UHOPH, NOKasbLIBAIOUIHE KOJAHYECTBO STHX 3JIEMEHTOB B LIEJBIX

MPOUEHTaX.

B Tabn. 125 npuBefieHH cocTaBW HaHGoJiee NPHMEHSIEMHX B MNpo-
MBIILJIEHHOCTH OJIOBAHHCTEIX GPOH3 H NpHMepHble MeXaHHYeCKHe CBOii-
CTBa STHX OpOHS IJ1s JIHTHIX B 8SeMJi0 oO6pasioB.
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C POCTOM COTCpAAHHA YFIEpOIa B CTPYKTYPe CTATH YBETHTHBACTCA KOTHICCTBO
HEMEHTHTa, MPH OTHOBPEMEHHOM CHEXEHHH I0TH eppuTa. Il3eEeHHe COOTHOMeHHT
MEATY COCTABTAIOMIMMI IPHEOTHT K YMeHBIIEHAR0 ITACTHYEOCTH, 3 TAKAE K MOBSIIIEHNI0
npoHoCTE & TeeprocTH. TIpOTHOCTS TOBHIMAETCH 10 COTEPAARHA YTIEPOTa 0K0T0 1%, 4
3ATM ORA YNEHBMAETCA, TaK KAK OGPA3YETCA IPYGAT CETKA HIeMERTHTA BTOPHTHOTO.

VrTepox BmseT Ha BE3Kie CEOMCTEA. VEETIeRHe COTPAAENS YI€POIA MOBHIMAET
TIODOT XTATOTOMKOCTH H CHITAAET YIAPEYE0 BA3KOCTS.

TIOBSIMANTCE 3TEKTPOCONPOTHBTERHe 1 KOSPUNTHERAS CHIA, CHIAOTCE MATHHTEAT
TDOHHIAENOCTS H IITOTHOCTS MATHHTEOR HEIYKIHE

VIlepox OKABAST BTHSEHE H Ha TeXHOTormeckme ceoficrsa Ilossmerie
COTepXAREA yTIepoTa yXyImaeT THTeliEste CBORCTEA CTaTH (HCHOTIRTCE CTATH C
corepxasme yrrepoma Zo 04 %), OGPACATHEAENOCT ABTEHHMEM H PESAEHeM,
ceapuBaeMOCTS. CTeIyeT YINTEIBATS, 9TO CTATH C HHSKID! COTEPAQHNEM YTIEpOTa TaKKe
II0X0 06Pa0ATHEBAITCE PE3aHHEM.
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B cTatax scerza MPHCYTCTEYIOT NPHMECH. KOTOPHle JETATCA HA 9ETEIPE TPYIEL
1 ITocmossssie npuvect: KpeMEi, Mapraget, cepa, ocdop.

Maprasterr 1 kpeMsmit BSOIFTCE B MpOTIECCe BEILIABKI CTATH 114 PACKHCTEHEA, OKE
TBTHOTCH TEXHOTOTHAECKINH IPHAECAME.

Conepxasme Maprazna e npessimaet 0,5...0,8 %. Maprasen MOBSImaET TOSHOCTS,
He CHITKAS IIACTIHOCT, I PE3KO CHILKGET KPACKOTOMKOCTS CTATH, BSIIBAHEY0 BIHHHEN
cepst. O CTIOCOBCTEYT YeRBIIeRIO COTepAAHIE CyTodRIa AeTesa FeS, Tak Kak oGpasyer
C cepoit coemeste yTs Qi Maprama MnS. UaCTHIG! CYT5HIA MAPTAKIIA PACTIOTATAIOTCR
B Bile OTICTSHAIX BKTOWeRH, KOTOpHE IeQOPMEDYIOTCR H OKAJHBAKTCH BSITAEYTED
BI0TH HATIDABTEHIE IDOKATKH.

Conepxasme kpeymns me mpessimaer 0,35..04 % Kpeuswh, Ierasmpys Merair,
MIOBSIMAET MIOTHOCTS CHTKA. KpEMEHH PACTEODRETCE B GeppHTE H MOBSIIAST MPOTHOCTS
CTamm, ocoSeHEO MOBMIETcH mpelen Tekydecta, . Ho HabTomaeTcs HexoTopoe
CHIKCHIE ILTACTHROCTH, "TT0 CHIUKACT CTIOCOGHOCTS CTATH K BEITTAKE
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Conepxanme ocdopa B cramn 0,025..0,045 %. Pocgop. pacTsopaacs B deppaTe.
HCKAXGET KPHCTATTIECKYH DEMTKY H YBCTHTHEAET Tpelel OPOTHOCTH lf Mpetel
TEKYIECTH O, HO CHIEKRET ILTACTHYHOCTS H BAIKOCTS.

PacroTArascs BOTHSH JepeH, VBCTHSHBAST TEMIEATYPY MepEXOIA B XpymKOE
COCTOMHEE, BSIHIBACT XTATOTOMKOCT, JMEHBIIACT DAGOT PACTIDOCTPARESHA TPEITHE,
Tossimeste cozepaarns ocopa 5a Kaxayk 0,01 % IOBHIMGET TOPOr XTATOTONKOCTE Ha
20..25°C.

Docgop 067TaTaCT CKIOHEOCTRO K THKBAIMH, TOSTOMY B HEHTpE CTHTKA OTIETSHAIE
YURCTH HMEHOT Pe3KO MORMACEHYI0 BAIKOCTS

115 HexOTOpEIX CTaTei B3MORHO yBeTieHHe cotepazns docdopa 10 0.10..0,15 %,
1% YTy IImesns 0GPACATEIBACMOCTH peSARHEN.

S~ YMEHBIAETCR MIACTIHOCTS, CBAPHEASNOCTS H KOPPOSHOEHAS CTORKOCT. P—
HCKAAET KPHCTATTHNECKYH0 PEMETEY.

Conepxasme cepst B CTATEX cocTastseT 0,025..0,06 % Cepa — BpeTsas mpmMecs,
momamaer & crams ms ayryEa. TIpn BIMMOTCHCTEME ¢ A€Te30M OGpaIyET XMmMEIecKoe
coemmmente — CyTodm Cepst FeS, KOTOpoe, B CBOK OYepeTs, OGPAVET C AETEIONM
TeTKOMTIBKYR0 BTEKTHKY C TeMMepaTypOi miapTenns 985°C. TIpw Harpese MOX MPOKATKY
HTH KOBKY 3BTEKTHKA IIABHTCA, HAPYIIAROTCE CBANE MAIY 3epHAME. TIpi Teopammn B
MECTAN PACIOTORHIE SBTEKTHEH BOIKHKAIOT HATPSISE! i TPEMIHES, JATOTOBKA PAIDYMAETCR
~ BTeRHe KPACKOTONKOCTIL.

 KpacHoI0\KOCIE — TOESIMISHHE XPYIEOCTH NpH ESICOKHX TEMTEPATYPaX.
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Cepa  CHEAAST MEXAHHUECKHE CBOHCTEA. OCOOSHEO
naacTiEOCTs (91 ¥), 3 Tak e mpeled suEocTHBocTE. OFA VX
KOPPOSHOHEY 0 CTORKOCTS

2. Crpaimeie npuecu - Tasst (al0T, KHCTOPOL B0Z0POX) — MOMATART B CTATH K
BumTaske.

A30T i KHCTOPOT HAXOTATCE B CTATH B BUIE XPYIIKIX HeMeTATTHYECKHX BKTOYEHHH
oxuc108 (FeO, Si0, A1Os ) mmTpuzos (Fe :N), 5 BHIe TEEPIOTO PACTEOPE HITH B CBOTOTHOM
COCTORHAE, PACTOTATARCH B JeeKTax (PAKOBHHAY, TpemIHAY)

Tipmvecn szetpesms (asor N, KicTopox O) TOBMIMANT MOPOT XTATOTOMKOCTH X
CHI2IOT COMPOTHETERHE XPYTKOMY PaspyImesiio. HeMeTATTIecKHe BXTERNS (OKHCTSL,
NTPHIS), SBTA%CH KOHIEHTPATOPAMH HANDEAEHHE, MOTYT JEATHTETEHO MORHINTS MpeteT
BHHOCTHBOCTH i EE3KOCTE.

OfteRs BpETHED SETRETCH PACTBOPERESIE B CTATH BOZOPOZ, KOTOPS SEATHTETSHO
OXpyHEaET CTaTs. Of MPHEOTHT K OGPAIOBAHNI B KATARHEIX JATOTOBKAX H MOKOEKAX
drorenoe.

70KeRE — TOKHe TPEMIHHEL OBATEHOM HTH OKPYTTOR GOPMEL, MMENOIHE B HITOMe BHT
IIETeH ~ XT0MTbeB CepeGPHCTOro MBeTa.

MeTal1 ¢ (OKeHAME HeTof HCMOTHIOBAT B MPOMIITEREOCTH, N CBapke
06pasyIOTCR KOO TEIE TEMHHS! B HAITABTEHHOM H OCHOBHOM MeTaTTe

ECTH BOIOpOX HAXOTHTCE B MOBEPXHOCTHOM CT0€, TO OF YIATAETC B PE3yTSTaTe
sarpesa npw 150...180°, Tyame B BakyyMe ~ 107, 10730¢ pr. cT

VIAPHYE BEIKOCTE Ay H
130T CBAPHBACHOCTS B

11 YIQ7€ RS CKPEITEIX IPIecelt HCTIOTo3yI0T BAKYYMUDOBAKHE.
3. Chieyuatonsie npuveci — CIEHATSEO BBOTATCK B CTATh 114 MOTYIeHMS 3ATARHE
cBoficTs. TIpHMECH HAsSIEAOTCA TETHPYIUIEME STEMEHTAMH, 4 CTATH - TeTHPOBAHHEE

cranmum.
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Yanepooucmeie cmanu 06sikHOBeHHOZO Kayecmea (FOCT 380).

(CraTH COTepAAT MOBSIMEREOE KOTHTECTEO Ceps i docdopa

Maprmpysotes Cr.25, BCr 3m, BCT 3me, BCTden

Cr — HHAeKe TaHHO rpyAMS: cTaTH. Ludpsl OT 0 30 6 - 370 YCTOBHAI HOMEp MapKH
CTaTH. C yBeTHNERHEM HOMEDA MaKH BOIDACTACT IPOTHOCTS H CEIAGETCH IIACTHTHOCTS
cTan. TIo TAPARTHAM NP TIOCTABKe CYIIECTEYeT TpH rpymmst crated: A, b B. J11% cTated
IPYNOE A MDH MOCTABKE FAPANTHDYROTCE MEXAHHTECKHE CBORCTEA, B OGOIATEHIN HEIEKS

Tpymms A e yxassreaercs. 114 CTatelt TpYIns! B TApARTHpYeTCH Xmvirdeckuit coctas. 1118
CTa%el TpyME! B NP MOCTABKe TAPARTHDYIOTCA H MEXARHTECKHe CBORCTBA, H XHMATECKHE

cocras.
METeRCEL KT, TIC, CIf YXASIEAIOT CTEMeRS PACKHCTEHROCTH CTATH KII - KIIAIIAZ, TIC -

OTYCHOKOMHAL, CII - CIIOKOAHAA.
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Cnaaes xeaesa ¢ YIAepoIodM, COACpAAMHe yriepoda Goaee 2.14 % (a0 6.67 %).
3AKANTHBANIEE KPHCTATTHSNIGO OGDAIOBAEHEN IBTEKTHEN (TeleGYPHTA), HAIHBANT
ayryEam

HaTiree TeTKONTABKOrO 1e1eBYPHTa B CTPYKTYPe IYTYHOB MOBSIMGET KX THTERHSIE
csoficsa.

SIyTyESL KPHCTATTHSYHOINMECE B COOTBETCTEHE ¢ THATPAMMOH COCTOSHEA KeTeo —
IIEMERTHT, OTIAITCS BBICOKO XpYMEOCTEto. LIBeT M H3103a — cepedpreTo-Gemsti. Takme
YTYHE RASSIEAOTCE GeTEIME TyTYRAME,

MAKpOCTPYKTYPH GeTBIX TyTYHOB IPEACTABICHS! Ha piC. 9.4.
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C i
Pac. 9.4 Minpocrpyarypa Gemcs syryo: -~ 2ospresTaveckn et wryu{TH T8 2); 6
evexmmeceat ot sy (1, o - srensecs e ey W)

Ilo ommiectey yrieposa & DO CIPyKIype Gele SyIyE! MORpAIETTOTCE EA:
JosBTexTacckHe (2MY% <C €4), CIDYKIYPA MepTHT + IeleOYpHT + LeMHTHT
BToprmsiit (7+7+1): serextmteckue ['=4¥4), c1pykrypa nexedyput (1) (prc. 9.4 6);
sptexTieckie (1% <C <66T), CIDYKTYpa TeleGYPHT + HeMeHTHT MepEmHS
(T+44;) (puc. 9.4 ).

B CIPYKTYPe A0SETEKTHMECKX GTSS IYTYHOB NPHCYICIBYET IEMCKTHT BTODHYKEL
KOTOpEii 0GPAIYeTCE B PeIYTBTATE MNMCHEHAS COCTAEA AYCTEHHTA HPH ONTAAEHH (0
uEmn ES). B CIDYKIype NEMCHTHT BTOPHYHSA CIHBQETCS C LeMEHTHTOM, EXOTANNM B
coctas TexeGypuTa.

Paogsii cocTas crateli B YTYHOR NPH HOMATHHSIS TeMIEDATYPIN OTHE H TOT e,
OHE COCTOST M3 QepPHTA B LeueHTHTA. OZHako C20ACTEA CTaTeR N GETHIX TYTYHOR
SHATTeTsHO pamianoTCR. TAKEM OGPAOM, OCHOBHN (QIKTOPON, ONPEZETTOIIM
CBOMCTEA CILTABOB CHCTEME AE€Te30 — IEMEHTHT ABTSETCH HX CTPVETYDA.
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B 33BHCHMOCTH OT COCTOSHHA YI/IEPOIA B YTVEE PasTHIAOT:

« GeTetit YTV ~ YI1EOT B CHAIAMEOM COCTOSHHI B BHIe IEMEHTHTA, B HITOME MeeT
Ge-Tati IBeT M MeTaTTHYECKH GTeCK:

« CepET TYTYH  BeCh YTTEPOT A GOTHINAR TACTS HAYOTHTCE B CB0GOTHOM COCTORHAR
B BZe TPAduTA, 4 B CBEIARHOM COCTOSENH HAXOTHTCE Ee Gotee 0,8 % yriepoma. M3
GOTMIOTO KOTHECTEA TPAQHTA €70 H3TOM HMeeT Cepsli IBeT;

* HOTOBMEYATSI ~ 9aCTh YIIEPOTA EAXOTATCE B CBOGOTHOM COCTOSHHH B dopMe
IPaguTa, HO He Meswee 2 % YTTepOTa HAYOTHTCS & GOpMe IeMeRTHTA. Mato HCMOTs3yeTcs B
TexsmEe.
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Tpagut - 370 HoamMOPGHAT MoAHPHKALHS yr1eposa. Tak Kak rpagut cosepaut 100%
YT1POTa, 2 HEMERTHT ~ 6,67 %, To AIIKaT (a3 H AYCTERHT IO COCTaBY GoTee GTHIKE K
TreverTHTY, Fet K rpaduTy. CET0BATETSHO, OGPAIOBARHe UEMEHTHTA 3 AMIKOR Dass! i
aYCTERHTA TOTAHO HPOTEKATS Terte, TeM TpadHTa.

C Ipyrofl CTOpOHH, P HArpeBe NEMEHTHT PAVIATATC HA AT H YIIEOT
CTe08aTeTsR0, TPAGHT SBTRETCR GoTee CTAGHTEHOR Gasof, Tei HeMERTHT.

'Bo3NMOAHS 122 IYTH 0GPAI0EARI TPAGHTA B TyTYEE.

1 TIpr GTATONPHATEEIX YCTOBHAX (RATHE B AHIKOH (aje TOTOBHIX HEHTpOE
KPHCTATTH3IIH TPAGHTA I 0T€ED MeTTeHHOE OXTAKIeHHe) IPORCKOTHT HeocpeICTBeHHOE
oGpasosasie rpadHTA H3 AHIKOR Gae

2. TIpw pastokesmm pasee oGpasosasimerocs mevestira. TIpi TeMmepaTypax ssime
738°C HEMERTHT PasTaTaeTCA Ha CAECS aYCTERHTA H TPAdHTA Mo CXeMe

FeyC = 38, (C + Clpo)

Tipi TemepaTypax Hirke 736°C PasTOAERIE HeMERTATA OCYHECTBIRETCS 10 CXeME
Fey 532, [C)+ Capadun)

TIpH MATIX CKOPOCTAX OXTAKIeHHe CTeeHb Pa¥TOKEHAS HEMEHTHTA GOTIIE.
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Tpagummsamno 3 AEIKOH Ba, 3 TAKKE OT PACHATA HEMEHTHTA TEPSHYHOTO 1
IIEMERTHTA, EXOIFIETO & COCTAR 3BTeKTHKH, KAISIBANT IepausHoil criaduell spagnmisayu.

BEiTeTexie BTOPHYHOTO TPAQHTA 13 AYCTEHTA HATIBAIOT NPOMEXVINONKOIl Cmiadueil
cpagumuzayun.

OGpasosamme SBTEKTOMIHOTO TPAQHTA, 3 Takke IpaduTA, OGpajOBABIETOCE ©
PEIYIETATE HEMERTHTA, EXOIAIETO B COCTAB MEpTHIA, HAISBAOT EMOpUSHOIl Cmadueil
pagumuzayun.

