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1.ЦЕНТРАЛЬНОЕ РАСТЯЖЕНИЕ И СЖАТИЕ ПРЯМОГО 

СТЕРЖНЯ 

Центральное растяжение-сжатие стержня .........................................................  

 .................................................................................................................................  

 .................................................................................................................................  

Внутренние усилия определяются ......................................................................  
который состоит в следующем: ...........................................................................  

− ................................................................................................................  

− ................................................................................................................  

 ..................................................................................................................  

− ................................................................................................................  

 ..................................................................................................................  

 ..................................................................................................................  

 ..................................................................................................................  

Правила знаков:………………………………………………………. 

 

 

 

 
 

 

 

 
Деформации в стержне 

 

 
 
 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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Задача 1.1 Для заданного стержня ........................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 
 

E = ................................................................................................................... ……. 

 

 

 
 

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  
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1.Определение .......................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

2. Построение эпюры  ...........................................................................................  

Внутренние усилия определим ............................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
 

3. Построение эпюры ............................................................................................  

 .................................................................................................................................  

_____  F =………см
2
  ,   σ = —— = ——— = ......................................................  

 

 .................................................................................................................................  
 

 .................................................................................................................................  
 

 .................................................................................................................................  
 
 .................................................................................................................................  
 

 .................................................................................................................................  

 

4. Построение эпюры ............................................................................................  

Определение  .........................................................................................................  

 

∆     =  ―――  =  ―――――          .....................................................................  

 

∆      =  ―――  =  ―――――        ......................................................................  

 

∆      =  ―――  =  ―――――         .....................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  

 

 .................................................................................................................................  
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Задача 1.2 Абсолютно жесткая балка  ….., имеющая шарнирное опирание в 

точке С, поддерживается стальным стержнем АВ, находится под действием 

сосредоточенной силы Р =………кн и собственного веса G………………  
 

Расчет произвести по первой группе предельных состояний, класс 

сооружения по ответственности принять КС-3, коэффициент надежности 

по…………………………..  ……………..равен .................................................  

Коэффициент надежности по нагрузке 

−для силы  ..............................................................................................................  

− для собственного веса  .......................................................................................  

Поперечное сечение стержня АВ состоит из  .....................................................  

………………., марка стали .................................................................................  

 .................................................................................................................................  

− γm = 1,025 ............................................................................................................  

− γс = 0,9 .................................................................................................................  

Определить .............................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

E = ...........................................................................................................................  

 

 
 

1.Определение расчетной ...................................................................................................  

Р……= ..........................................................................................................................................  

2. Определение расчетного значения .............................................................................  

 …… =  ...................................................................................................................  
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 .................................................................................................................................  

3. Определение продольного усилия в стержне   .......................................................  

∑ М     = ..................................................................................................................  

 .................................................................................................................................  

4. Подбор сечения стержня АВ  ............................................................................  

Условие прочности при центральном растяжении-сжатии стержня 

 
 

 

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 

5. Определение удлиннения ∆l стержня АВ .................................................................  

 

  ∆ℓ  = ......................................................................................................................  

 

 .................................................................................................................................  

 

 

 

 

 

 
 
 

 

Задача 1.3 Определить размеры поперечного сечения, учитывая  ....................  

 

          ........................................................................................................  

 

                          ........................................................................................................  
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2.ГЕОМЕТРИЧЕСКИЕ ХАРАКТЕРИСТИКИ СЕЧЕНИЙ 

 

1. Площадь сечения  F = ∫∫. ......................................................................................  
 

 
 

2. Статические моменты. 

 
                                                                Величина  S  : ……,………,   = ..............  
Центральными осями называются оси, проходящие через центр тяжести сечения. 

∑S    = ……..,∑S  …= ……..-  статические моменты относительно центральных осей 

равны нулю. Это соотношение используется для проверки  правильности  определения   

координат центра тяжести сечения. 

 

                                                                             Формулы для определения координат 

x  = ———    ,   y  = ———                               центра тяжести сечения 

 

Где ∑S     ,∑S      − статические моменты сечения относительно произвольно 

выбранных  осей. Сечение разделяется на простые  элементы, обозначаются  центры 

тяжести этих элементов. Произвольные оси проводятся так, чтобы расстояния от 

центров тяжести элементов сечения до выбранных осей было известно. 

