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Схема в Яндекс.Метро
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› Общая библиотека MetroKit для 
всех платформ 

› Общее поведение скролла 
схемы 

› В качестве референса был 
выбран UIScrollView



Механики UIScrollView 
Deceleration
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Spring Animation
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Механики UIScrollView 
Rubber Band Effect
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Тестовый пример



SimpleScrollView
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class SimpleScrollView: UIView { 
    var contentView: UIView? 
    var contentSize: CGSize 
    var contentOffset: CGPoint 
}



SimpleScrollView
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let panRecognizer = UIPanGestureRecognizer() 

override init(frame: CGRect) { 
    super.init(frame: frame) 
    addGestureRecognizer(panRecognizer) 
    panRecognizer.addTarget(self, action: #selector(handlePanRecognizer)) 
}



SimpleScrollView
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enum State { 
    case `default` 
    case dragging(initialOffset: CGPoint) 
} 

var state: State = .default 



SimpleScrollView
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@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset)

    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        }

    case .ended: 
        state = .default 
     
    // Other cases 
    } 
}



SimpleScrollView

13

var contentOffsetBounds: CGRect { 
    let width = contentSize.width - bounds.width 
    let height = contentSize.height - bounds.height 
    return CGRect(x: 0, y: 0, width: width, height: height) 
} 

func clampOffset(_ offset: CGPoint) -> CGPoint { 
    return offset.clamped(to: contentOffsetBounds) 
}



SimpleScrollView
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Deceleration



Deceleration
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Что известно про Deceleration

17UIScrollView | developer.apple.com/documentation/uikit/uiscrollview

var decelerationRate: UIScrollView.DecelerationRate 

A floating-point value that determines the rate of deceleration after the user 
lifts their finger 

extension UIScrollView.DecelerationRate { 
    static let normal: UIScrollView.DecelerationRate // 0.998 
    static let fast: UIScrollView.DecelerationRate // 0.99 
}



Что известно про Deceleration

18Designing Fluid Interfaces | developer.apple.com/videos/play/wwdc2018/803

› Финальная позиция скролла  
  (Designing Fluid Interfaces — WWDC 2018): 

// Distance travelled after decelerating to zero velocity at a constant rate. 
func project(initialVelocity: Float, decelerationRate: Float) -> Float { 
    return (initialVelocity / 1000.0) * decelerationRate / (1.0 - decelerationRate) 
} 

https://developer.apple.com/videos/play/wwdc2018/803/


Изменение скорости
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Time

Deceleration Rate 
.fast = 0.99

0

v0
<latexit sha1_base64="B5ZEC58aUryQcLpjv0/Dhpabjgs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf7ZcrbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4a2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVe+66j3UKvVGHkcRzuAcLsGDG6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAMUo2u</latexit>

1 ms

0.99v0
<latexit sha1_base64="txUpTCMX3JopvQktYpWmx0EGbBQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0N4KXjxWsB/QhrLZTtqlm03Y3RRK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O/PUGleSyfzDRBP6JDyUPOqLFS263WapO+2y9X3Kq7AFknXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4Ezkq9VGNC2ZgOsWuppBFqP1ucOyMXVhmQMFa2pCEL9fdERiOtp1FgOyNqRnrVm4v/ed3UhHd+xmWSGpRsuShMBTExmf9OBlwhM2JqCWWK21sJG1FFmbEJlWwI3urL66R1VfWuq97jTaXeyOMowhmcwyV4cAt1eIAGNIHBGJ7hFd6cxHlx3p2PZWvByWdO4Q+czx/e4o6m</latexit>

2 ms

0.992v0
<latexit sha1_base64="i1oHdU+IyohdhHtK0FrIGbZf2mA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WnaroL0VvHisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737aytb2xubRd2irt7+weHpaPjpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hbmt8ZUaRbLBzNJaCDwQLKIEWys9Oi51epTZdzzeqWy53pzoFXi56QMOeq90le3H5NUUGkIx1p3fC8xQYaVYYTTabGbappgMsID2rFUYkF1kM0PnqJzq/RRFCtb0qC5+nsiw0LriQhtp8BmqJe9mfif10lNdBNkTCapoZIsFkUpRyZGs+9RnylKDJ9Ygoli9lZEhlhhYmxGRRuCv/zyKmlWXP/S9e+vyrV6HkcBTuEMLsCHa6jBHdShAQQEPMMrvDnKeXHenY9F65qTz5zAHzifPwbQj0o=</latexit>

n ms

0.99nv0
<latexit sha1_base64="uWzxfM+edYazOgSxilUsz4k4OY8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KrgvZW8OKxgv2Qdi3ZNNuGJtklyRbK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC0e3Mb42p0iyWD2aS0EDggWQRI9hY6dFzq9UnOe55vXLFc7050Crxc1KBHPVe+avbj0kqqDSEY607vpeYIMPKMMLptNRNNU0wGeEB7VgqsaA6yOYHT9GZVfooipUtadBc/T2RYaH1RIS2U2Az1MveTPzP66QmugkyJpPUUEkWi6KUIxOj2feozxQlhk8swUQxeysiQ6wwMTajkg3BX355lTQvXP/S9e+vKrV6HkcRTuAUzsGHa6jBHdShAQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH2J0j4Y=</latexit>

k s

0.991000kv0
<latexit sha1_base64="ITqE56IGeR+zBEzUvqtMWN1Uedg=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbB0zKrguYW8OIxgnlAsi6zk9lkyOyDmdlAXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq40hh/W2vrG5tb26Wd8u7e/kHFPjxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwup357TGTiifxg56kzIvIIOYhp0Qbybcr2KnVHnMXYzyajn3s21Xs4DnQKnELUoUCDd/+6vUTmkUs1lQQpbouTrWXE6k5FWxa7mWKpYSOyIB1DY1JxJSXzw+fojOj9FGYSFOxRnP190ROIqUmUWA6I6KHatmbif953UyHN17O4zTTLKaLRWEmkE7QLAXU55JRLSaGECq5uRXRIZGEapNV2YTgLr+8SloXjnvpuPdX1XqjiKMEJ3AK5+DCNdThDhrQBAoZPMMrvFlP1ov1bn0sWtesYuYY/sD6/AFiO5Gp</latexit>