CIpyXTypa 9yIyHOB JABHCHT O CTeNeHN TPAQHTH3ANEE, Te. OT TOrO, CKOTSKO
YT1€POTA HAROIHTCA B CEASNEOM COCTORER.

A\
M&’\-

N T T T
Prc. 112, Cxexn odpasopaen crpysryp mpa rpagumanmm

Beitepika npu Texmepatype GoTbme 738°C IPHEOTNT K TPAdHTH3AINN HIGHITOTHOTO
HepACTBOPHBIIEToCs MeeHTHTa. ECTH TDOTIEC 3ABEPIINTS MOTHOCTE, TO TIPH BEICOKOR
TeMTepATYpe CTPYKTYpa GYZeT COCTORTS I3 AYCTERNTA H TPAQHTA, A IOCTE OXTAKIEHNS — I3
nepTHTa B rpagHTa

Tipi He3aBepIIERHOCTH MpONECCa MepBHTHOR TPAHTHSINE, ESIe TeMTepaTypst
738°C CTPYKTYpA COCTONT H3 ayCTeRHTa, TPAGHTa H HEMEHTHT2, A EILAe STOR TeMTEPATy st —
3 IETHTA, TPAHTA K HeMERTHTA.

Tipi MepexoZe Tepe3 KPHTHYECKYRo TOSKY MPEBANICHES AYCTEHNTA B MEpTHT, X
BTepAKe OPE TEMTEPATYe HiXe KDHTIIECKOR NPHBEIST K DACTA) HEMEHTHTA,
BXOMAMEro B COCTA® MepTHTa (STOHWEAZ TpaguTHsami®). ECTH mpomece sasepimex
IOTHOCTERO To CTPYKTYPa COCTOHT i3 GeDPHTA H TPAHTA, IPH He3aBEPUIEREOCTH pOTIECca
~ 13 IepTHTa, GeppuTa B rpagHTa
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CBOficTBA CTTABA 3ABHCAT OT €TO CTPYKTYPEL. OCHOBHBIM CTIOCOG0M, TO3BOTTOMAN
HIMRATE CTPYKTYPY, 4, CTe0BATE TSRO, H CEOMCTBA SBTAETCA TEPMITECKas 0PAGOTEA.

Ocross! Tepmeckolt 0GpaoTE paspacorar Uepsos TK. B zamsmefime omm
pasemzaTHCs 5 padotax Bowsapa A A, Kypmiowosa I B., Ty1zesa AT

Tepumeckas 0GPACOTEA NEICTABIRT COGOR COBOKYIHOCTS OTIepamii Harpesa,
BEUIEDAKH H OVTAANCHI, BHMOTEREMSIX B ONEIETEHEON MOCTEIOBATETSHOCTH MpH
OMpETETERHEIX PEATMAK, € METH0 HIMEHERHE BEYTPERHETO CTPOSHNR CIITABA H NOTYIERHSE
HYASSIX CBORCTS (IDEICTABTRETCE B Birle TPAGHEA B OCAX TEMTEDATYDA — BDENE, CM. DHC.
121),

Puc 12.1. Tpagn pasaursmsrs sizos TepyooGpadorsa: oaara (1, 1a), sasaman (2, 2a), ommyesa
@), mopyammamm (4)
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1. Aleteso — nepexommli aetaan cepeSpuero-caernoro usema. Hueer Emicorym
zevmeparypy maasesmz — 1539° C 5°C.

B ToepIon COCTOREE eI MOXET RANOTMTMCE B ARV MOTIEKANEE.
Tommiopgsne mpespamesna mpomcxoast npa Texmeparypas 911° C  1392° C. Tlpx
emeparype mrxe 911° C cymectsyer Mc ofsemo-memTpHpORARROR yGiiecol
pemensofi. B mvepsaze Texmepayp 911..1392° C yerommmsne meamemes B c
rpanenemTpuposamoR xySimeckoft pemerxofi. Bame 1392° C eneso meer ofsero-
"HEHTPHpORARRYID XYSHUECKYI0 PRmIETEY N BazEaeTCA Fip LTI BHCOROTENTRPATIpROE P,
Bricootemeparypras soTapmEamia Fé, He MpezcTaBTReT coBoll HOBCH ATIOTPOMIECKOR
opas. Kpmmmmecsyro Texmeparypy 911°C mpespamestuz Fey 5 Fe, ofosmamaor Tommoft 4
- aTeumeparypy 1392° C npespamenua Ry, 4 ¥, - Tomoit s

Tip Tesmepatype mxe 768" C e1e30 (eppoMATHETHO, A EEIEIE — MAPANATHITO.
Touxa Kiop xezexn 768° C oSoamanactes 43

Keaeso texmmecxofi macromt ofmamer memscoroli Teepioctsio (80 HE) 1
‘mpowmocTa0 (wpezen mpowmocT — Pa= 20AME, npezen Texyuectn —p= 120 ) 1
BEICORIMI SAPAKTEPRCTHEAMZ MIACTNEOCTH (oTHocHTeTsoe yammmemme — A=56%. a
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PasmiaoT CIeIVIOMEE BRI TEPMIIECKOR 00padoTR:
1. OTAHT 1 po1a ~ BO3MOKeH L1% THOGHN METATIOR I CILTABOE.
Ero nposeere e 06YCTOBTERO GAI0BHIH IPEBPAIIERHAH B TEEPIOM COCTOREHH
Harpes, mpi OTANTE TePSOTO POIA, MOBHIMAS MOTBHAHOCTS ATOMOB, TACTHYEO HTH
IOTHOCTEH0 YCTPARRET XHMATIECKYHO HEOTHOPOTHOCTS, YMEHBIAET By TPERHeE BAIPEACHNS
OCHOBHOE JEAYeRHe MMeeT TEMIEDATYpA HATPEBA H EPEMS BSIPAKI XapaKTepent
SBTEETCR MeTTeRROE OXTARTeHHE
"PaSHOBIHIHOCTEMI OTANTA IEPBOTO POTA FBTFOTCH:
« Ty ORI
* PERPHCTATTIANHORHSI,
* OTAHT 1% CHATHA RANPIACHAA HOCE KOBKE, CBAPKE, THTHA.
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2. Omacuz II poda — OTAMI METATIOB H CM1aBOB, HCUHTHEAOMEX ($asossie
IIpeBPAEHNA B TBEDIOM COCTORHIN MPH HATDESe H OXTAKTEHH.

TIpOROTHTCR 18 CILTZBOB, B KOTOPEIX MMERTCE MOTHMOPHSIE HIH STEKTORIHHE
IPEBPAENNT, A TAKAE MepeMERHAT PACTEOPIOCTS KOMIOHEHTOB & TEEpIOM COCTORHAR.

TIpOBOAT OTANT BTOPOTO POTA C IETEH TOTYIeHNS GoTee PABHOBECKOR CTPYKTYPH!
HOTOTORKE e¢ K TaTsHelimell 00paGoTKe. B PesyISTAT OTAHIA HIMETHTATCH 3EPHO,
IOBSIINATCA MIACTHAROCTS | BA3KOCTS, CHIXAKTCA TPOTHOCTS M TEEPIOCTS, YYIMACTCR
0GpaGaTEIBAENMOCTS pesamHe.

XapaxTepH3yeTCA HATPEROM 10 TeMTEpaTyp BHIMe KPHTHYIECKI H OTEED MeXTEHEEN
OXTAXTeRHeN, KaK IPABATO, BMecTe ¢ Tews (prc. 12.1 (1, 12)).

3. 3aKaTa ~ IPOBOTHICE IT% CITABOS, HCTBITHIBAIOWNN (a30BHle TpEEPAIEHHT 5
TEEPION COCTOSHHH NpH HATDEBe H OXTAXICHIHN, C NeTs) MOBSIIeRHe TBEPIOCTH I
IIPOTROCTH MyTeM 0GA30BAAT HeDABHOBECHEIX CTPYKTYD (COPGHT, TPOOCTHT, MapTEHCHT).

XapaxTepH3yeTCR HATEEOM 10 TeMTEpATyp ESlle KDHTHIECKHN H BHICOKHME
cxopocTam oxTax e (prc. 12.1 (2, 23))

4. Omnyck — MPOBOTHTC ¢ HETSX) CHETHA BHYTDEHHNN EAIDEKEHEA, CHIKCHIT
TEEPIOCTH I YBETHTERHE ITACTHYEOCTH I BESKOCTH JAKATEHEEIX CTaTel

XapaxTepu3yeTCa HATEROM 20 TEMTEDATYPE! Hike KpHTAMeCKOR A, (pic. 12.1 (3)).
CKOpOCTS OXTaATeRRS poTi He Hrpaet. TIDOMCYOTRT MPEEDAMEHNS, YMEHEIA0MIHE CTENeHD
"HEDABHOBECHOCTH CTPYKTYPS! 3AKATERHOM CTATH.

Tepmrteckyso 0GpadOTEY MOIPAIETAOT Ha NpedSaUMETSHYI0 | OKORAMIETEHY

Tpedeqpumersas ~ IPHMERSETCE 1% MOIFOTOBKH CTPYKTYP! I CEORICTE \ATepHaTa
1% TOCTEIIOMINY TEXHOTOTHMECKITY oMepalnt (115 0GAGOTKH I2BTERHeM, Y1y TIIeHHS
oGpaGaTsIBaeMOCTH pesamen)

OxoH4ameTHaA — GOPMEPYET CBORCTBO TOTOBOFO H3TETHA.
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oTHOCHTeTsHOE CyAenne — 7 =8% ). CpoficTsa MOTyT HIMEHATECA B HEKOTOPEIX IPEIeTax B
SRBMCHNOCTH O BeTITIS! 26pHA.
Heteo SPUTEPIVETCR BCOMIN MOIVISN YIPYTOCTE, HAINSH XOTOPOrO
HpORETAETER 1 B CITABA HA €0 OCHOBe, OGECTETHEAR BEICORYID HECTEOCTS TeTaTel 3 TS
JHele30 Co MHOTHME 31MEHTANE OGPAIYET PACTEOPS: ¢ METATTAMH — PACTBOPH
AMEIIEHIA. C YTIEPOION, A30TOM H EOIOPOIOM — DACTECDE BHETPEHIA.




image37.jpeg
4 fﬁo,% punbiree. WW//W COCpeltpprciie
Z2 %qu)ﬁa/wm P Canitrgitrd %f = DE. yny%/m, vt~
51 Hpl
S0 Sy #ET7

7 el 3 epssn
2, Cogerunls G il st syan QO g

ol PRI I ]
- r i m s W,g/ymmu{(@x Gare e ?@///MM gzl fwxﬂ V‘ij‘
-~ ] Grratsie -

e pl s N4 WMM@//W @ag/ﬂ& Pl Sl QA 0.

— g

PR bt /foﬂér/{a@«m. P NBAATLAR. | (021 Cintronn }0 MyW/

< ForBieztt grnlin b At f/ﬂem_ - R

ILL s

s
%40»«//
;Ufj/-s«& orey it
%%’W%M%@nu&

“ «:,.:fff! / A Fapes > AL,

Cotan ~rame rie KJ%/M

|
|

| | ‘; 5 L AP T
‘ ]

| g4 e
i v 3 A Apiess

D

\7\>>k _ Gesl: /‘jv //j;m )

YO P— - e (23] i R S
[ i / H | ‘JW Yy—i<
% AL ! [ i o | ! i 05 Y Ao BAei
200 [ | qa? z | Agerenunom
| | i | | | @S0y,
{ S B ENW " 4 I S A.-»;Z«w? ! | il (i
) (mo ¢oo 1 ] e
. Zo TPk 4 gy 0Ot g9¢ @/3 % d %(/

0}49%




image38.png
INMon npoxasusaemocmero noppasymeBaioT rAyGHHY NPOHHKHOBEHHS 3a-
KaJIeHHO#H 30HH 1.

HeckBo3Hasi npokanuBaeMOCTb OGBSICHSIETCS TeM, YTO NPH 3aKaJKe
AeTa/b OXJaxJAaercsl GbiCTpee ¢ MOBEPXHOCTH H MeNJieHHee — B cepaue-

7 7

i é ;

s

.\.g; _________ 4
o ? fodepxnocme

N % \:- - —/ - //Zr

% N d UYerimp

%

% R
7. N, .
Saranemias Hesaranennan JaNaneHran T
J0Ha 30;0 0Ha 5

Puc. 233. Cxeuul, nokassiBalolHe Pa3HIHYIO CKOPOCTb OXJAAXAECHHS N0 CEYEHHIO H B CBASH
C 3THM HECKBO3HYIO NPOKanHBaeMOCTb

BUHE. [IpH 3akanKe CKOPOCTb OXJIaXKAEHHA paclpejessiercsi 10 CeueHHIo
TaK, KaK 3TO NOKa3aHO Ha puc. 233, a, NyHKTHpPHOM JIMHHER; Yy NoBepXx-
HOCTH CKOPOCTb OXJaXXAEHHSI MaKCHMaJibHasi, B LEHTpe — MHHHMallb-
Hasi. EciM KpuTHUecKasi CKOPOCTb 3aKaJIKH pPaBHA BeIHUHHE, [TOKa3aHHOM
Ha 3TO# cXeMe ropH30HTAJbLHOM NMYHKTHDHOMN JIMHHeH, TO JeTasb He Ipo-
KaJINBaeTCs] HaCKBO3b, H ray6HHa 3aKanKu OyaeT paBHa 3alITPHXOBaH-
HoMy cJjioto (puc. 233, a).

OueBHAHO, C yMEHbIlIEHHEM KPHTHUECKOH CKOPOCTH 3aKaJlKH YBEJIHYH-
BaeTcsl U ray61Ha 3aKajleHHOTr'o CJOsI, U eCJIH Ux OyIeT MeHblle CKOPOCTH
OXJlaXXJleHHs B LEHTpe, TO 3TO CedYeHHe 3aKajHTCA HackBo3b. Ecuau
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CeYyeHHe BEJIMKO H CKOPOCTb OXJIaXKJEHHSI Ha NMOBEPXHOCTH MEHbllle Uy,
TO IPH JaHHOM crnocofe 3aKajJKH CTajib He 3aKaJUTCA Jaxe Ha noBepXx-
HOCTH.

CnenoBare/bHO, 4YeM MeHblle vg, TeM TJYy6GiKe NpPOKaJlHBaeMOCTh.
IlpokanuBaeMocThb, KakK M Uy, TECHO CBSI3aHa CO CKOPOCTbIO MpeBpalleHHA
aycTeHHTa B MNEepJMT W, CJeloBaTeJbHO, C PacNoJIOXEHHeM KPHBOH Ha-
yaja npespallleHHss Ha C-guarpamme.
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Pa3qnuyalor BHYTpeHHHe HampsiXKeHUS TPeX POLOB.

Brympenrue nanpaxcenus nepgo2o poda — 3To 30HaJbHEIE BHYTDEH-
HHE HampsiXKeHHsl, BO3SHHKAIOUHe MeXAY OTAeJbHBIMH 30HAMH CeYeHHS
M MeXIy. pa3JIMYHBIMH 4YacTsAMH Aetranu. UeM GoJsbllle rpagueHT Temie-
paTyp Ho CcedeHHIO, BOSHMKAIOLUIHHA NPH TepMHUYeCKOi 06paboTKe H MeXLY
pasjMYHbIMH YacTsIMU JeTalu, KOTOPHIH 3aBHCHT OT CKOPOCTH H PaBHO-
MEepHOCTH OXJIaXKIEeHHsl, pa3Mepa JAeTaJH H PAAa APYTHX NPHYHH, TeM
GoJiblllero 3HAYEHHS! JOCTHIalOT BHYTPEHHHE HAaNpsAXKeHHS NMepBOTO POAa.

Buympennue nanpsaxcenus emopo2o poda BO3HMKAIOT BHYTPH 3epHa
HJAH MeXAYy COCEeIHHMHM 3epHaMH.

BHyTpeHHHEe HanpsiXkKeHus] BTOPOro pofa BO3HHKAIOT MeXJY pasjiny-
HBIMH (pa3aMu BCIEACTBHE TOr0, UTO Y HHX pa3Hble KO3 PHIUHEHTH JHHEH-
Horo pacllupeHusl, HAH H3-3a 0O6pa3oBaHHs HOBHIX (pa3, uMerOLHX pas-
Hele o6beMBl. BHYTpeHHHe Hampsi)KeHHsi BTOPOTO poja He 3aBHCAT OT
TeX $aKToOpoB, OT KOTOPBIX 3aBUCAIT HalnpsiXKEeHHUsS NepBOro poja, HampH-
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Mep CKOpPOCTH oXJIlaXKaeHus u Apyrux dakropos. llockoibky BHyTpeH-
HHE HaNpsXKEHHUS BTOPOTO POAAa BO3HHKAIOT MEXAY OTIHEJbHBLIMH 3JIeMEH-
TaMM CTPYKTYP, HX HHOTAA HA3HIBAIOT CMPYKMYPHOIMIU HANPANCECHUAMU,
a BHYTPEHHHe HamNpsXKEHUs MEpPBOro poOJda — 30HANLHbLIMU MepMute-
CKUMU HANPANCCHUAMU.

Buympennue nanpaxenus mpembe20 po0a BO3HUKAIOT BHYTPH o6beMa
nopsiika HECKOJbKHX 3JEMEHTADHHIX SiYeeK KPHUCTAJNJHYECKOH pelIeTKH.