Задача 2.1   Определить центр тяжести сечения. 

                                                                       x   -  ........................................................................  

                                                            F1   =…………………,..F2   = ..............................  

 F  =…………………………………………………….. 

 y  = ………………… .y  =…………………………… 

∑S  =…………………………………………………… 

…………………………………………………………… 

 

y   = ———— = ————— =.................. 
 

                                                                       Проверка:  ∑S     = .......................................  
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y   = …………………,y   = .......................................................................................  

 ∑S     =  ......................................................................................................................................  

 ......................................................................................................................................................  

 

3. Моменты инерции сечения. 
                                              Осевые моменты инерции сечения, величины только 

J   = ∫∫…….d……          положительные. 

                                     …………………………………………………………. 

J   = ∫∫…….d……    -    момент инерции относительно оси y 

 

J     = ∫∫……….d…..     центробежный момент инерции 

                                            сечения относительно осей x ,  y  

 

J x ….J y                        J………………                                       r 
2
 =…………… 

J xy .....                                                                 ∬      ∬(   )     

…………………………………………… 

 

Моменты инерции сечения простейших фигур 

Прямоугольник. 

                                         dF  =  ………….. 

 

        J   = ∬   d… =  ….d….= b·— |  =  — [(— )   −  ( –  —)]  =  

 

 

                         J   = ——   ,     J   = —— 

 

 

Треугольник.                                                               Равнобедренный треугольник 

 

 
    J   = ——  -  момент инерции 

         …………………………………….                         J   = ——     ,   J   = ——  

 .................................................................................................................................  
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Круг                                                                                            Полукруг. 

.  

 

J  = J   = ———  ,                                        J   = ………       ,     J   =  ———  
 

Зависимости между моментами инерции  сечения относительно 

параллельных осей 

 
Дано :    x   ,  y – центральные оси, 

     J    ,J   , J      - моменты инерции относительно 

центральных осей 

       ———————————————————— 

                  J    , J     , J       - ?     

 

    y   = …………………..  - ………………………………. 

. ………………………………………………………………. 

 

 J   =∬  d..  =  ∬(    ) d..  =…∬   d…  +   2a ∬ d…  +  2 a ∬   dF 

 

                    
 

                    
 

                    
 

 

Задача 2.2     Записать выражения моментов инерции заданного сечения относительно 

осей  u   и   υ. 
 

       Дано:     b  ,  h  ,  d ……………………………………… 

 

 J    = ………………………………………………… 
 

 

 J    = …………………………………………………. 
 

 

 

 

 ......................................................................................................................................................  
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Моменты инерции сечения при повороте осей 

 

J   =∬ . d…  ,   J   =∬  d… , J    =∬ …..d… 

 

                                   
 

                                    
 

    
                 

 
                 

. 

          J   +  J   =  J    +   J      -  

………………………………………………….. 

 

Главные оси и главные моменты инерции сечения 
 

Главными осями называются оси , .................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
 

—— = …….,       − 2 J  sinα cosα + 2 J  cosα sinα −2J   cos2α = 0 , 

 

 − 2 ﴾ —————sin2α  +  J     cos2α﴿ = 0,      tg2α = − ————   ......................  
 

Главные моменты инерции :  J   =  ———— ± √  ————   +  .............................  

 

Положение главных осей :       tgα   = —————      ,  tgα   = ————— .  

 

 .................................................................................................................................  

 .................................................................................................................................  

4. Моменты сопротивления сечения  -  ................................................................................  

 ......................................................................................................................................................  

 

                            W  = —— ,    W   =  —— , 

 

                        W  = —— ,   W   =  —— . 

 

……………………………………………………………. 

 

5. Радиусы инерции сечения.                           i   =  √ ——  ,     i   =  √ ——    .            

 

  Главные радиусы инерции сечения              i   =  √ ——  ,     i   =  √ ——   .           
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Свойства моментов инерции сечения 
Знак центробежного момента   инерции сечения меняется на противоположный, если 

две взаимно перпендикулярные оси повернуть на 90˚   

 
Пару главных осей представляют ось симметрии и лябая ось ей перпендикулярная  

  

J     = ……………………………                                 

                               J     = …………………………… 

 

 

Для точки лежащей на главной центральной  оси   пару главных осей  составляют  

главная центральная ось и любая ось ей перпендикулярная. 