Функция скорости
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›     — скорость, pt/s 
›     — начальная скорость, pt/s 
›     — коэффициент замедления (0 < d < 1) 
›     — время, s 

v(t) = v0d
1000t

<latexit sha1_base64="VXjD/s50+jFDqsaOoWfLHd1tAFo=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIlzCrgl6EgBePEcwDknWZnZ0kQ2YfzPRGwppP8eJBEa9+iTf/xkmyB00saCiquunu8hMpNBDyba2srq1vbBa2its7u3v7dumgqeNUMd5gsYxV26eaSxHxBgiQvJ0oTkNf8pY/vJn6rRFXWsTRPYwT7oa0H4meYBSM5NmlUQVOr0ceCR4yhxACE88ukyqZAS8TJydllKPu2V/dIGZpyCNgkmrdcUgCbkYVCCb5pNhNNU8oG9I+7xga0ZBrN5udPsEnRglwL1amIsAz9fdERkOtx6FvOkMKA73oTcX/vE4KvSs3E1GSAo/YfFEvlRhiPM0BB0JxBnJsCGVKmFsxG1BFGZi0iiYEZ/HlZdI8qzrnVefuolyr53EU0BE6RhXkoEtUQ7eojhqIoUf0jF7Rm/VkvVjv1se8dcXKZw7RH1ifP2ApktI=</latexit>

v
<latexit sha1_base64="liE8wyrUk41J72xj8WoDRk89kf0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cq9gPaUDbbTbt0swm7k0IJ/QdePCji1X/kzX/jps1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvTLk2IlaPOEu4H9GREqFgFK30MK0MqjW37i5A/hKvIDUo0BxUP/vDmKURV8gkNabnuQn6GdUomOTzSj81PKFsQke8Z6miETd+trh0Ts6sMiRhrG0pJAv150RGI2NmUWA7I4pjs+rl4n9eL8Xwxs+ESlLkii0XhakkGJP8bTIUmjOUM0so08LeStiYasrQhpOH4K2+/Je0L+reZd27v6o1mkUcZTiBUzgHD66hAXfQhBYwCOEJXuDVmTjPzpvzvmwtOcXMMfyC8/ENHPSNHw==</latexit>

v0
<latexit sha1_base64="QxrVC89laMyWB96u5DRYSHQHt2o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cK9gPaUDbbTbt0dxN2J4US+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT5p2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST+9zvTLmxItJPOIu5r+hIi1Awirk0HbiVQbXm1t0FyDrxClKDAs1B9as/jFiiuEYmqbU9z43RT6lBwSSfV/qJ5TFlEzrivYxqqrj108Wtc3KRKUMSRiYrjWSh/p5IqbJ2poKsU1Ec21UvF//zegmGd34qdJwg12y5KEwkwYjkj5OhMJyhnGWEMiOyWwkbU0MZZvHkIXirL6+T9lXdu657jze1RrOIowxncA6X4MEtNOABmtACBmN4hld4c5Tz4rw7H8vWklPMnMIfOJ8/QWeNwg==</latexit>

d
<latexit sha1_base64="5IyCb6AArETwbdpTmX63EUnDYMQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix48diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW79nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfOual7zulpvFHGU4BTO4AI8uIE63EMDWsAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w/NG4z5</latexit>

t
<latexit sha1_base64="B7sX4VTHiaG+LzHcb1x5LpPSKP0=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQFPRa8eGzBfkAbymY7bdduNmF3IpTQX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpsheO7md96Qm1ErB5okmAQsaESA8EZWalOvVLZq3hzuKvEz0kZctR6pa9uP+ZphIq4ZMZ0fC+hIGOaBJc4LXZTgwnjYzbEjqWKRWiCbH7o1D23St8dxNqWIneu/p7IWGTMJAptZ8RoZJa9mfif10lpcBtkQiUpoeKLRYNUuhS7s6/dvtDISU4sYVwLe6vLR0wzTjabog3BX355lTQvK/5Vxa9fl6u1PI4CnMIZXIAPN1CFe6hBAzggPMMrvDmPzovz7nwsWtecfOYE/sD5/AHlW40J</latexit>



Уравнение движения
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x(t) =?
<latexit sha1_base64="8/ZZJEceOlRGv/UqpgkyZOZ2FBI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyqoBcx4MVjBPOAJITZyWwyZHZ2nekVw5Kf8OJBEa/+jjf/xkmyB00saCiquunu8mMpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84c3EbzxybUSk7nEU805I+0oEglG0UvOphCfkilx3C0W37E5BFomXkSJkqHYLX+1exJKQK2SSGtPy3Bg7KdUomOTjfDsxPKZsSPu8ZamiITeddHrvmBxbpUeCSNtSSKbq74mUhsaMQt92hhQHZt6biP95rQSDy04qVJwgV2y2KEgkwYhMnic9oTlDObKEMi3srYQNqKYMbUR5G4I3//IiqZ+WvbOyd3derFSzOHJwCEdQAg8uoAK3UIUaMJDwDK/w5jw4L8678zFrXXKymQP4A+fzBz2rjtQ=</latexit>