Cnyuyaii, Korja HHOPOAHLIH aTOM B TBEPJAOM pacTBOpe CO3JaeT BOKPYT
ceb6s1 ynpyrue HCKaeHHs KPHCTANJIHYECKOH pelleTKH, NpeACTaBJser
co6oit mpuMep BO3HHMKHOBEHUS] HaNpsKEHUH TPeTbero poa.

Kakoro 6b1 posa Hu ObliM HaNpsiXKeHHs!, B KOHEYHOM HTOTE OHH BHI3bI-
BalOT OAMHAKOBHIH 3deKkr — ynpyrue nedopMalluH M HCKaXXEHHS KpH-
CTaNINTUYECKOH peLIeTKH.

OCHOBHBLIM METOLNOM H3yYEHHS M H3MepeHHs BHYTPEHHHX HanpskeHufi spjasercs
penTreHorpabuueckuit., Jaa onpejeneHus HanpsikeHHH NepeBoOro poaa NPHMEHSIOT H Me-
XaHHYeCKHii MeTon !,

BHyTpeHHHe Hanps)KeHHs BepBble HauaJ H3yuarh pyccKuit uHxeHep H. B. Kaxa-
kyuxuii (B 1886—1887 rr.). I'. 3akc paspa6Goras NnpocToit METOJ MaTeMaTHYeCKOro pac-
yera. Tenepsb Mo BHYTPEHHHM HANPAKEHHSAM B CTaJH H JPYrHX MeTajJaX HMEIOTCS MHOTO-
YHCJEHHBIE HCCACOBAHHA H OOIUHPHAA JIHTEpaTypa.

BuyTpeHHHe HanpsiXKeHHS nepBOro poAa, BJAHSIHHE KOTOPHIX 0CO-
6eHHO CYIIECTBEHHO, TaK KaK TOJbKO OHH BHI3BIBAIOT KOpobJieHHe AeTallH
M TPELlHHbI, 3aBUCAT He TOJbKO OT BHEWIHUX (axropoB (CKopocTh oXJja-
XKAeHUA, pa3mep H ¢opMma AeTaNH H T. .), HO U OT CBOHCTB MeraJJa.
Ecau Merann o6Gnagaer Majod NJIACTHYHOCTbIO, TO BO3HHKAIOUIHE BHY-
TPEHHHME HANpsI’)KeHHsA He CHHUMAIOTCSl mnJjacTudeckoil aedopmanmpei 2,
M eC/I{ HAnpsiXKeHHsl Mo BeJHYHHE NpPeB30iAyT 3HaueHHe Ipejesa Npoy-
HOCTH, TO BO3HHKHYT TPEUIHHHI.

B npomecce HarpeBa H oXJaXAeHHs BHYTPEHHHE HANpSIXKeHHS H3Me-
HAIOTCA, HalpUMEp NpPH HAarpeBe NOBEpPXHOCTHLIE CJIOH MeTaJJja HCIBITHI-
BalOT HaNpSXXEHHS CXKaTHS, TAK KaK OHH CTPEMSTCS PaCIIHPHTBLCH,
a 3TOMY npensATCTBYIOT OoJiee XoJioAHble CJAOH MeTajlja CepALEeBHHHI.
HaoG6opor, npu oxnakgeHuH NOBEPXHOCTH CJOH, HMelollue OoJiee HH3-
KYIO TeMneparypy, 4eM cCepAlieBHHA, HCHLITHIBAIOT HaNpsiXKeHus pacrs-
JKeHHsl, a CepJALIEBMHA — HaNpSXKEHHUA CHKATHA.

OxkoHuaHHe OXJIaXK[IeHHS COOTBETCTBYET BHIPABHHBAHHIO TeMIIepaTyphbl
BO BCEM CEUYEeHHMHM. 3HAYUT JIH 3TO, YTO YCTAaHOBJIEHHE OJMHAKOBOH TeM-
nepatyph 1o BceMy oOBbeMY NPHBOAMT K YCTPAHEHHIO HaNpsiXKEeHUH?
Her. Ilocne Toro Kak oxsaxaeHue H, CJefoBaTelJbHO, COKpallleHHe
o6beMa MNOBEPXHOCTH 3aKOHYHJOCh, HEKOTOpOe BpeMsl LEHTpaJbHble
YacTH ellle OXJaXAaloTCs H o0beM CepAlUEBHHHBIX CJI0OEB YMeHblllaercs,
BO3HHKAIOT BHYTPEHHHE HAIpPSIXKeHHsl, KoTopble K MOMEHTY OKOHYaHHA
OXJIaXKJE€HHsI BO BCeM CeYeHHH NPHHHUMAIOT oOIllpeJeJIeHHOEe 3Ha4YeHHe.

Hanpsixkenust, koropble COXpaHU/IHCh B AeTaJH B pe3yJbTaTe oXJa-
XKNeHHS, Ha3bLIBAIOTCA OCMAMOYHbLIMU HANPANEHUAMU.
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3akaneHHasi cTalb BCEria HaXOAUTCA B CTPYKTYPHO HAMpPAMKEHHOM
cocTosiHUH. OTnycK — HeoGXOAMMOE M PafHKaJlbHOE CPEACTBO YMEHb-

LIEHHS] OCTaTOYHBIX HaMNpsKeHHI.

Harpes cranu npu ornycke yBeJHYHBaeT MJIacTHYHOCTb, 3TO MO3BO-
JSieT B OTAENbHBIX o6beMax ynpyrum gebopMaunusM npeBpaTuThCs B mja-

CTHYECKHE, 4YTO yMEHbUIaeT Hanpi-

XKEHHUS.

Yewm BbillIe TeMnepaTypa oTnycKa
H YyeM GoJsibllle ero NPOAOJNMKHTEJD -
TeM B OoJblieli CTeNeHH
CHHMalOTCsl HanpsixeHHs (puc. 242).
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Puc. 242. Bansnne reMnepaTypul 1 NPOAOC/IKHTENbHOCTH oTnycka ctaad ¢ 0,3 % C Ha ocraTtou-
Hble HanpsiXXeHHs
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Puc. 243. Kpubuie oxsaXaeRHs AN PasAHYHLIX CNoco6oB saxanxi, HaAHeCeHHLle Ha AHArpamMMmy

H30TEePpMHYECKOro pacnafga ayCcTeHuTa

Ornyck npu 550 °C npaKTHueCKH NOJHOCTBIO yCTpPaHSieT 3aKaJoWHble
HanpsixkeHHs: (HcXoaHHe HanpsixeHus c¢ 600 MIla ymennmmaAncL 10
50—100 MIla).
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[TIpu usyuenuu kpucranausauuu (ra. 11) mpl Bugenu, uro 3TOoT npoiecc
coBeplIaeTcsl BCJAEACTBHE TOrO, YTO NMPH H3MEHHBIIMXCS YCJAOBHSIX OJHO
COCTOSIHHE, HanpHMep KpHCTa/IHYecKoe, Gojiee yCTOHUMBO, YeM APYroe,
HanmpHuMep KHJIKoe,

da3oBbLIe NpeBpauleHHsi, KOTOpble COBEPLIAIOTCS B CTaJH, TaKXe BhLI3-
BaHBI TE€M, YTO BCJEACTBHE W3MEHUBLIHXCS YCJIOBHIi, HAaMpUMEP TeMAepa-
TYypbl, OJHO COCTOSIHHE OKa3blBaeTCsl MeHee YCTOHUMBLIM, YeM ApYroe.
DTHUM W BHI3BIBAIOTCS NpeBpalleHHs], NMPOTEKAIolUi{He B CTaJH.

PaccmaTpuBass CTpYKTypHble MpeBpalieHHs B CTajlH, Mbl Mnpexje
BCEro JOJIKHBI yKa3aTh, YTO OCHOBHBIMH SBJSIIOTCA TPH CTPYKTYPHI,
a nepexoj UX M3 OJHOH B APYryi0 XapaKTEpPH3YIOT OCHOBHbIE MpeBpa-
EeHHS.

YKaxeM 3TH CTPYKTYpBHI:

aycmerum (A) — TBepanifi pactBop yriepoxa B y-xkenese Fe, (C);

mapmerncum (M) — TBepaplit pacTBop yrieposa B a-xenese Fe, (C);

nepaum ([1) — 3BTekTOMAHAA cMeCh U3 OJHOBPEMEHHO 00pasylomuxcs
¢eppura u Kap6uaa Fe, + Feg C (HHuTOXXHO Masoit paBHOBeCHOM! pacrt-
BOPHMOCTbIO Yyrjiepoga B (eppuTe npeHe6Gperaem).
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11pu TepmHueckoil oOpaboTke cTajiH Haba0AAIOTCA YETHIPE OCHOBHBLIX
npeBpalleHus.

I. INlpeBpamenue nepjauta B ayCTEHHT, NIpOTEKalolllee Bblllle TOYKH A,,
BLILIe TeMnepaTypbl CTabHJIbHOTO PaBHOBECHS! ayCTEHHT—IEpJIMT; IpH
STHX TeMNeparypax H3 TpeX OCHOBHEIX CTPYKTYP MHHHMAaJbHOH cBOOOAHOM
sHeprueit obmapaer aycrenutr (puc. 173):

Feq + FegC — Fe, (C) nin IT— A

I1. IIpeBpamenne aycTeHWTa B MNEpJHT, MNpoTeKawolee Huxe A;:
Fe, (C) - Fe, + FesC uan A — 11

ITI. IlpeBpamieHrHe aycTeHHTa B MapTEHCHT:

Fe, (C) > Feg (C) mau A > M

D10 mnpeBpalleHHe HabJlOAaeTCss HHUXKe TEMIEparypsl MeTacTabHJb-
Horo paBHOBecHsi aycreHuT—MapTteHCHT (T,). Ilpu T, Gosee ycroiuu-
Boi (ha3oii siBAsSIeTCSl NMepJIHT, ogHako pabora, HeoOxoaumas Anst obOpa-
30BaHMS MapTEHCHTa H3 ayCTeHHTa, MeHblue, 4yeM JJsi oOpa3oBaHHUS
nepauTa, nMoaToMy HHUxe T, o6pa3oBaHue nepsuta (peppuro-kap6HAHOH
CMeCH) M3 ayCTeHHTa MOXeT MPOH30HTH TOJbKO B pe3yJ/ibTaTe NpeBpa-
IEHHS ayCTeHUTa B MapPTEHCHT, a 3aTeM YXe MapTeHCHTa B MNEpJIHT.

Takum o6pa3oM, aycTeHHTO-MapTeHCHTHOe MpeBpaieHHe B JaHHOM
C/lyyae sBJAAETCS [POMEXYTOYHEIM B Mpollecce Mepexoja aycTEHHTAa B
nepJiuT.
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3. Hevermum (FesC) — xmameckoe cosimmesme #eiesa ¢ yraepodon (sapfu
xenesa), cozepaaT 6,67 % yracpoma

Amiotpommeckir: mperpamenmi me memsmimaer. KpicTaimmecsas pememsa
HeNeRTITa COCTONT I P72 OKTA>PO, OCH KOTOPEIX RAKIOREHS! APYT X APTY.

Texneparypa miaetenms mevemTTA Towmo me ycramomsema (1250, 1550° O). Tpx
HIAIIX TeMTEPATYPAS TENEHTIT C1250 (RPPONATHITER, MarRITHRe CROHCTEA TepRET TP
Teumepatype oxato 217° C.

Tlexenmrr mieer sscoxyso TeepIocts (Soace 800 HB, 2erso mapanaet CTesic), 5o
spessamaing RERKYI0, TPAKTHNECKH HYIEBYR0, TICTIHOCT. Tasie ceoficTEA ZEIROTCR
creacTENEN CA0AEOTO CTPORHN KpHCTATIITeCKo pemeTsaL.

TlexenTir cnocobes GpIIORSIEaTs Toepase PACTEOPE! aMememEA. ATOMS YTIEPOTA
MOFYT MMMATRCE ITOMIMI HEMTATION: WOTON, KACIOOTON TTOM Eenen —
seTaTimar: aprasmex, Spoon, somsgpaost @ ap. Taxoh Teepmch pactacp Ea Gaze
PEIETIS! HEMERTITA HATHEARTCS TECUPOSHHEIN LENEHIMIEN

Texenmrr — coemmentie ReCTORTI20R & IpH ONPEAETERHES YEIORAY PACTATACTCE &
ofpasonamne c2OBOTHOTO JTAPOT B EEIe TPAGETA. DTOT Hpomece MMeeT BaxHOE
paxTEUecToe sHavemme npE CTPYETYpOOGpasoBamTE TyTymOD.




image47.png
1V. IlpeBpamenne MapTeHCHTa B NEpJHT, TOuHee, B (eppHTO-Kap-
6HAHYIO CMeCh:

Feg (C) — Fe, + Fey (C) i M — I1.
Ono nmpoHCXOAMT MpH Bcex TeMmeparypax, TaK KaK NpPH BCex TeMile-

paTypax cBoOOJHast SHEprHsi MapTeHCHTa O6oJiblie CBOGOAHOM 3SHEpruH
nepjura (TouHee ¢eppHTO-KapOHAHON CMecH).
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Puc. 173 Hsweuenwe caoboanof sweprun aycrenuta (Fp), maprencura (Fp) ¥ nepanta (Fp)
C NIMEHEHHeM TemnepaTyph

Puc. 174. OGaacty &, ¥ H 8-da3 Xxesesa B 3aBHCHMOCTR OT TeMnepaTypnl X flaBJieHUS
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Cxema n3MeHeHHA cBOGOAHBIX SHEPrHi OCHOBHBIX CTPYKTYP (cM. puc. 173) nokasnl-
BaeT, 4TO Bbilie Ty BO3MOXHO npeBpalleHe MapTeHcuTa B aycreHut. OaHaKo STO npespa-
UleHHe SKCNEPHMEHTAaJbHO B YIJ/EPOACOAEPKALIHX CTaJAX He ObLIO0 OOHapyXxeHo, mo-
BHAMMOMY, MH3-3a TOro, YTO paHbllie yCrieBaeT NMPOHU3OATH NPEBPALUEHHE MAPTEHCHT—
nepaut (pacnaj MapTEHCHTa).

IMpeBpamenue nepjutTa B MaPTEHCHT HEBO3MOXHO, TaK KaK NPH BCeX TeMnepaTypax
MapTeHCHT ofJiajjaet Gosblued CBOGOJHOR SHepruei, yeMm MepJaHT,

Briize Gbiin paccMoTpeHH (pa3oBble npeBpalleHHs1, HCNOJb3yeMble IIPH
TepMHYecKot 06paboTKe H O0OYCJIOBJIeHHble H3MEHEHHeM TeMMepaTyphl.
Hpyrofi TepmoauHamuyecKuit ¢pakTop — jaBJieHHe, KOTOPOE He HCIOJIb-
syercsd NpH TepMHYecKoi OO6paboTKe, XOTSl H3MEeHssl NaBJjIeHHe, MOXHO
NOJNIYYHTL CTPYKTYPHHIE NpeBpalieHHs, KOTOpHe OTCYTCTBYIOT NPH He-
uamenHoM (1 atM) npaBieHHH.

Huarpamma ¢$asoBoro paBHOBeCHsI NPH HE3aBHCHMLIX NepeMEeHHBIX —
TeMNepaTypa H naBJieHHe npHBefeHH Ha pHc. 174. [IpH BricOKHX RaBle-
HHAX BO3MOXKHO OOpa3OBaHHe XKeJie3a C reKCaroHaJbHOH IJIOTHOYNaKo-
BaHHOM pelueTKofi (TaK Ha3biBaeMoe e-)eje30). TpoifiHasi ToOYKa paBHO-
BecHs JiexxHT npu ¢ = 527 °C u P = 13000 MIla. Buime 527 °C npu
YBeJIHYEHHH JaBJeHHS BO3MOXKEH o —- Y — & MNepexof, a HHIKe Mnps-
MOR — o — & — nepexoa.

Kak 6bls10 OTMeueHO, BCeCTOPOHHEe AaBJIeHHe I0Ka ellle He MCNOoJb3yeTcs AAd ueneft
CTPYKTYpOOGpPasOBaHHS B CTa/JH M3-32 TEXHOJOTHYECKHX CJOXKHOCTeRl; HEAOCTaTOYHO SICHO
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TaK)Ke, HaCKOJIbKO STO 3())eKTHBHO B OTHOWEHHH MOAyueHHs ocobrix cBofictB. HekoTophie
3JIEMEHTH! BJIHAIOT aHAJIOrHYHO BCECTOPOHHEMY AaBJieHHI0. Tak, HanpuMep, NPH BHICOKOM
COAEP>KaHHH Maprailla H NpH HOPMaJbLHOM JAaBJIeHHH o0pasyercs &-¢ha3a.
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[IpeBpanieHye mepjHTa B ayCTEHMT B MOJIHOM COOTBETCTBHH C AHArpam-
Moit cocTosiHus Fe—C MoxeT coOBepUIMTBLCA JIMIUL NPH OYEHb MEAJIEHHOM
HarpeBe. [Ipu OOBIYHBIX YC/JIOBHSIX HarpeBa MpeBpalleHHe 3alnas3abiBaer
M ToJiyyaeTcsl nepeHarpeB, T. €. NpesBpalleHHe NMPOHCXOAHT JKIIb TpH
TeMnepaTypax, HeCKoJIbKO 6oJiee BbICOKHX, YEM YKa3aHO Ha JHarpamme
Fe—C.