J    = ……………………………                                                                              

J    = ……………………………                                                                                   

 

 

Если относительно  двух взаимно перпендикулярных главных осей осевые моменты 

инерции одинаковы , то все оси проходящие через  эту точку главные  и  моменты 

инерции относительно них равны между собой. 

 

                                       J    =  J   = ——            J    = 

 

J    =  J                                               

 

Если в  некоторой точке сечения имеется более одной пары несовпадающих главных 

осей, тогда все оси проходящие через эту точку являются главными. 

 

 
 

Задача 2.3    Для заданного симметричного сечения определить.. .......................................  

 

…………………………………………………………. 
 

…………………………………………………………. 
 

…………………………………………………………. 
 

…………………………………………………………. 
 

…………………………………………………………. 
 

…………………………………………………………. 
 

 .................................................................................................................................  
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Задача 2.4   Для сечения симметричного относительно горизонтальной оси определить: 

1) центр тяжести сечения; 2) моменты инерции относительно центральных главных 

осей;  3) моменты сопротивлен сечени верхних и нижних волокон; 4) главные 

радиусы инерции сечения . 

 

…………………………………... 

 

…………………………………... 

 

…………………………………... 

 

…………………………………... 

 

…………………………………... 

 

       ………..= ———    

 

        …………………. 

    
        

 
 ………………….. 

‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗‗ 

 

     F  = …    … =…………. 

Выбираем положение оси, относительно которой ............................................  

 .................................................................................................................................  
 

x   =………..…,.x   = ................................................................................................  

 

∑S   =...……………=……………….=.−3594,67…...,     x   = ——— =− 3.48см 

 

Проверка:    ∑S    = ……….,  … 1x   =………………,   2x   = ...................................  

∑S     =……………………= 1260………−  226,08……..=  4384,8 −4381,43 =  ...  

 

                                                                                  ∆   = ——————— 

x   ,  y     ...................................................................................................................  

 .................................................................................................................................  

 

Определение моментов инерции относительно .................................................  

 .................................................................................................................................  

 

    =  —— =  —————  =  94500    ,   = ——  =  ———— = 8138,88   , 

 

   = —— =  ————— = 185220    ,   = —— =  ————— = 2280,96     
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Определение моментов инерции относительно центральных главных осей 

всего сечения  

…….=…………...=……………...=86361,12    ........................................................  
 

…….= …………...= (………+ …………)…….(……  +…………)  = 

 

  =  ...........................................................................................................................  

=  200479,10  − 87193,08  =  113286,02     , 

               
 ,                

  

Моменты сопротивления сечения .......................................................................  

 

…….  = …….  =   ——— =     —————      =  5757,41    .............................  
Главные радиусы инерции сечения равны 

   =   =   —————  =10.47 см, 

  =      =     —————    =9.14 см. 

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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3.НАПРЯЖЕННОЕ СОСТОЯНИЕ В ТОЧКЕ ТВЕРДОГО ТЕЛА 

 

 
 

Задача 3.1 Задано напряженное состояние в точке тела  

 .................................................................................................................................  

 

 
 

 

Главными площадками называются площадки ..............................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

Определение главных напряжений 

     
 

  √                              

     
 

  √                              

…………………………………………………………………………………... 
Определение положения …………………………….. 
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Площадки, на которых действуют наибольшие касательные напряжения, 

наклонены к главным площадкам .......................................................................  

      √                                                         σ =  

 

Круг напряжений – графическое определение ..................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

 
 

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  



 18 

4. ПЛОСКИЙ ПРЯМОЙ ИЗГИБ СТЕРЖНЯ 

Определение внутренних усилий 

 

 
 

Поперечная сила в сечении  равна алгебраической сумме проекций всех 

сил, ..........................................................................................................................  

на ось ………………..……………………………… Поперечная сила 

считается положительной ,если она вращает балку относительно 

рассматриваемого сечения по часовой стрелке, и отрицательной, если 

вращает балку против часовой стрелки. 