x(t) = x0 +

Z t

0
v(x)dx

<latexit sha1_base64="CvZ61GOAB+ZBP3XEb61JPUA24ac=">AAACCnicbVBNS8NAEN34WetX1aOX1SK0CCVRQS9CwYvHCvYD2hg22027dLMJu5PSEnL24l/x4kERr/4Cb/4b0zYHbX0w8Hhvhpl5bii4BtP8NpaWV1bX1nMb+c2t7Z3dwt5+QweRoqxOAxGolks0E1yyOnAQrBUqRnxXsKY7uJn4zSFTmgfyHsYhs33Sk9zjlEAqOYWjUQnK+BqPHBOf4g6X4MRm8hBDgoelUbk7yjuFolkxp8CLxMpIEWWoOYWvTjegkc8kUEG0bltmCHZMFHAqWJLvRJqFhA5Ij7VTKonPtB1PX0nwSap0sReotCTgqfp7Iia+1mPfTTt9An09703E/7x2BN6VHXMZRsAknS3yIoEhwJNccJcrRkGMU0Ko4umtmPaJIhTS9CYhWPMvL5LGWcU6r1h3F8VqLYsjhw7RMSohC12iKrpFNVRHFD2iZ/SK3own48V4Nz5mrUtGNnOA/sD4/AG3Xphv</latexit>

      — начальное положение точкиx0
<latexit sha1_base64="ctWPinPVhi69Zbs7tCeyG1E+gdE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l1burVeqNPI4inMApnIMHV1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAPXo2w</latexit>



Уравнение движения
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x(t) = x0 + v0

Z t

0
d1000xdx

<latexit sha1_base64="vFYqoQBPvv5xIBg+9BtOuXApi1M=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVoWRU0I0guHFZwarQx5DJpDY0kxmSO2XKMJ/gxl9x40IRty7d+TemtQtfB+7lcM69JPcEiRQGCPlwpqZnZufmSwvlxaXllVV3bf3KxKlmvMFiGeubgBouheINECD5TaI5jQLJr4P+2ci/HnBtRKwuYZjwdkRvlegKRsFKvruTVWH3JPMJ3sMD21tCgZ+TopNDgcNO7hFCsiLMfLdCamQM/Jd4E1JBE9R9970VxiyNuAImqTFNjyTQzqkGwSQvyq3U8ISyPr3lTUsVjbhp5+ODCrxtlRB3Y21LAR6r3zdyGhkzjAI7GVHomd/eSPzPa6bQPW7nQiUpcMW+HuqmEkOMR+ngUGjOQA4toUwL+1fMelRTBjbDsg3B+33yX3K1X/MOat7FYeW0PomjhDbRFqoiDx2hU3SO6qiBGLpDD+gJPTv3zqPz4rx+jU45k50N9APO2yfC+ps6</latexit>

x(t) = x0 + v0
d1000t � 1

1000ln(d)
<latexit sha1_base64="Oyj2+YY/m50v1uulR+I/tLUCgyY=">AAACG3icbZDNSgMxFIUz9b/+VV26CRahRSyZKuhGENy4rGBboa0lk8loaCYzJHeKZZj3cOOruHGhiCvBhW9jpnah1QsJH+fcS3KPF0thgJBPpzAzOze/sLhUXF5ZXVsvbWy2TJRoxpsskpG+8qjhUijeBAGSX8Wa09CTvO0NznK/PeTaiEhdwijmvZDeKBEIRsFK/VL9rgJVfILv+gTv4aG9u36gKUv969QlhECG97GbjVmqil/Niv1SmdTIuPBfcCdQRpNq9EvvXT9iScgVMEmN6bgkhl5KNQgmeVbsJobHlA3oDe9YVDTkppeOd8vwrlV8HETaHgV4rP6cSGlozCj0bGdI4dZMe7n4n9dJIDjupULFCXDFvh8KEokhwnlQ2BeaM5AjC5RpYf+K2S210YCNMw/BnV75L7TqNfeg5l4clk8bkzgW0TbaQRXkoiN0is5RAzURQ/foET2jF+fBeXJenbfv1oIzmdlCv8r5+AIwd500</latexit>



Конечная точка
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X = lim
t!1

x(t) = lim
t!1

(x0 + v0
d1000t � 1

1000ln(d)
)

<latexit sha1_base64="HSEnhVFcRwUpii8xJx0QP0vhh00="></latexit>

X = x0 �
v0

1000ln(d)
<latexit sha1_base64="hZoqXPMnVv2W4jfovFpC/lDQR1M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5aJCroRCm5cVrAPaEOYTCbt0MkkzEyKJWTvxl9x40IRt/6AO//G6WOhrQcuHM65l3vv8RPOlEbo2yqsrK6tbxQ3S1vbO7t79v5BS8WpJLRJYh7Ljo8V5UzQpmaa004iKY58Ttv+8Gbit0dUKhaLez1OqBvhvmAhI1gbybPLHXgNHzwET2EvCCUm2chDeeYghCAX1eAkL3l2BdXQFHCZOHNSAXM0PPurF8QkjajQhGOlug5KtJthqRnhNC/1UkUTTIa4T7uGChxR5WbTX3J4bJQAhrE0JTScqr8nMhwpNY580xlhPVCL3kT8z+umOrxyMyaSVFNBZovClEMdw0kwMGCSEs3HhmAimbkVkgE2iWgT3yQEZ/HlZdI6qznnNefuolJvzOMogiNQBlXggEtQB7egAZqAgEfwDF7Bm/VkvVjv1sestWDNZw7BH1ifP2JAmCQ=</latexit>