[TlepeHarperbii Bbillile KPUTHYECKOH TOYKH MEPJHT C PA3JHYHOH CKO-
POCTbIO B 3aBHUCHMOCTH OT CTEMEHH TMNepeHarpeBa MnpeBpailaeTcs B ay-
CTEHHT.
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Puc. 175. INpespamenns nepanta (I1) B aycrennt (A) npH nocrosHHoft Temnepa-
TYp®C :
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Ha puc. 175 npuBeneHH AaHHbBIe, TOKa3bIBalonie BpeMsl IpeBpalleHHs
nepJjiMTa B ayCTEHHT A cTajH, comepxamei 0,86 % C, mpu pasHbix
TeMnepaTtypax (B 3aBHCHMOCTH OT CTelleHH mepeHarpeBa). Pacnosoxenue
KpHMBBIX MOKAa3bIBaeT, YTO YeM Bhlllle TeMllepaTypa, TeM Onictpee (T. €.
3a MEeHbIIHA OTpe30K BpPEeMEHH) MpOTeKaeT NpeBpallleHHe,

Hanpumep, npu 780 °C npeBpaieHHe nepsauT -+ ayCTEHHT 3aBep-
IUHTCA 32 2 MHH, a npH 740 °C — 3a 8 MuH.

Iunarpamma, npHBefeHHass Ha puc. 175, naHa B KoOpAMHATax TeMmne-
paTypa — BpeMsi, NOSTOMy Ha Hee MOXHO HaHeCTH KpHBbIe Harpesa l.

JIyu COOTBETCTByeT HarpeBy CTajli C KaKOH-TO ONpenejieHHOH CKO-
pocThio Uy. OH mepecekaeT JIMHHH Hayajia W KOHIa NpeBpalieHHsI B TO-
ykax a” u b". CiiegoBaTesibHO, NIPH HeNpepLIBHOM HarpeBe CO CKOPOCTHIO
Us MBI 3apHKCHpYeM NpeBpalleHHe, NMpOTEeKaiollee B HHTepBaJie TeMIlepa-
Typ OT Toukd a” g0 Touku b”. Ecau HarpeB Gbin 6osiee MeLJIEHHBIM, TO
Jyd v, nepeceKaeT KpHUBLIE NMpeBpalleHHss NpH Gojlee HU3KHX TeMnepaTty-

! Brito foKasaHo, YTO HaJOXKEHHe KPHBHIX Harpesa MM OXJaXKAeHHS Ha AHarpammy,
MOKa3LIBaloOWlyl0 NpeBpalleHHss NPH NMOCTOAHHOH TemMmepaType, He faeT KOJHYECTBEHHO
NpaBHJIbHBIX 3Ha4YeHHH, HO KauyeCTBeHHhHle 3aKOHOMEPHOCTH NpOLECCOB MOATBEPX-
AaloTcx.
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pax (ToukH a’ u b’), H npeBpameHHe npousofiser Toxe npu Gojee HU3-
KMX TeMmIeparypax 1.

KpuBble Hauasa ¥ KOHUA NpeBpallleHHs, aCHMNTOTHYECKH NpPHG/H-
JKasiCb K TOPH3OHTaJNH A, nepecekyr ee B 6eckoHeuHocTH. Harpes c Gec-
KOHEeYHO MaJioii CKOPOCTbIO Nepeceyer ropH3oHTanb A; B 6eCKOHEYHOCTH,
rje CJHBalOTCsl KPpHBLIE HayaJla H KOHIla NMpeBpauieHHst H I'Ae npeBpaiie-
HHe MepJiMTa B ayCTEeHHUT MPOH30HJET B ONHOM «TOYKe», T. €. MPH MOCTO-
STHHOH TeMmneparype. 2T0, O4eBHAHO, M OyAeT cCJydyaifi paBHOBECHOTrO
npespailenuss — no guarpamme Fe—C. PeanbHble npeBpaliieHHsi, B OT-
JIMYHEe OT PAaBHOBECHRLIX, [IPOTEKAIOT IIPH TeMIlepaType Bhille A, H He NpH
OJHOH TeMnepaType, a B HHTepBaJe TeMmneparyp, JiexauleM TeM Bhlile,
yeM ObiCTpee HarpeBaeM CTadb.

OkoHuyaHHe mnpouecca npeBpalleHHs XapaKTepH3yeTcss o06pa3oBa-
HHEM ayCTeHHWTa H HUcue3HOBeHHeM mepJyuTa. OfHAKO 3TOT BHOBb 06pas3o-
BaBIUMHACA ayCTEHHUT Jaxke B oObeMme OAHOro 3epHa HeofHopojeH. B Tex
MeCTax, B KOTOPHIX paHee OblIH MJIaCTHHKH (HJIH 3epHa) MepJIHTHOro Le-
MEHTHTa, CojepxKaHHe yrjepona GoJiblie, 94eM B TeX MecTax, rje saJe-
rajny NJacTHHKH ¢eppura. [1osToMy TosbKO uTo O6pa3oBaBLIHiica aycTe-
HUT HEOAHOPOZEH.

IOns nonyyeHUss OAHOPOAHOTO MO COCTAaBY (FOMOTE@HHOr0) ayCTeHHTA
NpH HarpeBe Tpe6yercs He TOJNBLKO NepeATH uyepe3 TOYKY OKOHYAHHUSA
NnepJAUTHO-ayYCTEHHTHOrO NpeBpallileHHs1, HO H neperpeTh CTa/b BhIllle 3TOM
TOUYKH HJIH JaTb BLIAEPXKKY A/ 3aBeplieHHA AH(PPY3HOHHBEIX NMPOLECCOB
BHYTPH ayCTEHHTHOTO 3epHa.

CkopocTb roMoreHH3aluH ayCTeHHTa B 3HauYHTeJbHO# cTeneHu ompe-
JeJisleTCsl HCXOJHOH CTPYKTYpOH CTajJH — CTelNeHbl0 AHUCIIEpCHOCTH Le-
MeHTHTA U ero ¢opmoifi. Uem Mesbue yacTHUIbl LlEMEHTHTa H, CJeJOBa-
TeJIbHO, 60Jbllle HX CYMMapHasi NOBEpXHOCTb, TeM GLICTpee NMPOHCXOAAT
OMHCaHHbLIE NpeBpalleHHS.
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Hauasio nepsnTo-ayCTEHUTHOrO npeBpalleHHs CONMPOBOXKAaeTcss o6pa3o-
BaHHeM NepBLIX 3epeH aycteHHTa. [lepBnie 3epHa aycTreHHTa o6pasyioTcs
Ha rpaHuue Mexjay (eppHTOM H LIEMEHTHTOM — CTPYKTYpPHbLIMH COCTaB-
aAsoumuMH nepaura. Tak KaK 3Ta rpaHHIA BecbMa pa3BeTBJIeHa 2, TO
npeBpaiieHHe HayuHaeTcsl ¢ 00pa30oBaHHSI MHOXXECTBa MeJNIKHX 3epeH.
CnepoBaresbHO, M0 OKOHYAaHHUU NpeBpAlEHHs NepJauTa B ayCTeHMT OG-
pasyercsi 60JibllIoe KOJHYECTBO MaJIbIX ayCTEHHTHLIX 3epeH. Pa3smep
3THX 3epeH XapaKTepH3yeT TaK Ha3blBaeMyi0 BEJHYHHY Ha4aabHo20
3epHa ayCTEHHTA.
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Hanbuefimunuit HarpeB (MAH BHIAEPI)KKA) MO OKOHYAHWH NpeBpauleHHS
BbI3LIBAET POCT ayCTEHHTHLIX 3epeH. Poct 3epHa — caMONpOH3BOJALHO
MPOTEKAIOU[Hii Mpouecc, TakK KaK NPH 3TOM YyMeHblUaeTCsi CyMMapHas
IOBEPXHOCTb 3epeH (yMeHblllaeTcsi NOBEePXHOCTHasi 3Heprus), BLICOKas
TeMnepatypa o6ecrneyHBaeT JHIIL JOCTAaTOYHYIO €ro CKOPOCTb.

PasnuyaloT ABa THNA CTajefi: HACAeOCMBEeHHO MEAKO3EPHUCMYO U
HACAeOCMBeHHO KPYNnHO3epHUCMYy0; TiepBas XapaKTepH3yeTcs MaJiof
CK/JIOHHOCTbIO K pOCTY 3epHa, BTOpas — MOBHILIEHHOR CKJOHHOCTBIO.
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Puc. 176. Cxema nsMeNeHHN DASMEPS IEPHA NEPANTS B ISBNCHMOCTH OT Harpesa
8 aycrenutnoft o6aacrm

[lepexox uepes KPHTHHECKYI0O TOUKY A, CONpPOBOXA2eTCHA PE3KHM
yMmeHblieHHeM 3epHa (puc. 176). [Ipu xanbuefilieM Harpese 3epHO aycTe-
HHMTA B MeJIKO3epHHCTON cTajaH He pacter a0 950—1000 °C, nocae wero
YCTPAHAIOTCA (PAKTOpPH, NPEensTCTBYIOUIHE POCTYy, H 3€pHO HaYHHaer
6LICTPO PacTH. Y KPYNHO3EPHHCTOM CTaJIH HHYTO He MPensiTCTByeT POCTY
3epHa, KOTOphLIfi H Ha4YHHAaeTCs BCKOpe mnocjAe nepexoja 4epe3 KpH-
THYECKYIO TOYKY.

[Mon sacaeOcmeennod seprucmocmoo caenyer NnoapasymeBaTb CKJIOH-
HOCTb ayCTEHHTHOTrO 3epHa K pOCTY.

Pasmep 3epHa, noay4YeHHLIl B CTaJH B pe3yJabTare TOA HJAH HHOA Tep-
MHYeCcKOoft o6paGOTKH, — 3TO TaK Ha3niBaeMmoe Odeldcmsumeabroe 3€pHO.

Takum obpaszoM, pa3saHyaior:

1) HawasbHOe 3epHO — pa3Mep 3€pHAa ayCTEHHTa B MOMEHT OKOH4Ya-
HHSl MNepJHUTO-ayCTeHHUTHOrO MNpeBpallleHHs; 2) HacJeAcTBeHHoe (MpH-
POAHOE) 3ePHO — CKJIOHHOCTb ayCTEHHTHHIX 3epeH K pocTy; 3) ReACTBH-
TeJbHOe 3epHO — pa3Mep 3epHa ayCTeHHTa B JAAaHHHX KOHKPETHHIX
YCJOBHAX.

PasMepH NepJAHTHHIX 3€peH 3aBHCAT ! OT pasMepoB 3epeH aycTeHHTa,
H3 KOTOPHIX OHH 00pa3oBajliiChb. UeM KpynHee 3epHa aycTEHHTa, TeM,
KaK npaBHJO, GoJblero pasmepa MepJHTHbE 3epHa, oOpasyolHecs: H3
HuX (cM. puc. 176). AycreHuTHHe 3epHa PacTyT TOJNLKO MPH Harpese

YTlpu omunaxkoBofi Temmepatype ayCTEHHTHO —> NMEPJHTHOTO MNpeBpalleHHS.
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(mpu nocsenyiomeM OXJaXKAEHHH OHH He H3MeJNbYyaloTcsl), MO3TOMY Mak-
cHMaJibHasi TeMIepaTypa HarpeBa CTaJli B ayCTEHHTHOM COCTOSIHHH M ee
HacJeJCTBEHHasi 3epHHCTOCTb OMNpefeJsiOT OKOHYaTeNbHHIA pa3Mep

3epHa.
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l'lpeapamerme AayCTE€HHTa B NEPHAHT 3aKAI09a€TCA B pacnane ayCTeHUTa —
TBEPpAOro pacTtsopa yrJiepoaa B y-xKeje3e, Ha NOYTH YHCTOE o-XKeJse3o
H UNEMEHTHT:

Fe, (C) — Fe, + Fe,C.

[IpeBpamtenne Moxker HayaTbCsi He B Touke A,, a NPH HEKOTOPOM
nepeoxJiaxkJAeHHH, KOraa cBoOOAHaA 3HEpPrus ¢eppHTO-KapGHAHON CMecH
(nepauTa) OKaxeTcsi MeHbluedl, uyemM CBOGOJHAst SHEPrHsi aycTeHWTa
(cm. pHe. 173).

Uem HMXKe TeMnepaTypa npeBpalleHHs, TeM 60AbLIE NepeoXAaxAeHHe,
TeM Oosiblle pasHOCTb CBOGOAHBIX 3HEPrHMl, TeM OLICTpEE NPOUCXOAHT
npeBpalleHHe.
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JKee20)T1POTHCTIE CITARSE — CTATH H TYTYRS — BUAHEHIIE METATTHTECKIE CHTABS!
compeenmo Tewmnm. [pomSTIO WYL H CTAT MO OGBEM HPBOCKOIT
"IPONIE0ACTEO BCEN APTHLK METATIOR MECTE EAATAIX GOTee TeM B JECATS pas

THarpaa COCTOREES X620 — YTIRPOT AET OCHOBROS MPEACTABACHIE © CTPOSKI
Ke26307TAPOTICTE CATAROB — CTATEH  TYTYHOE.

Hamazo seymeanto Tarpnnat xetex — yraepox mososua Uepaos JLK. 2 1868 roxy.
Tepop emepeste yEa07 Ha CYTIeCTRORARNe 5 CTATH SPHTINECKES TOReX 1 51 MBHCIOCTS
X TR0 ReRES T COTE RIS YTAEPOTA.

Tmarpunia xene0 — yTIepoR T0TANA PACTPOCTPIESTSCA OT EETeR 20 JTIEPO.
Keaeso ospayer ¢ yraepozon smamecsoe coemmsemme: mevemtT — Ao, Kaxzoe
eTolMIEoe NMITIECKOE COSBIRRRHE MORHO PACCHATPEENTS K25 OMTOHEHT, 2 TPy
o mera. Ta 5ax 5 IpAsTEXe TPIMATIOT METATTINECKNE CHIEN ¢ COTCPAAMIEN
epoza 30 S, TO PACCMATPHBGEN UACT TMATMMME! COCTONHA OT AETe: 20
Smameckoro coezumens nevenTHTa, coxepRamer 67 yraepoza.

Tmarpasania cocTomna Keneso — meMerTHT peacTazTena ma prc. 9.1
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B caydae nepauthHoro npeppauieHHst o6pasyiorcs ¢asel, pesKo OT-
JIHYAIOLHECs 110 COCTaBy OT HCXOAHOH: (PeppHT, MOUYTH HE COAEepP KAlME
yraepoja, u meMeHTHT, cofepxauuii 6,67 % C. INosTomy npespaienue
ayCTEHHT —- NepJIMT conpoBOoXAaeTcs Aupdy3Hel, nepepacnpeneneHueM
yraepona. Ckopoctb au¢dy3HH pe3ko YMEHbIAeTCsd ¢ NMOHHMKEHHEM TeM-
nepatypsl, CjleloBaTeJIbHO, C 3TOH TOYKH 3pEHHsSI YyBeJIHYEHHe nepe-
OXJIaXKAEHHSI JOJIXKHO 3aMejJisiTb TNpeBpallleHHs.

Hrtak, Mbl npuxofHM K BaXXHOMY BBLIBOAY, YTO NPH YBEJHUYEHHH nepe-
oXJlaxKAeHHs (CHHXKeHHs TeMNnepaTyphl [peBpaileHHs ) BCTynaoT B 60pL0y
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Puc. 182. Cxopoctb pacnajla aycTeHHTa (CnAOWHAA JHHHA) B 33BHCHMOCTH OT
CTEMeHH NepeoxnarKAeHHs (TeMNepaTyphl)

Puc. 183. CKOpPOCTH POCTa KPHCTaANOB U SapOKAEHHSA UEHTPOB KPHCTANJHU3ALHH
nepanTa B 3aBHCHMOCTH OT TeMnepaTypn (CTeneHH NepeoxNarKAEHHs)

ABa (pakropa, NPsSMO MPOTHBONOJIOXKHO BJIHSKOLIHE HAa CKOPOCTb mpe-
BpallleHHs .

CHuxeHue TemnepaTypbl (yBeJHUEHHE NEPEOXJaXKAEHHs), C OAHON
CTOPOHBI, YBEJHYHBAET Pa3sHOCTb CBOOOAHLIX 3HEPrHH ayCTEHMTAa M nep-
auta (AF = Fp — Fp), uro yckopsier npespaienue, a ¢ Apyro#i, —
Bbi3bIBaeT YMeHbllleHHWe CKOpOCTH Au¢pdy3uu yraepoga D, a 3TO 3amen-
JAsieT npeBpaueHne (puc. 182). CymmapHoe gneiictBHe 060HX (haKTOpOB
MPUBOAHT K TOMY, YTO BHayaje C yBeJIUYEHHEM NEPeOXJaXJEHHSI CKO-
POCTb NpeBpallleHHs1 BO3PACTAeT, AOCTHIaeT NPH KaKOM-TO 3HaYeHHH nepe-
OXJIaXKAEHHS MaKCHMyMa H 3ateM YyObiBaeT (cnjoliHasi KpHBasi Ha
puc. 182).

Ipu 727 °C (A,;) u nuxe 200 °C (d) ckopocTh npeBpallleHHsi PaBHa
HyJlO, Tak Kak npu 727 °C paBHa HyJ0 PasHOCTb CBOOGOAHLIX 3Hep-
rui, a npu 200 °C paBHa HyJ0 (TOYHee, HeJOCTAaTOYHA) CKOPOCTb M-
¢ysuu yrsepona.