 

 
 

Изгибающий момент в сечении равен алгебраической сумме  ....................  

………………………………………………………………………..от сечения. 

Изгибающий момент считается положительным , если ...................................  

…………………………балки и отрицательным , если растягивает ................  

волокна балки. Эпюра изгибающих моментов строится ..................................  

 .................................................................................................................................  

 

           │  ——  = …..  │              │  ——  = …..  │             │  ———  = …….  │ 
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Задача 4.1    Расчет консольной балки 

 

 

Определение опорных реакций……… 

……………………………………………… 

……………………………………………… 

   Эпюра    “    “       ……………………… 

……………………………………………….. 

……………………………………………….. 

……………………………………………… 

         Эпюра    “    “   

    М   =  …………………………………… 

М    = …………………………………… 

..........…………………………………… 

……………………………………… 

Задача 4.2    Расчет шарнирно-опертой балки 

 

 

Определение опорных реакций. 

                                                         

   ∑      =        (       ),………………… 

 

                                                         

 

   R   = ————————————— 

 

   ∑     =        (       ),…………………. 
 

…..……………………………………… 

 

   R   = ————————————— 

 

 Проверка:  ∑……=……..,…………. 

………….………………………………. 

 

 Эпюра “     “ ...........................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

Эпюра  “    “ ............................................................................................................  

 .................................................................................................................................  
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Задача 4.3     Расчет шарнирно-опертой балки с консолью 

 

 

 

 
 

 

Определение опорных реакций. 

∑………………(     ) , ...............................................................................................  

 .................................................................................................................................  

                    R   = ————————————— .....................................................  

∑………… .…(      ) , ...............................................................................................  

 .................................................................................................................................  

                   R   = ————————————— 

 

Проверка:  ∑……= …….,  .....................................................................................  

 .................................................................................................................................  

Эпюра  “     “ ...........................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

Эпюра  “     “ ...........................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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Задача 4.4     Расчет  балки  с  промежуточным  шарниром 

…………………………. 

…………………………. 

                                      

Расчет  балки……… 

  ∑..............…………… 

…………………………. 

R  = ———————   

 

∑………………………. 

…………………………. 

R   = ———————   

 

       Проверка:  

∑……………………….. 

…………………………. 

    Эпюра  “     “ 

.................................... 

                                      

…………………………. 

…………………………. 

…………………………. 

…………………………. 

…………………………. 

                                                                                           …………………………... 

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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Напряжения при плоском прямом изгибе стержня. 
 

Задача 4.5    Для заданной балки построить эпюры поперечных сил и изгибающих 

моментов “Q”   и “ M” (задача 4.3), подобрать поперечное сечение  в форме 

……………………………………………………………………………………………………………… 

……………………………………………………………., проверить ………………………………… 

,,………………………………………………, построить эпюры нормальных и касательных 

напряжений, определить ……………………………………………………………………………. 

,…………………………………………………………………………………………….. 

 

                                                                     1)Подбор поперечного сечения  

 в форме ........................................ 

 

    Условие прочности 

          при изгибе     σнб   =  ———      

………………………………………….. 

 

W         ———    ,      

 

 Мнб  =………………………………….  

 

…………………………………………… 

 

 

W        ——————  ……………………………….., по сортаменту принимаем : 

                                          ,            ,             

                                                                      

 

Проверка .................................................................................................................  

1) по нормальным напряжениям 

 

σнб    = ———  =  ——————  = ........................................................................  

 

2) по касательным напряжениям   Qнб  =  ........................................................  

 .................................................................................................................................  

 

τнб    = ———————        ....................................................................................  

 

τнб   = ———————       ......................................................................................  
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Построение эпюр ...................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

  
 

Нормальные напряжения при изгибе меняются по  ..........................................  

 .................................................................................................................................  

 .................................................................................................................................  
 

   σ    =  ————       =  —————      .................................................................  
 

т. 1   .........................................................................................................................  

 

т. 2   .........................................................................................................................  

 

т. 3   .........................................................................................................................  

 

т. 4   .........................................................................................................................  

 

т. 5   .........................................................................................................................  
 

Касательные напряжения .....................................................................................  

 .................................................................................................................................  
 

τ   = ———————— 

 

т. 1 ...........................................................................................................................  