Конечная точка
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X = x0 �
v0

1000ln(d)
<latexit sha1_base64="hZoqXPMnVv2W4jfovFpC/lDQR1M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5aJCroRCm5cVrAPaEOYTCbt0MkkzEyKJWTvxl9x40IRt/6AO//G6WOhrQcuHM65l3vv8RPOlEbo2yqsrK6tbxQ3S1vbO7t79v5BS8WpJLRJYh7Ljo8V5UzQpmaa004iKY58Ttv+8Gbit0dUKhaLez1OqBvhvmAhI1gbybPLHXgNHzwET2EvCCUm2chDeeYghCAX1eAkL3l2BdXQFHCZOHNSAXM0PPurF8QkjajQhGOlug5KtJthqRnhNC/1UkUTTIa4T7uGChxR5WbTX3J4bJQAhrE0JTScqr8nMhwpNY580xlhPVCL3kT8z+umOrxyMyaSVFNBZovClEMdw0kwMGCSEs3HhmAimbkVkgE2iWgT3yQEZ/HlZdI6qznnNefuolJvzOMogiNQBlXggEtQB7egAZqAgEfwDF7Bm/VkvVjv1sestWDNZw7BH1ifP2JAmCQ=</latexit>

X = x0 +
v0d

1000(1� d)
<latexit sha1_base64="ogcoCNL503NQi1oefu5ZzOMz7Jg=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpiCWjgm6EghuXFewD2mHIZDJtMPMgyRTLMH/gxl9x40IRt27d+Tdm2llo64ELJ+fcS+49bsyZVAh9G6WFxaXllfJqZW19Y3PL3N5pyygRhLZIxCPRdbGknIW0pZjitBsLigOX0457f537nREVkkXhnRrH1A7wIGQ+I1hpyTEPu/AKPjgIHsO+5wtM0pF+eFlqIYRgzYIn0DvKKo5ZRXU0AZwnVkGqoEDTMb/6XkSSgIaKcCxlz0KxslMsFCOcZpV+ImmMyT0e0J6mIQ6otNPJPRk80IoH/UjoChWcqL8nUhxIOQ5c3RlgNZSzXi7+5/US5V/aKQvjRNGQTD/yEw5VBPNwoMcEJYqPNcFEML0rJEOsU1E6wjwEa/bkedI+rVtndev2vNpoFnGUwR7YBzVggQvQADegCVqAgEfwDF7Bm/FkvBjvxse0tWQUM7vgD4zPH4VdmJI=</latexit>

Apple:



Сравнение с формулой от Apple

25Natural logarithm | en.wikipedia.org/wiki/Natural_logarithm#Series

�1

ln(d)
vs

d

1� d
<latexit sha1_base64="F1mcKIFSOzE7NXVvZF85kdnw580=">AAACInicbVDLSsNAFJ3UV62vqEs3g0XQhSVRQd0JblxWsA9oSplMJu3QySTO3Igl5Fvc+CtuXCjqSvBjnD4QbT0wcDjnXO7c4yeCa3CcT6swN7+wuFRcLq2srq1v2JtbdR2nirIajUWsmj7RTHDJasBBsGaiGIl8wRp+/3LoN+6Y0jyWNzBIWDsiXclDTgkYqWOfe0GoCM0O3TwTcj84yLF3m5IAe8DuQUXZnf5Rxskgz9zDIC917LJTcUbAs8SdkDKaoNqx370gpmnEJFBBtG65TgLtjCjgVLC85KWaJYT2SZe1DJUkYrqdjU7M8Z5RAhzGyjwJeKT+nshIpPUg8k0yItDT095Q/M9rpRCetTMukxSYpONFYSowxHjYFw64YhTEwBBCFTd/xbRHTBFgWh2W4E6fPEvqRxX3uOJen5QvqpM6imgH7aJ95KJTdIGuUBXVEEUP6Am9oFfr0Xq23qyPcbRgTWa20R9YX98w4aQa</latexit>

ln(x) =
x� 1

x
+

(x� 1)2

2x2
+ . . .

<latexit sha1_base64="SgZAMlcxYuWkyET+obKe0SDuGZM="></latexit>

› Разложение натурального логарифма в ряд Тейлора:



Сравнение с формулой от Apple
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Время движения
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Время движения

28

T =
ln(

�1000"ln(d)

|v0|
)

1000ln(d)
<latexit sha1_base64="9ESwvWkx9Z1wRqQt2nyzDJnTI68="></latexit>

|X � x(T )| = "
<latexit sha1_base64="jGWvP6BMaP59/htAl9kGhFanmYw=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEurDMqKAboeDGZYW+oB1KJs20oZlkSDLFMi1u/BU3LhRx61e482/MtLPQ6oELh3Pu5d57/IhRpR3ny8otLa+sruXXCxubW9s79u5eQ4lYYlLHggnZ8pEijHJS11Qz0ookQaHPSNMf3qR+c0SkooLX9DgiXoj6nAYUI22krn0wacFTeF+qnUzgNeyMkCSRokzwQtcuOmVnBviXuBkpggzVrv3Z6Qkch4RrzJBSbdeJtJcgqSlmZFroxIpECA9Rn7QN5SgkyktmL0zhsVF6MBDSFNdwpv6cSFCo1Dj0TWeI9EAteqn4n9eOdXDlJZRHsSYczxcFMYNawDQP2KOSYM3GhiAsqbkV4gGSCGuTWhqCu/jyX9I4K7vnZffuolipZnHkwSE4AiXggktQAbegCuoAgwfwBF7Aq/VoPVtv1vu8NWdlM/vgF6yPb6A/lbY=</latexit>