[Ipouecc o6pasoBaHusi mepjauTa — 3TO NPOUECC 3aPOKAEHHA II€HTPOB
nepJuTa W pOCTA NEPJMTHBIX KPHCTaJJIOB, KaK Gblio BiiepBuie B 1939 r.
nokasano M. JI. MupkuneiM u 3atem (B 1941 r. W B nocheuylomHx)
pasButo P. Megowm.

CrnegoBaTe/ibHO, pasHasg CKOPOCTb MEPJHTHOrO MNpPEeBpPalleHHs NpH
PasHo# cTeneHH NepeoxJiaKieHUs OnpelensieTcss TeM, YTO MOAOOHBIM 06-
PasoM 3aBHUCSIT OT CTElieHH NEPEOXJIaXKUeHHS CKOPOCTbL pocTa (C. K.) W
4HCs0 oOpasyrwowHuxcs UeHTPoB (4. 1.) nepauta (puc. 183). B Touke A,
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u HHxe 200 °C o6a napamerpa KpHCTalJIH3alHH — Y. II. H C. K. —
paBHBLI HYJIIO H HMEIOT MaKCHMaJlbHOe 3HaueHHe NpPH NepeoxXJIaXKAeHHH,
paBioMm 150—200 °C.

H3 ckasaHHOro cineayert, 94To KaK TOJNbKO CO3JaHbl HajJjexaigue yc-
JIOBUS, 3apOXKJAIOTCS1 HEHTPHl KPHCTAMJIM3aLHH H W3 HHX PaCTyT KpH-
craanani. [Ipouecc sTOT NpOHCXOAUT BO BpeMeHH H MOXKeT ObITh H306parkeH
B BHAE TaK Ha3blBa€MOH KHHETHYECKOH KPUBOH MpeBpalleHHs], MOKA3bi-
Baouled KOJAHYeCTBO o0O0pa3oBaBLIerocsi MepJdHTa B 3aBHCHMOCTH OT
BpeMeHH, Mnpoiluejiiero ¢ Havaja npeBpaumieHus (puc. 184).
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Puc. 184. Kunetugecxas xpusas mpeBpamieHNst ayCTeHHTa B NEPJHT

Puc. 185. Kunerngeckue xpusnie npespaieHus ayCTeHHTa B NepPJHT NPH Pa3JHIHLX TeMnepa-
TYpax (‘g > > " >ooo)

HauanbHuft nepHon xapakrepusyeTcsi BecbMa MaJioi CKOPOCTbIO
npeBpallCHHsA — 3TO TaK HasuWBaeMblH uxKybayuonnol nepuod, HIAH
nepuod unepmuocmu. Touka a Ha KpHUBOH NOKa3biBaeT MOMEHT, KOrja
o6HapyXHBaeTCs Hauajo mnpeBpamieHHss (OObIYHO 3TO COOTBETCTBYET
o6pasoBanHio 1 % nepaunra). Ha kpHBOfi cTeneHp mnpeBpalieHuss —
Bpemsi (pHc. 184) BHAHO, uTO CKOpOCTb nMpeBpallieHHs BO3PACTET N0 Mepe
TOro, KaK pa3BuBaeTcs npespaueHype. MaKCHMyM CKOPOCTH NpeBpalle-
HHS COOTBETCTBYeT NPHMEPHO TOMY BpeMeHH, KOrJa NpeBpaTHJIOCH
~50 % aycrenuta. B nanbHediieM CKOpOCTb NpeBpallleHHS] yMeHblua-
eTcsi H, HaKoHel, mpeBpalleHHe 3aKaHuHBaercs (Touka b).

CKopocTbh npeBpaliCHHs 3aBUCHT OT CTeneHH nepeoxjaxaenus. [Ipu
MaJbIX H 3HAYHTEJILHLIX NepeoxJaxKAeHHUsX NpeBpauleHHe NPOHCXOAUT
MeJ/IEHHO, TaK KaK MaJibl 3HaueHHs C. K. H 4. I. (cM. puc. 185); B nepsom
cjlygyae — H3-3a MaJIOl Pa3sHOCTH CBOOOAHBIX 3HEpPruii, BO BTOPOM —
H3-3a MaJofi auddy3HoHHOR noAaBHIKHOCTH aTtoMoB. [Ipu MakcumanbHOM
CKOPOCTH NpEBPAlEHHA KHHETHYECKHe KpHBble HWAYT KpPYTO BBEPX H
npeBpaleHHe 3aKaHYHBAEeTCA 33 MaJblH OTPE30K BpPEMEHH.

Ha puc. 185 nokasaHa cepHsi KHHETHYECKHX KPHBLIX, MOJOOHBIX
npuBefeHHOR Ha puc. 184, HO OTHOCAIIMXCA K pasHuLIM TeMmnepaTypam
(PasHREIM CTENEHAM NepeoXJaXKAeHHs).

[Mpn BHicCOKO® Temnepatrype f, (Manass creneHb MepeOXJaxKAEHHS)
npeBpalleHHe Pa3BHBAGTCA MEAJIEHHO H NMPOAOJIKHTENbHOCTh HHKYOauH-
OHHOrO nepHoia (OTPE3OK OT Hauaja KOOPAHHAT A0 TOYKH @) H BpeMms
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npeBpalleHys (OTPE3OK OT Havajla KOOpAHHAT 10 TOUKH b) T. e. MpH yBe-
JIMUEHHH CTelleHH MepeoxJaxk[eHHsi, CKOPOCTb IpeBpalleHHsl BO3pacTaerT,
H MO3TOMY MPOJOJIXKHTENLHOCTh HHKYOGalHOHHOrO MepHoja H mpojod-
YKUTEJNbHOCTh BCEro NpeBpalleHHsl coKpaanTrcsi. MakCHMyM CKOpPOCTH
mpeBpalleHHs COOTBETCTBYeT TeMmneparype [,, AajbHedllee CHHXKEHHE
TeMmepaTypbl NpUBeJEeT Y¥Ke K YMEHbIUEHHIO CKODOCTH IpeBpa-
LIeHHS.

EcnH HaHeCTH Ha AMarpaMMy OTPe3KH KDHBLIX ayCTEHHTO-NeEpJIHT-
HOrO [MpeBpallleHHs, COOTBETCTBYIOMHE Hauany [MpeBpalleHus (BpeMs
«HHKYGalHOHHOTO MepHONa») M KOHILY NpeBpAlleHHsI, T. €. TOUKH a H b
PAcIONIOKUTL MO BepTHKaAH N0 Mepe
CHHJKEHHSI TeMIepaTyphl, TO MOJAYYHM
AMArpaMMy, NpHBeLEHHYIO Ha puc. 186. 1t

KpuBass Hauana mnpespalieHHss B 3a-
BHCHMOCTH OT CTENEeHH I[epeoxJaXIeHHs
nokKaXXeT BpeMsi, Korja [peBpailedHue
nmpakTHYeCKH He Habmojaercsi, T. e.
KOrJla HMeeM [epeoXJaXJIeHHbIH aycTe-
HUT. Mepoii ero HeycTOHYHBOCTH MOXeT
CAYXHTb OTPe30K OT OCH OpAHHAT JO
KPHBOH Hauasa npeBpauieHHs npH 500—
600 °C (temneparypa f,;), Koraa 3TOT OT-
pe30oK HMeeT MHHHMAaJbHBIE pa3MepHl,
T. €. aYyCTEHUT HauyHHaeT MNnpeBpauarbcs
B NepJUT Yepe3 HaHOoJiee KOPOTKHH mpo-
MEXYTOK BpEMEHH.

Bropas xpuBass noka3biBaeT BpeMs, &3 -
HeoO6XOAHMOE MPH AAHHOM MNepeoxJaxkje-

HUH JJs1 TOJHOTO [MpEBPAIUEHHUS] AYCTE-  pyc. 186. Jlwarpamma W3OTEPMH-
HUT2 B [EPJIUT. HPH 500—600 °C 9TO  WUeCKOro TNpeBpaWeHHst ayCTeHHTa
(nmocTpoeHa no KpHBLIM H3O0TepMHue-
BpEMsl TaKxe MHUHUMAJIBHO. ckoro npeBpawexus Ha puc. 185)
Cnepyer ykasaTb, YTO MO T'OPH30H-
Tadd LIKajga Jorapupmuyeckas. 310
CAeNaHO 1Js1 ynoOCTBa H300paXKEHHSA, TaK KaK CJHIIKOM pPasHYHBI
CKOpOCTH 00pa3oBaHHUsd IepJHTa OKOJO KDHTHYECKOH TOUKH H Y H3-
ru6a kpuBoii. B mnepBoM cayuae (At yraepomMCTOH CTaJH). npe-
BpallleHHe 3aKaHYHBaeTcsl 4epe3 HECKOJbKO MHeCATKOB MHHYT (THI-
CAYH CeKyHA), a BO BTOPOM CJiyyae OHO HPOHUCXOAHT 3a OAHY-ABE
CEKYHJHI.

I'opusoHTanbHas JuHHS M, mNokasbiBaeT TeMneparypy Hayanaa Ges-
Auhy3HOHHOrO MapTEHCHTHOrO MNpeBpalieHHs.

MexaHH3M 3TOro NpeBpalieHHsi OTJIMYAeTCsl OT MeXaHH3Ma o6pa3oBa-
HUSl mepjuTra M OyleT pacCMaTpHBATbCS HHXKeE.

Ha puc. 186 nmokasaHo BpemMss npeBpailleHHss ayCTEHHTa B MNEPJIHUT
B 3aBHCHMOCTH OT CTENEHH NepeoxXJiaxKAEHHs, T. €. MpeBpalleHue nepe-
OXJIaXXAEHHOTO ayCTeHMTa TIpH MOCTOsiHHOH TemmepaType. [losTomy
TakHe AHAarpaMMbl OOLIYHO HA3LIBAIOT Ouazpammamu U30MepmuiecKo2o
npespawerun aycmesuma. KpHuBrle Ha jgHarpaMme H30TEpMHYECKOro

Ay
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npeBpauleHHA aycTeHHTa HMEIOT BHA GYKBH C, MO3TOMY MX HacCTO Has3hl-
BaloT C-06pa3HbIMH HAH mpocTo C-KpPHBHIMH. !

CeoficTBa H CTpPOEHHE NPOAYKTOB NpEBpALIEHHS] ayCTEHHTa 3aBUCAT
or 'reniré'e};arypu, NPH KOTOPOH NpPOHCXOAWJ TNpouecc ero pacnaia
(puc. .

IIpu BHICOKHX TeMnepaTypax, T. €. IPH MaJjlblX CTeNeHsX NepeoxJia-
JAEHHSA, NMOJNYYaeTCs AOCTAaTOYHO rpybas (yerko augdepeHunpyemas mnop
MHKDOCKOIIOM) cMech ()eppHTa H LIEMEHTHTA. DTa CMeCb HasLlBaercs Iep-
autom (puc. 187, a).

Puc. 187. CTpykTypa sBTekTOHAHOR
CTan® B 3aBHCHMOCTH OT TeMnepa-
TYpHl pacnafia aycTeHHTa:

a — nepaunT, pacnag npr 700 °C,
X 78500; 6 — cop6HT, pacnafk npH
650 °C, X 7500; 6 — TPOOCTHT, pacnajg
npu 600 °C, X 15 000

Ilpn Gosee HH3KHX TeMIepaTypax M, CJeHOBaTeJbHO, NMPH GOJbIIHX
CTeNeHsIX MepeoXJIaXKAeHHsI RUCIEPCHOCTb CTPYKTYp BO3pacTaeT M TBep-
JOCTb MPOAYKTOB noBLIIaeTcsi. Takoil GoJiee TOHKOrO CTPOEHHS MEpJIHT
nojiyuun HasBaHue cop6ura (puc. 187, 6).

[Ipu eme Gosiee HU3KO# TemnepaType (4TO COOTBeTCTBYeT H3rHOy C-
KpHBO#) IHCIIEPCHOCTb NPOAYKTOB ellle 6oJiee Bo3pacTaer, U AuddepeHuH-
poBaTh MOX ONTHYECKHM MHKPOCKOIIOM OTJeJbHblE COCTaBJsIOMIHE (hep-

1 TlepBrle AMarpamMMmbl H30TEPMHYECKOro pacnaja aycTeHuta noctpouau . Boitn
# 3. Jaseunopt B 1930 r., 4TO ABHJIOCH BaXKHLIM BKJAJAOM B TEOPHIO TepMHUeCKO# 0Gpa-
GOTKH, TaK KaK B 3TOif Juarpamme cymMMmHpyeTcs GOJbLIOE KOJHYECTBO SKCIEPHUMEHTAb-
HBIX RaHHBIX. ONHAKO 3TH IHarpaMMHl B epBOHAYaJbHOM BHJe B HHXKHeH 4acTH, B pafione
MapTEHCHTHOTO NpeBpauleHus, GbLIH HeNmpaBWAbLHH. B mepBHIX Auarpammax H3oTepMH-
YeCKOro NpeBpailieHHsl, UMeBLINX BHA JaTHHCKOH GYKBbl S M Ha3LBaBLWIKXCS S-AHarpam-
MaMH, He YYHTHIBAJIHCL HEKOTOPHie feeKThl IKCNepHMEeHTa NPH NOCTPOEHHH AHArpamm M
OCOGEHHOCTH MAapTEHCHTHOrO NpeBpauienus. IIpaBHAbHOEe H306paXKeHHe JHArpammbl
H30TEpMHYeCKOro pacrnafa aycreduta B Bufie pycckoro C (a He JgaTHHckoro S) 6uuto
RaHo aBTOopoM B 1935 r. JTOT BHR AMarpamMMmbl ABJfeTcA Tenepb OGIeNnpH3HAHHBIM.
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PHTO-IIEMEHTHTHOR CMECH CTaHOBHTCS fIOYTH HEBOSMOXXHO, HO MpH Ha-
6/10JEHHH MOJ SJEKTPOHHHIM MHKPOCKONOM MJIaCTHHYaTOe CTpOeHHe 00-
HapyXHBaeTcsi BrnoJiHe 4eTKo (pHc. 187, 6). Takas crpykrypa HashBa-
eTcs mpoocmumom. 1

Takum o6pa3oM, nepJIHT, COPGHT H TPOOCTHT — CTPYKTYPH C OfHHa-
KOBOH npHponoi (dbeppHT + LEMEHTHT), OTNHYAIOMHECS CTENEeHbIO IHUC-
nepcHOCTH ¢eppHTa H LEMEHTHUTA.

[lepauTHBIE CTPYKTYPBI MOryT GbITH ABYX THIIOB: SEPHHUCTHE (IEMEH-
THT B HHX HaXOAHTC B ¢opMe SepHLILIEK) HJAH NJIaCTHHUYaTHe (B ¢opme
nJacTHHOK).

OpHoponHHA (rOMOTeHHLIA) ayCTeHHT Bcerja MpeBpamaercs B MNJa-
cTHHYaThi nepJiHT. CiefoBaTesbHO, HarpeB A0 BHCOKOH TeMIepaTypHI,
KOTODLIH CO3JIaeT YCJIOBHS AJiss oOpa3oBaHHusl 6oJjlee OXHOPOXHOH CTPYK-
TYpHI, CNIOCOGCTBYeT MOSABJEHHIO MJIaCTHHYaThIX CTPYKTyp. HeomHopox-
Hbl ayYCTEHHT NpH BCeX CTeleHsIX MNepeoxJaXKAeHUs JaeT 3epHHCTHIN
nepJHT, cJefoBaTeJbHO, HarpeB J0 HEeBLICOKOH TemmepaTypel (msst 3a-
9BTEKTOHAHON CTaNiH HHXKe ACg) NPHBOAMT NPH OXJaXKAEHHH K obpa-
SOBaHHIO 3ePHHCTOro MepaHTa. BeposATHO, ocTaBliHecsi He pacTBOpEH-
HbIMH B ayCTEHHTE YaCTHIUEI, SIBJSIOLHECS HOMOJHUTENbHBIMH LEHTPaMH
KpHUCTaAJH3allHH, CMocoOCTBYIOT OOpa30OBaHHIO 3e€pHHUCTOrO IEMEHTHTA.

Kak nokasano Ha puc. 188, npu ucxonHom Harpese o 900 °C noay-
qHJICS NJIaCTHHYATHIA MepJuT, npuyeM OoJiee HH3Kasi TeMneparypa npe-
BpallleHHs1 Aaet 6oJiee AHCIIEPCHYIO CTPYKTYPY. B To# xke cranu nmpu Tex
e TeMIlepaTypax NnpeBpallleHHs, HO NocJje HeBbicoKoro HarpeBa (780 °C),
MOJYYHACA 3€PHHUCTHIH NepanT. Pa3Mmep 3epeH meMeHTHTa MeJibue [IpH
Gosiee HU3KOA TeMneparype MpeBpalleHHS .

ChnenoBaTesIbHO, pa3Mep HEeMeHTHTHHIX YacTHH 3aBHCHT OT TeMmnepa-
TYphl npeBpallleHHsi ayCTeHHTa, a opMma LEMEeHTHTa — OT TeMnepaTypH
HarpeBa (TeMmepaTypH aycTEHH3alHH).

[IpeBpamienus Bblllle H HHXKe H3ru6a C-KpHBOH OTJHYAIOTCA MO
KHHeTHKe npeBpallleHHs H no ¢opme MPOAYKTOB pacrnaja.