 

т. 2 ...........................................................................................................................  

 

т. 3 ...........................................................................................................................  

 

т.4   ………………………………… т.5   ...................................................................  
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2)Подбор поперечного сечения в форме  ........................................................  

 

Дано:…h/b = ...........................................................................................................  

 

 
 

W
тр

= .........................................................................................................................  

 

Wz = -------- = -------------- = -----------,  b = ----,  ..Wz = -------- = .........................  

 

h = ...........................................................................................................................  

Принимаем: ............................................................................................................  

Wz = -------- = ------------------ .................................................................................  

 

Jz = -------- = ------------------ ...................................................................................  

 

Sz =  ..........................................................................................................................  

 

Проверка прочности подобранного сечения: 

1)по нормальным напряжениям 

 

σнб    = ———  =  ——————  = ........................................................................  

 

2)по касательным напряжениям 

 

τнб    = ———————      ......................................................................................  

 

3) Подбор поперечного сечения в форме . ......................................................  
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W
тр

= .........................................................................................................................  

 

Wz = -------- = -------------- = -----------..= ...............................................................  

 

R =  ..........................................................................................................................  

Принимаем: ............................................................................................................  

Wz = -------- = ------------------ .................................................................................  

 

Jz = -------- = ------------------ ...................................................................................  

 

Sz =  ..........................................................................................................................  

 

Проверка прочности подобранного сечения: 

1) по нормальным напряжениям: 

 

σнб    = ———  =  ——————  = ........................................................................  

 

2)по касательным напряжениям 

 

τнб    = ———————        ....................................................................................  

 

 

Сравнение вариантов расчета ..............................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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5.СДВИГ. КРУЧЕНИЕ ПРЯМОГО СТЕРЖНЯ 

Кручение ...............................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

Задача 5.1  Для заданного прямого стержня построить эпюру .......................  

 .................................................................................................................................  

 .................................................................................................................................  

[……] .......................................................................................................................  

 

 

[…..] ........................................................................................................................  

G  .............................................................................................................................  

 .................................................................................................................................  

1.Определение опорной реакциии .......................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

2..Построение эпюры ............................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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3.Подбор сечения cтержня из условия прочности. 

a) участок ………., поперечное сечение в форме круга ....................................  

Условие прочности при ………………… 

τнб = ---------- ……………………………………. 

  
   =……………………………………………… 

 

       W
тр

        ----------………..Wp = ----------…………... 

 

D               ----------------------    =    --------------------------   ..................................  

 

b) участок ………., кольцевое поперечное сечение ..........................................  

  
   =…………………, 

 Wp = -----------------------   =    -------------------……... 

 

D           -----------------------  =        ---------------------- 

 

…………………………………………………………………………………………………… 

 

2)Определение диаметра из условия жесткости. 

a) участок ………., поперечное сечение в форме круга ....................................  

 

Условие жесткости          
               

   
      

JP         ---------------- ...............................................................................................  

 

a) участок ………., поперечное сечение в форме круга ....................................  

 

JP         ----------- =  ---------------------          ...........................................................  

 

D           -----------------------  =        ------------------------------------ .......................  

 

b) участок ………., кольцевое поперечное сечение ..........................................  

 

Jp = ----------------------   =    ----------------- ...........................................................  

 

D           -----------------------  =        ------------------------------------- ......................  



 28 

Принимаем:  −для сплошного сечения ...............................................................  

                        −для кольцевого сечения ..............................................................  

3.Построение эпюры  ............................................................................................  

 
 
  

  
 
    
   

 

 

− сплошное сечение Jp = -------- = ------------------ ...............................................  

 .................................................................................................................................  

− кольцевое сечение Jp = -------- = ------------------ ..............................................  

 .................................................................................................................................  

Определение углов закручивания........................................................................  

 

φ  = ............φ  =  ………….------------- =  --------------------- .................................  

 

φ  =  ………….------------- =  ………………….---------------------= ........................  

 

φ  =  ………….------------- =  ………………….---------------------= ........................  

 

 .................................................................................................................................  

Проверка прочности подобранного сечения 

, − сплошное сечение  

φ  = .------------- =  --------------------- ....................................................................  