DecelerationTimingParameters
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struct DecelerationTimingParameters { 
    var initialValue: CGPoint 
    var initialVelocity: CGPoint 
    var decelerationRate: CGFloat 
    var threshold: CGFloat 
}

extension DecelerationTimingParameters { 
    var destination: CGPoint    
    var duration: TimeInterval 
    func value(at time: TimeInterval) -> CGPoint 
}



TimerAnimation
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class TimerAnimation { 
    typealias Animations = (_ progress: Double, _ time: TimeInterval) -> Void 
    typealias Completion = (_ finished: Bool) -> Void 
     
    init(duration: TimeInterval, animations: @escaping Animations,  
         completion: Completion? = nil) 
}



SimpleScrollView
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@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
         

    // Other cases 
    } 
}



SimpleScrollView
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@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
        let velocity = sender.velocity(in: self) 
        startDeceleration(withVelocity: -velocity) 

    // Other cases 
    } 
}



SimpleScrollView
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var contentOffsetAnimation: TimerAnimation? 

func startDeceleration(withVelocity velocity: CGPoint) { 
    let decelerationRate = UIScrollView.DecelerationRate.normal.rawValue 
   let threshold = 0.5 / UIScreen.main.scale

    let parameters = DecelerationTimingParameters(initialValue: contentOffset,  
                                                  initialVelocity: velocity, 
                                                  decelerationRate: decelerationRate,  
                                                  threshold: threshold)
     
    contentOffsetAnimation = TimerAnimation( 
        duration: parameters.duration, 
        animations: { [weak self] _, time in 
            guard let self = self else { return } 
            self.contentOffset = self.clampOffset(parameters.value(at: time)) 
        }) 
}



Deceleration
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Spring Animation



Spring Animation
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Spring Animation

37Damping ratio | en.wikipedia.org/wiki/Damping_ratio

›     — масса (mass) 

›     — жесткость (stiffness) 

›     — затухание (damping)  
       или 

›     — коэффициент затухания (damping ratio) 

⇣ =
d

2
p
km

<latexit sha1_base64="FZpLtkop9zrd6ty/4pG3zAsuQzc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRV0I1QcOOygn1AU8pkMmmHTh7O3Ag1ZOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HjQVXYFnfRmlpeWV1rbxe2djc2t4xd/faKkokZS0aiUh2XaKY4CFrAQfBurFkJHAF67jjq9zv3DOpeBTewiRm/YAMQ+5zSkBLA/PQeWBA8CV2PF8SmnpZWnfUnYR0HGRZZWBWrZo1BV4kdkGqqEBzYH45XkSTgIVABVGqZ1sx9FMigVPBsoqTKBYTOiZD1tM0JAFT/XT6R4aPteJhP5K6QsBT9fdESgKlJoGrOwMCIzXv5eJ/Xi8B/6Kf8jBOgIV0tshPBIYI56Fgj0tGQUw0IVRyfSumI6LzAB1dHoI9//Iiaddr9mnNvjmrNppFHGV0gI7QCbLROWqga9RELUTRI3pGr+jNeDJejHfjY9ZaMoqZffQHxucP1tOZVw==</latexit>

d
<latexit sha1_base64="5IyCb6AArETwbdpTmX63EUnDYMQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix48diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW79nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfOual7zulpvFHGU4BTO4AI8uIE63EMDWsAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w/NG4z5</latexit>

m
<latexit sha1_base64="xb+AGMnupnHRTtRYg6cxWRHLHOI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jEB84BkCbOTTjJmZnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzfzWE2rDY/VgJwmGkg4VH3BGrZPqslcq+xV/DrJKgpyUIUetV/rq9mOWSlSWCWpMJ/ATG2ZUW84ETovd1GBC2ZgOseOoohJNmM0PnZJzp/TJINaulCVz9fdERqUxExm5TkntyCx7M/E/r5PawW2YcZWkFhVbLBqkgtiYzL4mfa6RWTFxhDLN3a2EjaimzLpsii6EYPnlVdK8rARXlaB+Xa7W8jgKcApncAEB3EAV7qEGDWCA8Ayv8OY9ei/eu/exaF3z8pkT+APv8wfav40C</latexit>

k
<latexit sha1_base64="OdzRUhztTZVqq8NpAqh7V/gX+i0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9TCqDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+aUzcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+NhlyhcyIqSWUKW5vJWxMFWXGhpOH4C2/vEraF3Xvsu7dX9UazSKOMpzAKZyDB9fQgDtoQgsYhPAMr/DmTJwX5935WLSWnGLmGP7A+fwBDD2NFA==</latexit>

⇣
<latexit sha1_base64="VnkzdVles1Qp66gOwViBMe44gzs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cKpi20oWy2k3bpZhN2N0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntR1SaJ/LBTFIMYjqUPOKMGiv5vSc0tF+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou5d1r37q1qjWcRRhhM4hXPw4BoacAdN8IEBh2d4hTdHOi/Ou/OxaC05xcwx/IHz+QPtsI7N</latexit>

https://en.wikipedia.org/wiki/Damping_ratio


Уравнение движения

38Damping ratio | en.wikipedia.org/wiki/Damping_ratio

m
d2x

dt2
+ d

dx

dt
+ kx = 0

<latexit sha1_base64="6bUmxCE9vzo8huQOf5krHcNIWPA=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJSkCroRCm5cVrAXaNMymUzaoZNJmJlIS8hzuPFV3LhQxJ248W2cpEG09YeBn++cw5nzuxGjUlnWl7G0vLK6tl7aKG9ube/smnv7LRnGApMmDlkoOi6ShFFOmooqRjqRIChwGWm74+us3r4nQtKQ36lpRJwADTn1KUZKo4FpB7Dn+QLhxOvXJmniqX4thafQ+8E5zNAYTuAVtAZmxapaueCisQtTAYUaA/Oj54U4DghXmCEpu7YVKSdBQlHMSFruxZJECI/RkHS15Sgg0kny01J4rIkH/VDoxxXM6e+JBAVSTgNXdwZIjeR8LYP/1bqx8i+dhPIoVoTj2SI/ZlCFMMsJelQQrNhUG4QF1X+FeIR0IkqnWdYh2PMnL5pWrWqfVe3b80q9UcRRAofgCJwAG1yAOrgBDdAEGDyAJ/ACXo1H49l4M95nrUtGMXMA/sj4/Aako59d</latexit>