Briute u3aru6a C-kKpHBOH, T. e. IPH MaJbIX NepeoxJaxIeHHsX, npe-
BpauleHHe HAYHHAeTCs H3 HEMHOrHX KEHTPOB, M KDHCTaAABl MNepJHTa
pacTyT no cronkHoBeHHs. HHxke naru6a C-kpuBo#i BO3HHKaeT HroJib4atas
MHKPOCTPYKTYpa, 00pasyiOTCSi HIJIbI-IIJIaCTHHBI, POCT KOTOpPHIX oOrpa-
HHYeH, H npeBpaileHHe NPOHCXOAHT IN1aBHHM oOpa3oM nyTeM MOsIBJACHHS
HOBBIX KPHCTaJIOB.

O6pasyomasica Huxe usrub6a C-kpuBofi Hronbuatass CTPYKTYpa
nojqyuusa HazBaHHe Oednum. [IpeBpamenue aycreHutra B GeAHHT HMeer
oflixe YepThl C MEePAKUTHHIM H MapTEHCHTHLIM [IpeBpalleHHsIMH, MMO3TOMY
¢ GeAHUTHBIM NpeBpailleHHeM cieflyeT MO3HAaKOMUTHLCA MOC/ae H3Y4YeHHs
npeBpallleHH ayCTEeHHTa B MapTEHCHT.

MH BHAeJH, 9T0 CKOPOCTh H30TEPMHUECKOro NpeBpamieHHs ayCTeHHTa onpefessiercs

BeJIHYHHAMM C. K. H 4. I
[TapameTp 4. . BeCbMa 9YBCTBHTeJIEH K PA3JHYHbLIM H3MeHEHHSM CTPYKTYPH CTalH.
Merannypruveckass NPHPOAa CTajlH, ee PaCKHCJAEHHOCTb, HaJHYHe HePaCTBOPEHHHIX Ya-

[ —

¥ Mo umenn ygenoro Tpycra (Troost). STy cTpykTypy HASHIBAIOT TaKXe TPOOCTH-
TOM H TPYCTHTOM; MocCJefiHee HaNMCaHHe, OYEBHAHO, camoe NMpaBH/JbHOe, HO HaHMeHee

ynorpeSuisemoe.





image62.png
CTHII, OfHOPORHOCTb AYCTEHHTa, pPa3Mep SepHA ayCTeHHTa — ()aKTOPH, BeCbMa CHJIBbHO
BJAMSIIOUME HA BeJHYHHY 4. . Hanuuue HepacTBOPeHHEIX YacTHLl yBeJNHYHBaeT 3HaYeHHe
Y. ., TaK KaK STH YaCTHUH HBAAIOTCA JOMONHHTENbHHIMH 3apOLILIEBEIMH HEHTPaMH.

VYBennuenne pasMepa 3epHa ayCTeHHTa yMeHbluaer Y. L. 3apoiblliH BO3HHKAIOT
NpenMylLecTBeHHO N0 rPaHHILAM 3epHa, N03TOMY Yy GoJlee KPYNHO3ePHHCTON CTaldu oblias
NPOTSXKEHHOCTh I'DaHHIL 3ePHa MeHbIlle, 4eM Y MeJKO3ePHHCTON, H, CJIeA0BaTeNbHO, YCJI0-
BHA AAS 3aDOXJEHHs LEHTPOB XYyXe.

Puc. 188. Crpyxrypa nepamra:

] — nnacrunvaroro (craan ¢ 1,0 % C), noaywennoro npn nar:eu Ro 900 °C (Bmie Acy) u
R3oTepMHuecxoro npespsuenus npu 710°C (g) w 670 °C (0); /I — sepuuncroro (crans
c1.2% C), nonYHenuoro npu Harpese Ro 780 °C (nHuxe Ac,) ¥ HsoTepMHYecKoOro npe-
spamennsa npr 710 °C (a) u 670 °C (6)

MMapamerp c. K. HeuyBCTBHTeJEH K mNepeuHcieHHHM ¢akTopam. Beanuuna c. k.
8aBHCHT TOJILKO OT COCTaBa CTaJH H AJIA AAHHOTO XHMHYECKOr'o COCTaBa SIBJSIETCH MpH-
poxHoli XxapaKTeDHCTHKON CTa/lH, 3aBHCALLeRl TOJbKO OT CTelleHH MepeoxJaxJeHHS.

IMoka Mu paccMOTpesin npeBpallleHHe ayCTeHHTa B NEPJHT, NPoTeKalollee B CTalAX,
no coctaBy GIM3KHX K SBTeKTOHAHOMY. EC/IM comepikaHue yriepona B CTajllH OTJIHYHO
OT 3BTEKTOMAHOTO, TO, KaK CJefyeT M3 AHarpaMMH XXejJe30—Yr/epof, NpeBpailleHHIo
ayCTeHHTa B MNepJHT NpeXuUleCTBYeT BhizefeHHe (GepPHTAa MM IIEMEHTHTa.

B IROSBTEKTOHAHHIX CTaAAX MpEBpallleHHE ayCTeHHTa HauHHaercs
¢ ofpasopanus ¢eppHTa H O6OralleHHs: YrjaepoAoM OCTaBLUErocsi y-pac-




image63.png
TBOpAa, 323BTEKTOHUAHBIX — C BblAeJIeHHs] LleMEeHTHTa H OOeJHEHHs YrJie-
pOJOM ayCTeHHTa. B ycnoBHsIX paBHOBeCHs pacmnaj aycTeHMTa Ha ¢ep-
pUT H LEMEHTHT (T. e. MEepJHTHOe MpeBpallleHHe) HacTynaeT TOrAa,
KOrZla COfepKaHHe yriaepoja B ayCTEeHHTe, OCTaBIUEMCS [10C/Ie BhleJIeHHS
H3ObITOUHBIX (eppUTa HJAH LeMeHTHTa, GyJeT COOTBETCTBOBAaTb TOYKe S
(0,8 %).

PaccMoTpum mnpeBpalleHHsi B YCJOBHSIX IEpeOXJIaXKAEHUS CTaJjeH,
pa3JIHYHBIX MO COJAEPKAHHIO yriepoja. Jlunua SE guarpamMmbl xesne3o—
yrJepoA YyKasblBaeT TpaHHLY TMPEAeNbHOrO HaCHIleHHS ayCTeHHTa
[IEMEHTHTOM; 3HAUHUT, LEMEHTHT MOXeT
BLIAENATLCS H3 aYCTEHHTA JIMLIbL [IpaBee tT} 3
auHun SE u, oueBHAHO, npaBee mpo- g, \¢
JIOJIDKEHHS1 3TOH JIHHHH BHHU3 B 00J1aCTH
nepeoxNakJeHHoOro aycreHura. AHaJno- \
rHYHOe 3Haue€HHEe HMEeT MPOJOJIKEHHe £ V 2 ___ 4
JuHUH GS KaK rpaHuubl NpPeAeJbHOro =
HACHILIEHUS NepeoxJiaXKAeHHOro aycre-

HHUTA (EepPHUTOM. = =,

Ecan 310 Tak, TO OJHOBpEMEHHOE 4= =
BbIleJIEHHe M3 aycTeHHTa H (eppHTa,
M LEMEHTHTA BO3MOXXHO JIMIIb IPH
YCJIOBHH  NEpechlllleHHss  ayCTEHHTa
0o0eHMH COCTaBJSAIOUMMH, T. €. JieBee 98 %
auuud GG' u npasee EE' — B 3amTpH-

XOBaHHOM TpeyrojibHHKe (pHC. 189). Puc. 189. Cocras sBTekrouna B sabuch-
DTO TaKKe O3HAYAET, YTO CTPOTO  posmosectoft TeMmepatyph As
onpele/IeHHbIA COCTaB 3BTEKTOHA HMeeT

MWL B YCJAOBHSAAX KpHCTa/iu3auuu 6e3 nepeoxnaxneHus (B touke S),
B PealibHbIX e YCJOBHAX COCTAaB 3BTEKTOHJA (NEPJIHT) XapaKTepHU3yeTcs
HHTEPBAJIOM KOHUEHTpPaUHH, orpaHHyeHHmIM naunusamu E'S u SG'.

DBTEeKTOHJ, 00pa30BaBUIMACS H3 MePeOXJa)KAEHHOro ayCTeHHTa H
HMEIOIHA KOHUEHTPALUUIO, OTJHYHYIO OT 3SBTEKTOMJHOH, HasblBaercs
K8a3U38MeKmMouUcoM.

M3 cxemnbl, npuseneHHOH Ha puc. 189 caenyer, yTo B 3a3BTEKTOHJHBIX
CTaNsiX KBa3HMIBTEKTOMJ, MOXET COJEep»Karb yrJaepopa 6oJbliie, a B JO-
3BTEKTOMJHBLIX CTajsix — MeHbiie uem 0,8 % u pasuuna Oyner Tem
Gosbllie, YeM HHXKe Temneparypa mnpeBpaieHus. CreroBaTeNbHO, 4em
HH)XXe TEMIeparypa MpeBpalleHHsl, TeM MeHbllue JOJIXKHO BhIAENHThCS
H3GbiTOuHOro (eppura (LEMEHTHTA), YTOOB HA4YaJOCh MNEpJMTHOE Tpe-
BpamenHe. [Ipu Temneparype Boictyna C-KpHBOH M HHKe pacnaj ay-
CTEHHTAa HauyHHaeTcsi 6e3 BbifieNeHHs H3OLITOYHBIX (as.

OnucaHHOe HAaXONUT OTpa)eHHe Ha JuUarpamMMme H30TePMHYECKOro
pacmaja aycTeHHTA.

Ha puc. 190 nokasana auarpamma H30TepMHYECKOro pacrnaja aycre-
HHUTa A/ JTO3BTEKTOUIHOH CTaJH B nosHoM Buje. Ha Helt npuBeaeHH! KpH-
Basi Hayasa BblaeneHus ¢deppuTa, KpUBas Hayajda W KPHBas KOHIA mpe-
BpaleHHUsl ayCTEHUTA B TIEDJIMT, a TaKxKe TOPH30oHTaMH Ag, A;, My 1 My,

Ilo 3Toit muarpaMme ocHOBHbIe CBefieHHsI 06 H30TepMHYECKOM MpeBpalleHHH MOXKHO
nosiyyuTb ANA AAHHOR cTanH npH a106oil crenenu mepeoxyaxiaeHusa. Hanpumep, npH
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nepeoxaaxfeHun a0 650 °C npespallleHHe HauHHaeTC Yepe3 HEKOTOpoe BpeMs Bhifiee-
HHeM H3 pactBopa cdeppuTa. PeppHT BhijesaseTcs B TeueHHe OnpefeNeHHOr0 BPeMeHHM,
nocje yero HaYHHaeTCs pacnaj ayCTeHHTa Ha NepPJIHT, KOTOpbIft 3aKaHYHBaeTCs Ha KPHBOH,
XapaKkTepHayiouleii Kounell npespameHuss. Ecau GuicTpo oxnaguts aycrenut Ao 550 °C,
TO NpeBpalleHHe Ha4yHeTcss NpsMo C o6pa3oBaHHs nepauta. [IpeBpamenne npu 550 °C
NpoTeKaeT 3HaYHTeAbHO CKopee, uem npr 650 °C

Ecny B3Tb He N03BTEKTOHZHYIO, 2 33a3BTEKTOMAHYIO CTajlb, TO NPH MaJWX mnepe-
OXJlaXJeHHAX pacnajy ayCTeHHTa Gymer NpefulecTBOBaTb NpeABapHTeNbHOE BLIJEJIEHHE
LIeMEHTHTA.

tC [ flpodyximel
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ayecmenuma y 1o A 3
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w0 HRC \\ Ay A+l
fleosum 70 800 e ~l 3
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Puc. 190. lnarpauma HsSoTepMHYECKOro Pacnafa aycreHnra Aas RossrexrougHoft crann (0.4 % C)

Puc. 191. OGobwenuan RuarpaMma NpeBPALCHHS NEPEOXAANMACHHOrO ayCTEHNTS B yraepoRucrof
cTanu

CBsi3b MeXKJly XapaKTepOM H30TepMHYECKOro NpeBpauieHHs ayCTeHHTa,
colepiKaHHeM YrJiepOAa H TeMnepaTypHo#l moKasniBaer o0OGuIeHHAs AH-
arpamMMa, npHBefeHHas Ha puc. 191.

B coorBercTBHH ¢ 3TOH 06O6LIEHHOA KHAarpaMMmofi pacnaj ayCTeHHTa
NPOHCXOAHT B HHTEpBaje TeMmepaTyp, OrpaHHYeHHOM TFOPH3OHTANASMH
A, n d. O6o3nauenue, a Takxxe GH3HYECKHHA CMBLICA Temneparyp, 0603Ha-
YEeHHBIX JIHHUSIMH e U d (TOYKH I ONpefeNeHHOTro COAEpIKaHHA YrJe-
pona), 6biu manel JI. K. UepnoBeiM. B coBpemeHHOt HHTepnpeTauuu
BhIILIE TOYUKH e CKOPOCTb AHG(DPY3HH JKese3a H JIETHPYIOUHX SJIEMEHTOB
AOCTaTOYHA AJI1 peajii3alluH COOTBETCTBYIOLIHX (a30BhIX MpeBpalleHHH.
Mexy TouKaMH e M d MOXeT NPOTEKaTb TaKoe NpeBpalleHHe, s KOTO-
poro focraTouyHa JaHuub AHpdysusa yraepopa. Huxe Touku d npespauie-
HUS MOryT ObITb TOAbKO O6e3an¢dysHoHHule (MapTeHCHTHHE). Mexny
FrOpH30HTaNSIMH A, — e npeBpauieHHe NPOUCXOAHT C obpasoBaHHEM
NNIaCTHHYATLIX CTPYKTYpP, a MeXAY TIOPH30HTalAAMH e—d — ¢ 06pa3o-
BaHHEM HroJb4aThlX CTPpYKTYp. Haknonnas aunus M nokasnBaer TeM-
nepatypy Hauana 6e3au¢dpy3HOHHOTO MApPTEHCHTHOrO IMpeBpaLleHHS.

HOuddysHonHblli nepauTHuil pacnaj 6€3 npeaBapHTENLHOTO Bblnee-
HHSA (eppHTa HJIH LIEMEHTHTA NPOUCXOAHUT B obnactu I; neBee aunuu SE’
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€My NpeAauecTByeT BhIAeJeHHe peppHTa, a nNpaBee JHHHH SU° — Bhijede-
HHe [IeMEHTHTa.

CnenoBatenIbHO, B 3aBHCHMOCTH OT COZEPKaHHs YIJIepoja M CTeNeHH
nepeox/aXKJieHHst CYLIECTBYIOT CJelyiouiie o06GJNacTH IMpeBpalleHHs
ayCTeHHTa:

I — npeBpaieHHe ayCTeHHT —- MEPJIHT;

I1 — npepBapuTenbHOe BhAeJdeHHe ¢GeppHTa H 3arTeM INpeBpalleHHe
ayCTEHHT —> NEpJIHT;
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Pxc. 192, HanoxeHHe Ha AHarpamMmy H3OTePMHUYECKOro pacrnajfia ayCTEHHTa KPHBHIX oXJaxJge-
HHA. CxeMul CTPYKTYP H HX TBepROCTb

Puc. 193. MapTeHCHT H TPOOCTHT, X 350

I11 — npenBapuTenbHOe BhiJeEHHE LEMEHTHTA H 3aTeM IIpeBpalleHHe
ayCTEHHT —> MepJIHT,;

IV — npeBpauienne aycreHHuT — GeHHHT;

V — npeBpaleHHe ayCTEHUT — MapTEHCHT H pacnaj OCTaTOYHOTO
ayCcTeHHTa ¢ cOpasoBaHueM OeiiHHTa;

VI — npeBpallleHHe ayCTEHHUT —» MAapTEHCHT;

VII — nepeoxJiaXkneHHBIH aycTeHHT coxpaHsiercsi 6e3 npeBpalleHHS .

ITocne paccmorpeHus mpouecca npeBpalleHUs] ayCTEHHTa MpH IO-
CTORHHOH TeMmMmepaType H pa3HbBIX CTeMeHSX MepeoXJaXKAeHHS MOXHO
nepeiT K pacCMOTPEHHIO Mpolecca pacrnaja ayCTeHHTa INPH Hempe-
PLIBHOM OXJIa)XKIEHHH, KOTJa CTajb, Harperasi 0 ayCTEHHTHOrO COCTOS-
HHsA, OXJIaXKJaeTCsl C Pa3HOH CKOPOCTHIO.

JlnarpamMma #30TepMHYeCKOro pacmaja ayCTeHHTa CTPOHTCS B KOOp-
AMHaTaxX TemnepaTypa—BpeMsi; B 3THX e KOOpAMHaTaX H306pakaioTcs
M KpDHBBIE OXJIaXJEHHS.

Hanoxum Ha auarpammy H3oTepMHUYeCKOro pacnajga ayCTeHHTa KpH-
Brle oxjaxieHus (puc. 192) L,

JluHust v, Xxapakrepusyiowas MeAJIeHHOe OXJaX[eHHe, nepeceyer
JIMHUH AMarpamMbl B TOUKax a; H b;. [Ipu 3THX Temneparypax, cOOTBeT-

1 Cm. chocky ua c. 210.
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Ecau cKOpoCTb OXJIaXKJAEHHSI CTaJli OT BBLICOKHX Temmneparyp (Bhbillie
Acsg) cTaHOBHTCSI JOCTAaTOMHO OOABWIOH (VU > Uyp, pHC. 192) nas no-
AABJIEHHS] pacrnaja ayCTeHHTa Ha (peppHTO-LEMEHTHTHYIO CMeCb, TO ay-
CTEHHT HCMbITHIBaeT MapTeHCHTHoe mnpespailenuve [Fe, (C) — F, (C)
uau A — M] ¢ of6pazoBanueM HOBOM ¢asnl B CTalH — MapTeHCHTa I,

MapTeHCHT B yrjiepoUCTOR CTaNH eCThb INepecChillleHHbIA TBepALIA pac-
TBOp BHeJpeHHs yrjepona B peweTky [Fe,.