 ......................................................................................................................................................................................................  

− кольцевое сечение 

φ  = .------------- =  --------------------- ....................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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6.СТАТИЧЕСКИ ОПРЕДЕЛИМЫЕ СТЕРЖНЕВЫЕ СИСТЕМЫ 

Кинематический анализ стержневых систем позволяет определить ......  

 .................................................................................................................................  

где D −   ..................................................................................................................  

Ш = ..........................................................................................................................  

 .................................................................................................................................  

  = ...........................................................................................................................  

W.> 0 .......................................................................................................................  

 .................................................................................................................................  

W= ...........................................................................................................................  

W <  .........................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

Задача 6.1 Построить эпюры внутренних усилий  “….”, “…..”, “…..”  ............  

 ......................................................................................................................................................  

 

 

 

Кинематический анализ ........................................................................................  

 .................................................................................................................................  

Определение опорных реакций:  Σ  .....................................................................  

Σ ...............................................................................................................................  

Σ ...............................................................................................................................  

Эпюра   “M” 

 .................................................................................................................................  
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 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

Эпюра   “Q” 

 

 

 

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

Эпюра   “N” 

 

 

……………………………………. 

……………………………………. 

……………………………………. 

……………………………………. 

 

 

 

……………………………………. 

……………………………………. 

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  
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Задача 6.2 Построить эпюры внутренних усилий  “….”, “…..”, “…..” .............  

 ......................................................................................................................................................  

 

 

 

 

Кинематический анализ стержневой системы .........................................................................  

 ......................................................................................................................................................  

 

Определение опорных реакций:  Σ  ..........................................................................................  

Σ ...............................................................................................................................  

Σ ...............................................................................................................................  

 .................................................................................................................................  

Эпюра   “M” 

 

……………………………………….… 

……………………………..……...…… 

         ..……………………………………….. 

     .………………………………..………. 

.………………………………………………. 

.………………………………………………. 

……………………………………………….. 

……………………………………………….. 

……………………………………………….. 

……..………………………………………… 
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Эпюра   “Q” 

…………………………………………….. 

……………………………………………. 

 
 

……………………………………………… 

………………………………………………. 

………………………………………………. 

 

Эпюра   “Ν” 

 

 
………………………………………………. 

………………………………………………. 

 

 
 

 

 .................................................................................................................................  

 .................................................................................................................................  
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Трехшарнирные рамы 

 

 

 

 

Задача 6.3 Построить эпюры внутренних усилий  “….”, “…..”, “…..”  ............  

 ......................................................................................................................................................  

 

 

 

 

 

Кинематический анализ стержневой системы .........................................................................  

 ......................................................................................................................................................  

 

Определение опорных реакций:  Σ  .............................................................................  

Σ ...............................................................................................................................  

Σ ...............................................................................................................................  

 

Эпюра   “M” 

 .................................................................................................................................  

 .................................................................................................................................  
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Эпюра   “Q” 

 

……………………................................. 

                   ………………………………………………. 

 

 

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

Эпюра   “Ν” 

 

 
 

 

 

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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Расчет фермы 

Задача 6.4 Определить продольные усилия в отмеченных узлах фермы. 

 

 

 

Определение опорных реакций ...........................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

 

 

 .................................................................................................................................  

 .................................................................................................................................  

 

 

 

  ................................................................................................................................  

 .................................................................................................................................  
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 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

7.ОПРЕДЕЛЕНИЕ ПЕРЕМЕЩЕНИЙ В СТТАИЧЕСКИ 

ОПРЕДЕЛИМЫХ СТЕРЖНЕВЫХ СИСТЕМАХ 

Интегральная  формула  для  определения  прогибов и 

углов  поворота  сечений  балки 

 

                     ∆   =  ∫
 

 
            = ∑——— 

∆  –  обобщенное................................         ——|            ———      ——— 

                                                                               u              υ               φ  

 

M p –  эпюра  изгибающих  моментов в заданной балке. ..................................  

 

M   –  эпюра  изгибающих  моментов в заданной  балке  .................................  
 

Для определения горизонтального …. и  вертикального …. перемещений  

в рассматриваемой  точке .....................................................................................  

Для определения угла  поворота  сечения  φ  в  рассматриваемой  точке  

 .................................................................................................................................  