›     — масса (mass) 

›     — жесткость (stiffness) 

›     — затухание (damping)  

m
<latexit sha1_base64="xb+AGMnupnHRTtRYg6cxWRHLHOI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jEB84BkCbOTTjJmZnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzfzWE2rDY/VgJwmGkg4VH3BGrZPqslcq+xV/DrJKgpyUIUetV/rq9mOWSlSWCWpMJ/ATG2ZUW84ETovd1GBC2ZgOseOoohJNmM0PnZJzp/TJINaulCVz9fdERqUxExm5TkntyCx7M/E/r5PawW2YcZWkFhVbLBqkgtiYzL4mfa6RWTFxhDLN3a2EjaimzLpsii6EYPnlVdK8rARXlaB+Xa7W8jgKcApncAEB3EAV7qEGDWCA8Ayv8OY9ei/eu/exaF3z8pkT+APv8wfav40C</latexit>

k
<latexit sha1_base64="LVwNymI1w7LJuThblQaICPvx/kU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp611WvWavUG3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB17eNAA==</latexit>

d
<latexit sha1_base64="5IyCb6AArETwbdpTmX63EUnDYMQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix48diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW79nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfOual7zulpvFHGU4BTO4AI8uIE63EMDWsAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w/NG4z5</latexit>

https://en.wikipedia.org/wiki/Damping_ratio
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Damping Ratio ζ
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› Слабое затухание 
(Underdamped)  
0 < ζ < 1
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› Слабое затухание 
(Underdamped)  
0 < ζ < 1 

› Граница апериодичности 
(Critically damped) 
ζ = 1

x(t)

Time



Damping Ratio ζ
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› Слабое затухание 
(Underdamped)  
0 < ζ < 1 

› Граница апериодичности 
(Critically damped) 
ζ = 1 

› Апериодичность 
(Overdamped) 
ζ > 1

Time

x(t)



Уравнение движения
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› Время колебаний

T =?
<latexit sha1_base64="G8v5dsT0a5Qizk50FCAN+ZWI7bk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItY8OKxQtMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6H7mt564NiJRDRynPIjpQIlIMIpW8hvkltz1yhW36s5BVomXkwrkqPfKX91+wrKYK2SSGtPx3BSDCdUomOTTUjczPKVsRAe8Y6miMTfBZH7slJxZpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//zOhlGN8FEqDRDrthiUZRJggmZfU76QnOGcmwJZVrYWwkbUk0Z2nxKNgRv+eVV0ryoepdV7/GqUqvncRThBE7hHDy4hho8QB18YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+AGfPjc0=</latexit>

x(t) =?
<latexit sha1_base64="8/ZZJEceOlRGv/UqpgkyZOZ2FBI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyqoBcx4MVjBPOAJITZyWwyZHZ2nekVw5Kf8OJBEa/+jjf/xkmyB00saCiquunu8mMpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84c3EbzxybUSk7nEU805I+0oEglG0UvOphCfkilx3C0W37E5BFomXkSJkqHYLX+1exJKQK2SSGtPy3Bg7KdUomOTjfDsxPKZsSPu8ZamiITeddHrvmBxbpUeCSNtSSKbq74mUhsaMQt92hhQHZt6biP95rQSDy04qVJwgV2y2KEgkwYhMnic9oTlDObKEMi3srYQNqKYMbUR5G4I3//IiqZ+WvbOyd3derFSzOHJwCEdQAg8uoAK3UIUaMJDwDK/w5jw4L8678zFrXXKymQP4A+fzBz2rjtQ=</latexit>

› Уравнение движения

m
d2x

dt2
+ d

dx

dt
+ kx = 0

<latexit sha1_base64="6bUmxCE9vzo8huQOf5krHcNIWPA=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJSkCroRCm5cVrAXaNMymUzaoZNJmJlIS8hzuPFV3LhQxJ248W2cpEG09YeBn++cw5nzuxGjUlnWl7G0vLK6tl7aKG9ube/smnv7LRnGApMmDlkoOi6ShFFOmooqRjqRIChwGWm74+us3r4nQtKQ36lpRJwADTn1KUZKo4FpB7Dn+QLhxOvXJmniqX4thafQ+8E5zNAYTuAVtAZmxapaueCisQtTAYUaA/Oj54U4DghXmCEpu7YVKSdBQlHMSFruxZJECI/RkHS15Sgg0kny01J4rIkH/VDoxxXM6e+JBAVSTgNXdwZIjeR8LYP/1bqx8i+dhPIoVoTj2SI/ZlCFMMsJelQQrNhUG4QF1X+FeIR0IkqnWdYh2PMnL5pWrWqfVe3b80q9UcRRAofgCJwAG1yAOrgBDdAEGDyAJ/ACXo1H49l4M95nrUtGMXMA/sj4/Aako59d</latexit>



Уравнение движения 
Слабое затухание (0 < ζ < 1)

44

x(t) = (C1cos!
0t+ C2sin!