MapTreHcuTHOE npeBpalleHHe ObII0 OTKPLITO NMPH H3YYEHHH 3aKaJAKH
H NEepBOHAYAJbHO MOJ HHM NOJApasyMeBaJiCsl TOALKO Mpouecc, NpUBOAS-
MK K oOpa3oBaHHI0O MapTeHCHTa B cTansix. OaHako BNocC/jeACTBHH ObiNo
YCTaHOBJIEHO, YTO MAaPTEHCHTHOE IIpeBpalleHHe CleyeT TPAKTOBaTh LIHpe,
TaK KaK ero XxapakTepHble 0CO6eHHOCTH HalJ0JaloTCsl He TOJbKO B CTa-
Js1X, HO U B JPYTHX XXEJE3HuX CIJIaBaxX, LBEeTHHIX CIJIaBaX U Jaxe B
noaynpoBoguuKax. [losToMy B Hacrosiuiee Bpemsi MOA MapTEHCHTHBHIM
npeBpalieHHeM NOHHMaercsl ocoObl# BUA (a30BOro nNpeBpalleHHsl B TBep-
JIOM TeJjie, npoTeKarouiero no 6e3auddy3HoHHOMY, CABUTOBOMY Me€XaHH3MY,
Ha3LIBAEMOMY MAPMEHCUMHbIM, A TION MApMEHCUmoOmM — MPOAYKT TaKOro
npeBpalleHus .

MoxxHO BHIZENUTH CAefyIOlIHE XapaKTepHble 0COGEHHOCTH MapTEHCHT-
HOrO MpeBpallleHUss B CTaJH:

1. MapreHcurHoe mnpeBpameHue — 6e3quddysnonHoe. Konuenrpa-
M yrjaepoja B MapTEHCHTE TaKas Xe, KaKk H B HCXOAHOM ayCTeHHTe,
MapTEeHCHT — llepeHachlllleHHbIH TBepAbli pacTBop yraepoga B Fe,.

2. Mexanusm A — M npeBpalleHHs] HOCHT CABHMTOBHIH XapakTep,
MO3TOMY Hanpsi)KeHHsl, BO3HHKAIOIHEe MPH OXJAXACHHH H NpeBpalleHHH,
ABJISIIOTCS ONpefeNSIOUIUMH JJIS1 KHHETHKH MapTEeHCHTHOIO NpeBpalLieHHs.
B mpouecce npeBpaieHHs] aTOMBI CMELIAIOTCS OTHOCHTEJNbLHO APYT Apyra
Ha pacCTOSIHHS, HE [peBHILAIOIHe MeXaTOMHbLIe; NPH 9STOM COCEeAH
M1060r0 aToMa B ayCTEHHTE OCTAKTCA €ro COCeAsiMH B MAapTEHCHTE.

3. HecMmoTrps Ha TO, YTO OTHOCHTENbHEIE NepeMellleHHss aTOMOB MaJlbl,
a6COJIIOTHEIE CMEeLIeHHsI aTOMOB NMPH MAapTEHCHTHOM NpeBpalleHHH MOTYT
NOCTHIaTh 3HAYMTENbHBIX MaKDPOCKONMHYECKHX pa3MmepoB (NpH 3TOM Npo-
HCXOAUT H3MeHeHHe (OpPMBI NpesBpallleHHOro o6beMa aycTeHuTa), 4TO
ABJASETCS CJIeACTBMEM CABHIOBOIO ME€XaHH3Ma [peBpallleHHss H TpH-
BOAUT K O00Opa30BaHHIO HAa NMOBEPXHOCTH MOJHPOBAHHOTO 1H(pa CTalH
xapakrepHoro peaseda (puc. 197) nmomobro HabmaofaeMoMy MPH MJIACTH-
jeckoil nedopmauuu (cM. puc. 42, 6).
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4. Kpucrannnyeckas pelierKka MapTEHCHTa B CTaJisaX He KyGHueckas
Kak y Fe,, a Terparonanbnas (0. u. T.) !, NpH STOM TeTparoHajibHOCTb
pelleTkH (OTHOLIEHHE MapaMeTPoOB ¢/@) JHUHEAHO YBEJNHYHBAETCH C POCTOM
ComepXaHHsi B cTaau yrJaepoaa (puc. 198), a B psijie BLICOKOJErH-

Puc. 197. Peaved (a) Ha nosepx-
HocTu wauda, BOSHHKaOWeER B pe-
synbTaTe MapTEHCHTHOro mnpespauge-
HHA, K cxema peaveda (6)

POBaHHBEIX CTajedl 3aBHCHT W OT COAEPXKaHHsA JIETHPYIOUIHX 3Jje-
MEHTOB.

5. Mexny KpHCTaJNMYECKHMH pelleTKaMH ayCTEeHHTa M MapTeHCHTa
CyLIeCTBYeT onpenesieHHOe KpHCTaaaorpadHyeckoe COOTBETCTBHE (OpHeH-

$. TalMOHHOE cooTHoWeHHe). B cramsx
- 403$ 5 M XeJesHBIX CIUIaBaX BCTPedaloTes
= 0 22" 18  OpHeHTalUHOHHEIE COOTHOLIEHHS,
= 28 a a3
s t Pl AngSE Onuskue K coorTHowenuio Kypawomo-
S / Eyg\ 3
S g _lussS Ba — 3akca (111)2[](101)m; [110]4
. 77 1S iy H 1), |
S L{ﬁ I M HIH nuramel (111),
Som 7z (10)w; (12114 | (101 1.
§ s 6. Haubpnee tunuuno#i copmoi
S02% &  MapTeHCHTHOrO KpHCTaJJIa siBJseTCs
s /g/K 105y MIACTMHA WIIH JHH3A C MAJLIM OTHO-
S0 Ao §  IIeHHEM TONUWMHB K ADYTHM JHHei-
g t }(395 o/ {1 § HbIM pasmepaM, HMeiollasi COXHOE
0,268 xylé S BuyTpenHee crpoerue. dopma Map-
Vi 0o, la liw &  TEHCHTHBIX KDHCTAJIOB COOTBETCT-
0284 . oo ase 2 = Byer MHHHMYMY YNpyro# SHepruH,

0z g5 10 1% G BO3HHKAIOWEA NpPH MapTEHCHTHOM

Puc. 198. IMapameTpnl KPHCTaANHYECKHX pe- npeBpalleHHH.
IWeTOK ayCTEHHTa H MapTEHCHTa H TeTparo-

HaAbHOCTb DpEWEeTKH B 33aBHCHMOCTH OT CO- 7. BPEMSI 06paSOBaHHﬂ OAHOro
Ropix Hecyenoparenen) (o pammmmM  ynycrania mapreHcutTa Metee 1077c,

a CcKopocTb ero pocra GoJee
10° cm/c, T. e. 6aM3Ka K CKOPOCTH 3BYyKa B TBEpAOM TeJe M He
3aBMCHT OT TeMIepaTyphl IpeBpalleHHS.

! Peutrenorpaguueckn ¢uxcupyercs npu C = 0,25+0,35 %.
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8. A — M npeBpameHHe npoTeKaer B ONpeAe/]eHHOM TeMNepaTypHOM
HHTepBaJle: HauHHaeTcs NPH TeMmneparype M, M 3aKaHUMBaeTcsl NpPH
Gosiee Hu3KOM TeMnepaType My (3TH TeMnepaTypH Ha3hIBalOTCH MapTeH-
CHTHRIMH TOYKaMH), 4TO MOXeT OLITb OMHCAHO MAapTEHCHTHOH KPHBOM
(puc. 199). Ilpu nanHoO# TemmepaType C rpoMajHOH CKOPOCThIO 00pa3y-
€TCs TOJIbKO OllpefieJIeHHOe KOJIHUeCTBO MapPTEHCHTA H A BO306GHOBJAEHHUS
npeBpameHHss CTaJb HalO0 OXJa¥aaTb B HHTepBajde My—M;.

9. Temneparypa My B IIMPOKOM JHana3oHe CKOPOCTER OXJaXKAEHHS
He 3aBHCHT OT ee BeJIMUHHH, a A — M npeBpaileHHe HEBO3MOXHO MOAa-
BHTb JAaxe NPH caMblX O6OJbLIMX CKOPOCTAX OXJaKAeHus 1,
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Puc. 199. Maprescurias xpusas

Puc. 200. 3aBuCHMOCTD MADTEHCHTHMX TOYeX OT COREpPXaHHsA yraepofa (No AaHHRM
PasHEIX HccaeRoBaTtesnefl)

10. MapTeHCHTHEIE TOUKH 3aBHCAT OT COCTaBa CTajIH; CHALHO M,
U Mg cHHxaer yriaepop (puc. 200).

11. A - M npeBpaueHse He HAET A0 KOHLA: B CTajJu BCerha Cy-
IIECTBYeT TAaK Ha3biBaeMbli ocTaTOuHbli aycteHUT (A; Ha puc. 199),
KOJIHYECTBO KOTOPOro YyBeJHYHBaeTesl NPH MOHHXKEHHH TOYKH M, Ha-
MpUMep 3a cueT JierHpoBaHus yraepogoMm (puc. 201).

12. TlpunokenHe BHEUIHMX YNPYrux HanpskKeHHH uaH aedopmaruit
YBEJHYHBAET KOJHYECTBO 0OpasyeMoro MapTeHCHTa H MOBHILAeT TeM-
nepatypy Havajna ero of6pasoBaHHsa . TemmepaTypa, HHXKe KOTOpOH
BO3MOXXHO 06pa3oBaHHe MapTeHCHTa npH nedopmanHH, o6o3nayaercs My

PaccmoTpiuMm noapo6GHee HeKOTOpHlE BOMPOCH TEOPHH MAapPTEHCHTHOTO
npeBpalleHHs .

MHOro4HCJEHHBIMH PEHTTeHOCTPYKTYPHEIMH HCCJIEJOBaHHSAAMH ObIJIO
YCTaHOBJIEHO, 4TO TeTParoHaJbHOCTb pellleTKH MapTeHCHTa CTajedl yBe-
JHUYHBAETCA C POCTOM COJNEPXKAHHS YIJaepoja [0 3aBHCHMOCTH c/a =

1 Kpome cayuyass o6pa3osaHMs H30TePMHYECKOrO MapTeHCHTa (CM. Haiee).

3 IIpu nedopmanuu aycTeHHTa BO3HHKAIOT JBA THNA MApPTEHCHTAa: MAPTEHCHT Hanps-
XeHRA (ero o6pasoBaHue HHHLUHHPYETCA HANPAXKEHHAMH HHXe npejiesia TeKy4yecTH aycTe-
HHTa) B MapTeHCHT RedopMauHuH (COOTBETCTBEHHO BhIileE).
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Bednumroe npespaujerue (Ha3aBaHHOe TaK Mo HMeHH yweHoro 3. Befina)
MepeoxJMaXKAEHHOro ayCTeHHTa MPOHCXOAHT B HHTEpBajie TeMNeparyp
HHXKE MEDPJIHTHOrO H BhIIU€ MapTEHCHTHOrO HHTepBaja NpeBpalleHHH,
NO3TOMY €ro HHOrZa Ha3LiBalOT N POMEX YTOY H bl M.

Onpenensiowest oco6eHHOCTbI0O GEAHMTHOrO NpeBpalleHHsT SABJsIETCS
TO 06CTOATENLCTBO, YTO OHO MPOTEKaeT B HHTepBaJie TeMnepaTtyp, KOraa
MPaKTHYECKH OTCYTCTBYyeT camoAk(d¢ysHa kesnesza H Auddy3usa Jerupy-
IOLUIMX 3JIEMEHTOB, HO HHTEHCHBHO MOXeT NnpoTteKartb JHPPy3Hs yraepona,
T. €. HHTepBajJl GEHHHTHOro nmpeBpallleHHsl pacnojioxkeH Builie ToukH (d),
HO HHxxe TOYKH (e) UepnoBa (cM. pHc. 191). Brauane aycrenur obesnns-
€TCsl H3-3a BblJieJIeHHs] KapOHAOB yrjaepoia M NpPH JOCTHXKEHHH Heo6-
XOAMMOro OGEAHEHHsI NMPOHCXOAWT MapTeHCHTHas peaKuusa. Uem BHie
TeMIlepaTypa H30TEDMHUYECKOM BHIAEpXKKH, TeM OoJblue ROMKHO NpoO-
H30ATH OGeAHEHHE ayCTeHHTa, TeM MeHee YIJIEPOAHCTHIA ayCTEHHT mnpe-
TepneBaeT MaPTEHCHTHOE NpeBpalleHHe, TepsAs THITHYHbLIE )11 Hero YepTHl.
[losToMy BHemwHHA BHA CTPYKTYpPH GeAHHTAa CyLIECTBEHHO 3aBHCHT OT
TeMIiepaTtypel ero o6pa3oBaHHA.

O6uiuno GeAHHT jpeaaT Ha BepxHHR (puc. 217, @) M HHXHHA
(puc. 217, 6), ofpasylowufics COOTBETCTBEHHO B BEPXHEM H HHIKHEM
HHTepBaje TeMmnepatyp OefiHHTHoro npeBpauleHHa. Huxxanfi GeAHHT
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no cBoei mpHpoje H CBOACTBAM MaJio OT/JHYAETCss OT H30TepMHYECKOro
(peeuHoro) MapTeHcCHTa.
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OTnyck 3akJio9aeTcsi B Harpese 3aKaJieHHON CTalH, CTPYKTypa KOTOpof
COCTOHT H3 TETparoHaJlbHOro MapTEHCHTa M OCTaTOYHOrO aycCTeHHTa,
RO TeMmepaTyp HHxe Ac,, BulgepXKe NPH 3Tofl TemMAepaType H nocjeny-
loueM oxJsiaxkaeHHH. Tak KaKk MmapTeH-
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Pue. 219. Kpussie nponeccon, Cosepmampmuxct NpR OTnycKe

CTajlH ABJASETCAs HecTaGUALHOR H NPH OTNYCKe MPOTEKAlOT NPOLECCHI,
NPHBOASIIHE K PaBHOBECHOMY COCTOSIHHIO CTalid, 4TO, OYEBHAHO, Gyner
ROCTHraThCsl BLIJIGJICHHEM YIJIepOAa H3 MAapTEHCHTa H OCTaTOYHOro aye
CTeHHTa.

HunaromerpHuecKue HccAenoBaHHs ! mpoueccoB, NMPOTEKAOMHUX NPH
OTNYCKE 3aKaJIeHHOH yrjepoAaMcTofl CTajlH BHABAAIOT TPH Temnepa-
TYPHHIX HHTEpBaJia H3MeHeHHs JJAUHH o6pa3uoB: yMeHbllueHHe npu 70—
150 °C, yBeanuenune mpu 150—300 °C u cHoBa yMeHblleHHe JJIMHH NpH
300—400 °C (puc. 218). C aunaromeTpHYeCKHMH RaHHLIMH KOpPEJHPYIOT
pesyJbTaThl H3MEpEHHS 3JeKTPOCONPOTHBJEHHS!, MarHHTHOH HHAYKUHH
H Apyrux csofictB. COOTBETCTBYIOLLHE NMpeBpalleHHs NMPH OTHyCKe Ha3hl-
BalOTCA NepBLIM, BTOPHIM H TpeTbHM. TaK KaK HCXOAHOMR sBJseTCA CTPY-

! HccaepoBanus usMeHeuus AnMHB 00pasua NpH Harpese W oxaaxaeHWH. Hcnoss-
sosanue auddepernHannrHofl cxemn npuéopa — JHAATOMETPa NO3BOJASET YCTPAHHTL pac-
mupeHHe o0pasla, CBAsSaHHOe C H3MeHeHHeM TeMnepaTypsl, H (HKCHPOBaTb TOJNbKO
MSMEHeHHS, CBA3aHHME ¢ NpeBpamICHHSMH,
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KTypa, COCTOfillas M3 MapTeHCHTa H ayCTeHHTa, a yAeabHHA ob6beM
MapTeHCHTa BLIllle, yeM Yy aycTeHHWTa, TO NPH NpeBpalleHHH MaPTEHCHTA
o6beM OyneT yMmeHbllaTbcsl (cxxaTHe o6pasia), a IpH MpeBpalleHHH
ayCTeHHTa — yBeJIHUHBaTbCs (paciuupenHe obpasna). TakuMm o6pasom
nepBoe W TpeTbe [pEBpalleHHs] CBf3aHBl C HU3MEHEHHSIMH COCTOSIHHSA
MapTEHCHTa, a BTOpoe — C H3MEHEeHHeM COCTOSIHHS ayCTeHHTa.
Boabiiyio posib B BBHISICHEHHH CYHIHOCTH NPOLECCOB, MPOTEKaIOUIHX
NpH OTNYCKe, HIPalOT PEHTIreHOCTPYKTYpPHBIE HeclenoBaHus. Brio ycra-
HOBJIEHO, YTO MepBOe IIpeBpallleHHe CBS3aHO C pacnajgoM MapTeHCHTa,
BTOpOe C pacliafioM OCTaTOYHOTO ayCTE€HHTa H TpeTbe C JopacrnajaoM Map-
TeHCHTa H Kap6HnoobpasoBanueM (puc. 219).JdanbHeiiine uccieqoBaHus,
npoBefieHHLIE ¢ [IPHUBJIEYEeHHEM CaMbIX Pa3HOOOpPa3HEHIX METOJOB HCCJelO-
BaHHUA MNOKa3aJjH, YTO JeJieHHe MPOLEeCcCOoB, NPOTEKaloUUX NPH OTNYyCKe
Ha TPH CTaAHH AOBOJILHO YCJOBHO; KpOMe TOro, B TeMnepaTypHbIe HHTep-
BaJibl 3HAYHUTEJIbHLIE NONPABKH MOTYT BHOCHTbH JIErMDVIOUIHE 3JIEMEHTHI.
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YBe/nnueHHe CKOPOCTH HarpeBa IIPH OTIYCKe CMeIaeT TeMIepaTtypy
Haya/la BCeX NpeBpalleHHH BBEpX MO TeMNEpPaTypHOi IuKaje, 4YTO CBS-
3aHO C TeM, YTO MpPEBPalleHHsi NMPH OTNycKe — AH(DGY3HOHHBIE M MPH
OuYeHb OBLICTPOM HarpeBe He YCNEBalOT MpPOMTH JO KOHLA.