Для    ∆   знак  плюс   в результате расчета означает, что перемещение  

направлено .............................................................................................................  

знак  минус    в результате расчета означает, что перемещение 

направлено .............................................................................................................  

 .................................................................................................................................  

 

Правило  Верещагина А.Н.: интеграл от произведения 

криволинейной функции ...........на линейную.........равен 

произведению площади эпюры  ..........(......)  на ординату…. 

из эпюры ........., которая находится .... ............................... 

………………………………………………………………….. 
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Произведение (  ω×y ) принимается со знаком   , если обе эпюры   M p  и   

M  расположены.....................................................................................................  

и со знаком   , если обе эпюры расположены  ................................................  

 .................................................................................................................................  

Формула трапеций используется при перемножении двух линейных 

функций на рассматриваемом участке 

 

∫         =   —  ( ............................................... )                

 

 

 

 

 

……………………………………………… 

………………………………………………. 

………………………………………………. 

………………………………………………. 

 

 

 

 

Задача 7.1 Определить ............................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

 

 .................................................................................................................................  
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 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

   ∫
   ̅

    ∑  ..........................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

   ∫
   ̅

    ∑  .........................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 

 

 .................................................................................................................................  

 .................................................................................................................................  

   ∫
   ̅

    ∑  .........................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
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8.УСТОЙЧИВОСТЬ ЦЕНТРАЛЬНО СЖАТОГО СТЕРЖНЯ 

 

Задача 8.1.   Подобрать сечение стержня из расчета ..................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 

 

 
 

 

1.Определение геометрических характеристик поперечного сечения. 

 

F   =………..…J     =..........................  i   =√  ——  =  √———   =  ......................  

 

J   = …………………....   i    =√——   =    √———————      =   .......................  
 

2. Определение  .....................................................................................................  

 

P     =   .........................................................................................................................................  

 

3. Подбор сечения .................................................................................................  
 

σ  =   —— .....................................            условие  устойчивости 

                                                                 φ   -  ........................................................... 
                                                                  ..................................................................................... 

F        ———                                          ..................................................................................... 

                                                                  ..................................................................................... 

                                                                  ..................................................................................... 

                                                                  ..................................................................................... 
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1-е   ...............................................................................................................................................  

 

F    = ————      …………..             F     = ——  .............................................................  
 

По  сортаменту  принимаем .................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
 

Определение  .........................................................................................................  
 .................................................................................................................................  
 

ℓ     = .....................................    λ     = ——— = —————         ....................................  

 

ℓ     = ……………………………….     λ     = ——— = —————          ...................................  

λ    = ……………. Коэффициент  .....................................................................................  

 ......................................................................................................................................................  

  λ   ……………….……φ ..................................................................................  

  λ ………………………φ……………………φ ..................................................  
 

 

Проверка     устойчивости ..................................................................................................  

 

  σ   = —— = ———— =  ..................................................................................................  

 

 ......................................................................................................................................................  

 

2-е  ................................................................................................................................................  

 

F    = ————      …………..             F     = ——  .............................................................  
 

По  сортаменту  принимаем .................................................................................  

 .................................................................................................................................  

 .................................................................................................................................  
 

Определение  .........................................................................................................  
 .................................................................................................................................  
 

ℓ     = .....................................    λ     = ——— = —————         ....................................  

 

ℓ     = ……………………………….     λ     = ——— = —————          ...................................  

λ    = ……………. Коэффициент  .....................................................................................  

 ......................................................................................................................................................  

  λ   ……………….……φ ..................................................................................  

  λ ………………………φ……………………φ ..................................................  
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Проверка     устойчивости ..................................................................................................  

 

  σ   = —— = ———— =  ..................................................................................................  

 

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  
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Задача  8.2 .  Расчет подобранного сечения  ...................................................................  

 ......................................................................................................................................................  

 

Определение расчетной нагрузки ……..  
 

……………………………………………………………. 

……………..…………………………………….. 

 

Условие   прочности при продольно- 

 поперечном изгибе…………………………….. 
 

 ……………………………………………………………. 

 

………………………………………………….. 

 

…………………………………………………. 

 

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  

 ......................................................................................................................................................  
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