0t)e��t
<latexit sha1_base64="ucTePn+sCX6QheEefMq7zonKo24=">AAACHXicbVDLSgNBEJz1bXxFPXoZDGJEDLsq6EUI5OIxglEhicvspBMHZ2eWmV4xLPkRL/6KFw+KePAi/o2Th+CroKGo6qa7K0qksOj7H97Y+MTk1PTMbG5ufmFxKb+8cmZ1ajjUuJbaXETMghQKaihQwkVigMWRhPPoutL3z2/AWKHVKXYTaMaso0RbcIZOCvP7t0Xcoke0WAkDrm1Dx9Bhm0i3aSXctUJ9CVtwme00IkBGsRfmC37JH4D+JcGIFMgI1TD/1mhpnsagkEtmbT3wE2xmzKDgEnq5RmohYfyadaDuqGIx2GY2+K5HN5zSom1tXCmkA/X7RMZia7tx5Dpjhlf2t9cX//PqKbYPm5lQSYqg+HBRO5UUNe1HRVvCAEfZdYRxI9ytlF8xwzi6QHMuhOD3y3/J2W4p2CsFJ/uFcnUUxwxZI+ukSAJyQMrkmFRJjXByRx7IE3n27r1H78V7HbaOeaOZVfID3vsnqJWf5A==</latexit>

x(0) = x0
<latexit sha1_base64="Z//EHE82n12bVMpLc+aeU3LH4eE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyqoBch4MVjBPOAZAmzk0kyZHZ2nemVhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwc1k2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew9up33ji2ohIPeA45n5I+0r0BKNopeao5J7djDpup1B0y+4MZJl4GSlChmqn8NXuRiwJuUImqTEtz43RT6lGwSSf5NuJ4TFlQ9rnLUsVDbnx09m9E3JqlS7pRdqWQjJTf0+kNDRmHAa2M6Q4MIveVPzPayXYu/ZToeIEuWLzRb1EEozI9HnSFZozlGNLKNPC3krYgGrK0EaUtyF4iy8vk/p52bsoe/eXxUo1iyMHx3ACJfDgCipwB1WoAQMJz/AKb86j8+K8Ox/z1hUnmzmCP3A+fwCkc48Y</latexit>

x0(0) = v0
<latexit sha1_base64="RDyVNwwa5sFiSZCpFjL/aETRHxc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRaxXsquCnoRCl48VrAf0i4lm2bb0CS7JNliWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLyd+s0RVZpF8sGMY+oL3JcsZAQbKz0+nZbds5tR1+0WS27FnQEtEy8jJchQ6xa/Or2IJIJKQzjWuu25sfFTrAwjnE4KnUTTGJMh7tO2pRILqv10dvAEnVilh8JI2ZIGzdTfEykWWo9FYDsFNgO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZp+j3pMUWL42BJMFLO3IjLAChNjMyrYELzFl5dJ47ziXVS8+8tStZbFkYcjOIYyeHAFVbiDGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kDAw2PRw==</latexit>

C1 = x0
<latexit sha1_base64="UmLxMdL9Bl8fP+FGM54eYXIbNwQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ6MVjBfsBbQib7bRdutmE3Y1YQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdUKqUXCJTcONwE6ikEahwHY4rs/89iMqzWP5YCYJ+hEdSj7gjBorteuBd/sUuEG54lbdOcgq8XJSgRyNoPzV68csjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWaVPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+umZnDjZ1wmqUHJFosGqSAmJrPfSZ8rZEZMLKFMcXsrYSOqKDM2oZINwVt+eZW0LqreZdW7v6rUGnkcRTiBUzgHD66hBnfQgCYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDRFCO6A==</latexit>

)
<latexit sha1_base64="F+sJJQvcZjh/jsdp88RGUP8KJ8U=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHgxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxVZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r++d1//ai1mgWcZThCI7hFHy4hAbcQBNaQEHBM7zCm4POi/PufMxbS04xcwh/4Hz+AJZNkX4=</latexit>

C2 =
v0 + �x0

!0
<latexit sha1_base64="aHhcBB7+MnduMvXBihxlpMY2g+A=">AAACC3icbVDLSsNAFJ34rPVVdelmaBEFoSRV0I1Q6MZlBfuAJoTJ5KYdOnkwMymWkL0bf8WNC0Xc+gPu/Bunj4W2HrhwOOde7r3HSziTyjS/jZXVtfWNzcJWcXtnd2+/dHDYlnEqKLRozGPR9YgEziJoKaY4dBMBJPQ4dLxhY+J3RiAki6N7NU7ACUk/YgGjRGnJLZUbbu3G9gNBaDZyzXPbA0Xwg2vmmR2H0CenuVuqmFVzCrxMrDmpoDmabunL9mOahhApyomUPctMlJMRoRjlkBftVEJC6JD0oadpREKQTjb9JccnWvFxEAtdkcJT9fdERkIpx6GnO0OiBnLRm4j/eb1UBddOxqIkVRDR2aIg5VjFeBIM9pkAqvhYE0IF07diOiA6F6XjK+oQrMWXl0m7VrUuqtbdZaXenMdRQMeojM6Qha5QHd2iJmohih7RM3pFb8aT8WK8Gx+z1hVjPnOE/sD4/AG/N5pI</latexit>

� =
d

2m
<latexit sha1_base64="3aKWas/M7SJvz4kdXvVm6GVoxK8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9CIUvHisYD+gCWWzmbRLdzdhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6aMKu2639ba+sbm1nZlp7q7t39waB8dd1WSSQIdkrBE9kOsgFEBHU01g34qAfOQQS+c3M783iNIRRPxoPMUAo5HgsaUYG2koV3zQ9D4xo9iiUkRTYsmnw7tuttw53BWiVeSOirRHtpffpSQjIPQhGGlBp6b6qDAUlPCYFr1MwUpJhM8goGhAnNQQTE/fuqcGSVy4kSaEtqZq78nCsyVynloOjnWY7XszcT/vEGm4+ugoCLNNAiyWBRnzNGJM0vCiagEolluCCaSmlsdMsYmBm3yqpoQvOWXV0m32fAuGt79Zb3VLuOooBN0is6Rh65QC92hNuoggnL0jF7Rm/VkvVjv1seidc0qZ2roD6zPH+24lP4=</latexit>