Puc. 220. Muxpocrpykrypa craam (0,45 % C), X 500:
a — ornyck npy 400 °C, tpoocrut; 6 — ornyck npu 550 °C, cop6ur

Hroabuathiii xapakrep CTpOEHHS MapTeHCHTa COXpaHseTCs A0 BhLICO-
KHX TeMNepaTyp H TOJbKO NMPH NMPOROJIKHTeAbHOM oTmycke mpH 650 °C
BMECTO HrOJIbYaTOH MapTEHCHTHOH CTPYKTYpb! HaGJIOfalOTCs paBHOBecC-
Hble MesNKHe (eppHTHHe 3epHa. JlanbHeliee MOBbIIIEHHE TeMIEPaTyphl
MPHBOAHT K MpoLeccaM BO3BpaTa (MPEHMYILECTBEHHO YMEHbIIEHHIO MJIOT-
HOCTH AHCJIOKauHi) B GeppHTe H peKPHCTANIH3AUHH (HepPHTHLIX 3€peH.

Cranb, ornyuwenHas npu 350—-500 °C, umeer CTPYKTYPY TPOOCTHTa
(puc. 220, a), a npu 500—600 °C — cTpyKTypy copbura (puc. 220, 6).
OTH CTPYKTYpPH npeicTaBisiouHe co6oii cMech leMeHTHTa H ¢eppHTa,
pasjnyaloTcsl MO TBEPROCTH M CTeNeHH AHCMEPCHOCTH LEMEHTHTHBIX yYa-
CTHIL.
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1. Knaccnpuxkauus JerHpoBaHHHIX cTaned

JlerupoBaHHBIE CTaJ¥ MOr'YT GHITh KaAacCHOHIHPOBAHH 1O YeTHIpeM MpH-
3HaKaM: [0 PaBHOBECHOH CTPYKType MO CTPYKTYpe mocje OXJaxKACHHS
Ha BO3JlyXe, MO COCTaBY H MO Ha3HAYEHHIO.

Kaaccuguxayus no pasrosecrold cmpyxkmype

1. JLosBTeKTOMAHLIE CTaJH, HMeIHE B CTPYKTYpe H3OLITOUHBIN
beppur.

2. DBTeKTOHIHBIE CTaJH, HMelollHe NepJUTHYIO CTPYKTYPY.
3. 3a3BTeKTOHAHHIE CTanAH, HMe-

‘ﬁ Z IMn | si Cr l:ﬁln IolHe B CTPYKTYpe U3OHITOYHLIE (BTO-
S VAN PHYHBIE) KapOHIHL.

£ olsiftlienw N\ 4. JleneGypuTHHE cTagd, HMe-
A TERNEN IollHe B CTPYKTYpe NepBHYHHIE Kap-
Y LAY N 6MALI, BHAECNHBIIHECS H3  JKHAKOH
2 4 \ N | | cranml. B JutoM BHAe H3GLITOUHHIE
S ; \‘\\\\ KapGHIb COBMECTHO C aYCTEHHTOM
S

o6pa3yioT 9BTEKTHKY — Jele0ypHT,

0 020406081012 741616 C% xoTopHi NpH KOBKE HJH HPOKAaTKe
Prc. 285. Bausmme merHpyomHx sre. pas3buBaercss Ha o6oco6JieHHLIE Kap-
MEHTOB Ha mnodoxenwe Ttouek S u E OHJABI H dAYCTEHHT.

B cootBercTBHA ¢ AHarpammolt Fe—C 109BTeKTORAHNE YrepOAHCTLIE CTAaNH COREePXKAT
meHee 0,8 9% yraepona, seTeKTOHAHHE OKojo 0,8 9%, 3asBTekToHAHKE 0,8—2,0 04 u se-
nedy%nmue G6onee 2,0 %/,.

OJILLTHHCTBO JIETHPYIOIIHX SJeMeHTOB cABHraer Touky S H E (na gHarpamme coctos-
HHa Fe—C) B CTOpOHY MeHbIEro cofiepKaHHs yriepoAa, no3TOMy rpaHHlIa MeXAy A0SB-
TGKTOHAHHIMH H 3a3BTEKTOHAHHIMH CTaJISIMH, 3a3BTEKTOHAHLIMH H Jiele6yDUTHHMH — B Jie-
THPOBaHHEIX CTaNSIX JI@XHT NPH MEHbIUEM COJepPKAHHH yIiepofa, 4eM B YIJIepOXHCTHIX.
Tak, npu 5 9% Cr ctanb ¢ 0,6 % C sBasercs 3assreKToHAHOM, a ¢ 1,5 9% C — neneGypur-
Hoft. BiusHMe pas/JHYHLIX 3JIEMEHTOB Ha nojoxkeHHe Toyek S U E nokasaHo Ha puc. 285.

Kax 6nl10 oTMeyeHo, npH GoabLIOi KOHIeHTPALHH SJeMeHTa, CyXKalomero y-o61acTs,
npeBpameHHe y == G oTCyTCTBYyeT ((peppHTHHE cniaBwl). CienoBaTesbHO, Kiace ¢peppur-
HHX cTajeff nMojyuaeTcs NMpPH BBICOKOM COAEPXKAHHH SJEMEHTa, cyKaiouero y-obyactr H
MaJIOM COJlepXKaHHH yrJjepoja, pacuupsiomero y-o61acTb.

Taxxe MoxeT GHTb NOJyYeH Kjacc ayCTeHHTHHX cTajefl. [IpH JoCTaTouHO BHICOKOM
COlepXKaHHH 3JIEMEHTOB, PACINHPSAIOMHX Y-00JacTh, NMOJYUYAIOTCA CTANTH, B KOTOPHIX CO-
XPaHNeTCsl ayCTEHHT NpPH OXJaXAEHHH O KOMHATHON TeMnepaTypHI.

CnepoBaTesibHO, KpOMe HOSBTEKTOHAHOrO, 3BTEKTOHAHOrO, 3a9BTEKTOHAHOIrO H JIefe-
6ypPHTHOr'0 KJIaCCOB, MOTyT ellle GbITh JierHpOBaHHble CTajJiH (eppHTHOrO H ayCTeHHTHOrO
KJIaccoB 2,

! ITo cTpyxType Nene6ypHTHBIE CTAMH AOJXKHL GbITh OTHECEHH K uUyryHaM (6GeJsbiM).
JKenesoyrsiepoaucThlie CniiaBel ¢ cojpepxkarueMm Goaee 2,0 % yraepoma, T. e. 4yryHH,
NMPH HAJHYHH JefeGypHTa He KyioTcA. B JierHpoBaHHLIX cTajnsx JgeneGypHT ofpasyercs
Mpu MeHblUeM cofep:XaHuH yraepona. IlpucyrerBue jsene6ypHTa H B JIETHPOBaHHLIX CTa-
JIAX 3aTpyHAHAET KOBKY, HO He JieJlaeT ee HEBO3MOXKHOM.

? BosMOXHBl ellle TaK Ha3HBaeMble NPOMEIKYTOYHHE KJacchl — noJsydeppHTHhIH
HJIH NOJIYayCTEHHTHHIA; — 3TO TaKHe CTajJH, ¥ KOTOPHIX y==Q-NpeBpallleHHe [IPOHCXONHT
Y3CTHYHO.
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Knraccudpuxkayus no cmpyxmype nocae oxraxcOeHus Ha 6030yxe

YuuTHBasA CTPYKTYPY, NOJAYUaeMyio NOcJje OXJaxIeHHs Ha CNOKOHHOM
BO3JlyXe 0o0pa3LoB HeOOJIbIION TOJIIHHLI, MOXHO BLIAEJHTb TPH OCHOB-
HEIX KJacca craneii ': 1) nepauTHHI; 2) MapTeHCHTHEIA; 3) ayCTEHHUTHHIA.

Crany nepJHMTHOrO KJacca XapaKTepH3YIOTCS OTHOCHTEJBHO MaJbiM
colepKaHHeM JIETHPYIOLIHX 3JIeMeHTOB, MapTeHCHTHOro — 6oJiee 3HA4YH-
TeJIbHBIM H, HaKOHell, ayCTEHHTHOrO0 — BBICOKHM COAEpXKaHHEM JIeTHpY-
IOIHUX 3JIeMEHTOB.

[TocTapaeMcs cBsi3aTh MoJiyd4eHHe TpeX KJACCOB CTaJH ¢ KHHETHKORA
pacnaza aycreHHTa.

0
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Puc. 286. [IuarpamMa H3OTEePDMHYECKOro pacnaja aycTeHHTa JAns Crajnel nepsanr-
Horo (a), mMapTeHCHTHOro (6) H ayCTeHHTHOro (6) KJaaccos

[lonyueHune Tpex KjaaccoB cTajH oOYCJOBJEHO TeM, YTO NO Mepe
YBEJIHYEHHS COAEPKAHHUS JIETHPYIOUIUX 3JIEMEHTOB YCTORYHBOCTb aycre-
HHTa B NepauTHOH oO6jacTH Bo3pacraer, a TeMmnepatypHas obnaacTth
MapTEHCHTHOIO NpeBpalleHHs] MOHHXKAETCS, UYTO ¥ OTPAXKEHO Ha AHarpam-
Max H30TepMHYEeCKOro pacnaja aycreHura (puc. 286).

IOna nerupoBaHHBHIX cTaJjel NepPJAHTHOro Kaacca (Kak M Anas yrJae-
POAMCTHIX) KPHBasi CKOPOCTH OXJaXHAeHHs Ha Bo3jyXe OyJeT nepecekarb
o6s1acTb NepJUTHOro pacnaga H 6yAyT nosydatbcsi CTPYKTYPH — mnep-
JIUT, COPOHT, TPOCTHT.

Y crajlel MapTeHCHTHOro Kjacca o6JiacThb NepJUTHOro pacrnaja yxe
3HAUHTENbHO CABHHYTa BnpaBo. [losToMy oxJaxIeHHe Ha Bo3jyXe He
NPUBOAUT K IIpeBpallleHHIO B NepJHUTHOH 006,aCTH — ayCTEHUT 3Jech
nepeoxJjaxnaercs 6e3 pacnajga Jo TemnepaTyp MapTEeHCHTHOro npespa-
[IeHHs, T'Ae H NPOHCXOAMT oOpa3oBaHHe MapTEHCHTA.

JanbHefillee yBeJqHYeHHE COLEPXKAHMUSA YIJepoAa H JerHpyiomero
9JIEeMEHTa He TOJBbKO CABHraeT BNpaBo 06jacTh NEPJAUTHOro pacnazna,
HO M CHH)KaeT MapTEeHCHTHYIO TOYUKY, nepeBoiss ee B o6jacTh OTpHUIA-
TeJbHBLIX TeMnepatyp. B sToM cayuae craab, oXJiaxkJeHHasi Ha BO3jyXxe
JO KOMHATHO® TeMnepaTyphl, COXPaHHT ayCTEHHTHOE COCTOSTHHE.

1 3ra knaccudpukauus Ghiia npepjoxeHa ppaHnysckuM yueHuM JI. Irfie 1 nostomy
HHOrja HasHBaeTcs Kjaaccudukands no I'mifte; kaaccHpHKanus no CTpyKType B paBHO-
BeCHOM COCTOSIHHH npeasoxeHa. O6eprojdepoM M HHOra HasHBaeTcs KJacCHPHKANHS
no O6eprogppepy




image76.png
OrMmeuaeM, 4TO paccMOTpeHHas KihaccHPHKANHs YCJOBHA H OTHO-
CHUTCSl K CJYy4al0 OXJaxKJaeHHs Ha Bosiyxe o6pasioB OTHOCHTEJNBHO
HeGOJIbIIHX pasMepoB. MeHsis yCJOBHS OXJIAXKAEHHS, MOXKHO IOJYy4aTh
M pasHble CTPYKTYpPH. Tak, NpH 3aKajKe NepJHTHOA CTaau MOXeT GHThb
nojyyeHa MapTEeHCHUTHAs CTPYKTYpa, a NPH MeAJeHHOM OXJamKACHHH
cTajlb MapTEeHCHTHOI'O KJjacca HMCNLITHIBaeT MNpeBpaileHHe B NEepJHTHOR
ob6aactu. OxJaxaeHue ayCTEHHUTHON CTaJH HHXKe HYJs MOXET BHISBATbh
B Hefl MapTEHCHTHOe mnpeBpallleHHe.

Kaaccudurayua no cocmasy

B saBHCHMOCTH OT COCTaBa JIerHPOBaHHLIE CTaJH KJacCHPUIHPYIOTCSH
KaKk HHKeJieBble, XPOMHCThIE, XPOMOHHKeJeBhe, XPOMOHHKeJbMOJAHGAe-
HOBHle M TOMY nofoOGHble cranu. KiaaccHpukauuoHHLIA NpusHaAK —
HajiuuMe B CTAJH Te€X MJH HHHX JETHPYIOUWHX S/eMEHTOB.

Kraccuppurayus no nasraweruso

B saBHCHMOCTH OT HasHaYeHHs CTaJH MOXKHO OOBeIHHHTb B CJEAYIOIHe
rPYIIH.

Koncmpyxyuonnas cmasb, WAyllas Ha HSTOTOBJIEHHe perajell Ma-
wnHE. KoHcTpykuuOHHAas crajlb, Kak NpaBuJO, Y norpeGHTesNst noasep-
raercsi TepMuueckofi obpaGorke. I[losToMy KOHCTPYKOHMOHHHE CTaJH
MOAPAsSAENSAIOT HA LIeMEHTYeMRle (MOoxBepraeMule IIEMEHTallKH) U yJaydiua-
eMbie (noaBepraeMule sakajike H OTIYCKY, [paKTHYeCKH He 0053aTesbHO
BHICOKOMY).

bBauskue no coctaBy K KOHCTPYKIMOHHLIM CTajlfiM, HO He NpejHasHa-
YeHHble AJI8 TepMHuecko#t 06paboTKuH Yy mnotpeburtens, OOBeAHHSIOTCS
B TPYNIy Tak HashHIBaeMHX CmpoumeabHbix craieli (OHH B OCHOBHOM
NPHMEHSIOTCA B CTPOHTEJNbCTBE). HacTo HX HasHIBAIOT HUSKOAL2UPOSAN -
HOMU.

Hucmpymernmarenaa cmane, uaylias Ha HSTOTOBJEHHE peXYIIero,
MSMEDHTENbHOr0, IUTAMIOBOrO H mnpouero HHcTpyMmeHra. HHcrpyMmeH-
TaJbHbBIE CTaNH YCJAOBHO MNOAPasAENsIOT HAa cCjeAylollHe YeThipe Kare-
rOpuH: Yesepoducmbie, Je2UPOBAHHbIE, wWmamnoesle H Obicmpope-
aywue.

Crtranu M cnaaBH ¢ OCOGHMH cCBOHRCTBaMHU.
K HuM oTHOcsiTCs cTanH, obaajamomupe KaKHM-HHGYAb pPe3KO BLIPaXKeH-
HEIM CBOHCTBOM: Hepicaserowjue, Naponpounsle u menaoycmotivussie,
usrocoycmotiuusbie, ¢ 0COGEHHOCMAMU MENA08020 PACULUPERUR, C 0COOLIMU
MA2HUMHBIMUY U SaeKmpuvecKumu ceodcmeamu U T. J.

B psne cayuaeB 3TH cTanu copepxaT Takoe 60JbLIOe KOJHYECTBO
JIETHPYIOIIUX SJ€MEHTOB, YTO HUX HYXHO MPHYHCIAATD He K CIJaBaM
JKeJjiesa, T. €. He K CTaJfiM, 4 K CJIOXXHBIM MHOI'OKOMIIOHEHTHLIM CIJIaBaM.
OnHako uYeTKOfi rpaHMIHW MeXJAY TAKMMH CIJIaBaMH M CTajlsiMH HeT,
H NMOSTOMY HX NpHIETCS paccMaTpPHUBaThb BMecTe co craasMu. bBoJsee Toro,
HEKOTOpEIE H3 TaKHX CNJIABOB MOTYT BOBCE He COAepxKarb Xejesa, XOTS
no cBoficTBaM ¥ HasSHAYEHHIO OHH GJIHMSKH K CIlJ1aBaM, B KOTOPHIX OCHOBHOR
SJIEMERT — JKeJie3o.