— собственная частота системы       
     (damped natural frequency)

!0
<latexit sha1_base64="Z4BvRs3WoDe+4/QbvFWDFfsxrv4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyqoMeAF48RzAOSJcxOOsmQmdllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+m/mtJ9SGx+rRThIMJR0qPuCMWie1urHEIT3vlSt+1Z+DrJIgJxXIUe+Vv7r9mKUSlWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOKqoRBNm83On5MwpfTKItStlyVz9PZFRacxERq5TUjsyy95M/M/rpHZwG2ZcJalFxRaLBqkgNiaz30mfa2RWTByhTHN3K2EjqimzLqGSCyFYfnmVNC+rwVU1eLiu1Op5HEU4gVO4gABuoAb3UIcGMBjDM7zCm5d4L96797FoLXj5zDH8gff5A/fSj10=</latexit>



Уравнение движения 
Слабое затухание (0 < ζ < 1)
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Уравнение движения 
Граница апериодичности (ζ = 1)

46

x(t) = (C1 + C2t)e
��t

<latexit sha1_base64="xqobTuZHNLrHBLNK00FXrw9RQl0=">AAACBnicbVDJSgNBEO2JW4zbqEcRGoMQEcNMFPQiBHLxGMEskMShp1OJTXoWumvEMOTkxV/x4kERr36DN//GznJwe1DweK+Kqnp+LIVGx/m0MnPzC4tL2eXcyura+oa9uVXXUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf1AZ+41bUFpE4RUOY+gErB+KnuAMjeTZu3cFPDgvVDyXHtKKV8IDuE6P2j4gozjy7LxTdCagf4k7I3kyQ9WzP9rdiCcBhMgl07rlOjF2UqZQcAmjXDvREDM+YH1oGRqyAHQnnbwxovtG6dJepEyFSCfq94mUBVoPA990Bgxv9G9vLP7ntRLsnXVSEcYJQsini3qJpBjRcSa0KxRwlENDGFfC3Er5DVOMo0kuZ0Jwf7/8l9RLRfe46F6e5MvVWRxZskP2SIG45JSUyQWpkhrh5J48kmfyYj1YT9ar9TZtzVizmW3yA9b7F3ZLlqM=</latexit>

x(0) = x0
<latexit sha1_base64="Z//EHE82n12bVMpLc+aeU3LH4eE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyqoBch4MVjBPOAZAmzk0kyZHZ2nemVhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwc1k2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew9up33ji2ohIPeA45n5I+0r0BKNopeao5J7djDpup1B0y+4MZJl4GSlChmqn8NXuRiwJuUImqTEtz43RT6lGwSSf5NuJ4TFlQ9rnLUsVDbnx09m9E3JqlS7pRdqWQjJTf0+kNDRmHAa2M6Q4MIveVPzPayXYu/ZToeIEuWLzRb1EEozI9HnSFZozlGNLKNPC3krYgGrK0EaUtyF4iy8vk/p52bsoe/eXxUo1iyMHx3ACJfDgCipwB1WoAQMJz/AKb86j8+K8Ox/z1hUnmzmCP3A+fwCkc48Y</latexit>

x0(0) = v0
<latexit sha1_base64="RDyVNwwa5sFiSZCpFjL/aETRHxc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRaxXsquCnoRCl48VrAf0i4lm2bb0CS7JNliWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLyd+s0RVZpF8sGMY+oL3JcsZAQbKz0+nZbds5tR1+0WS27FnQEtEy8jJchQ6xa/Or2IJIJKQzjWuu25sfFTrAwjnE4KnUTTGJMh7tO2pRILqv10dvAEnVilh8JI2ZIGzdTfEykWWo9FYDsFNgO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZp+j3pMUWL42BJMFLO3IjLAChNjMyrYELzFl5dJ47ziXVS8+8tStZbFkYcjOIYyeHAFVbiDGtSBgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kDAw2PRw==</latexit>

C1 = x0
<latexit sha1_base64="UmLxMdL9Bl8fP+FGM54eYXIbNwQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ6MVjBfsBbQib7bRdutmE3Y1YQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdUKqUXCJTcONwE6ikEahwHY4rs/89iMqzWP5YCYJ+hEdSj7gjBorteuBd/sUuEG54lbdOcgq8XJSgRyNoPzV68csjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWaVPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+umZnDjZ1wmqUHJFosGqSAmJrPfSZ8rZEZMLKFMcXsrYSOqKDM2oZINwVt+eZW0LqreZdW7v6rUGnkcRTiBUzgHD66hBnfQgCYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDRFCO6A==</latexit>

C2 = v0 + �x0
<latexit sha1_base64="XMIbl0UxD2uY7chtDFqlBOkfH1s=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJJUQS9CoRePFewHtCFstpN26WYTdjelJfSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCmdKO821tbG5t7+wW9or7B4dHx/ZJqaXiVFJo0pjHshMQBZwJaGqmOXQSCSQKOLSDUX3ut8cgFYvFk54m4EVkIFjIKNFG8u1S3a/e47HvXPUC0ARPfMe3y07FWQCvEzcnZZSj4dtfvX5M0wiEppwo1XWdRHsZkZpRDrNiL1WQEDoiA+gaKkgEyssWt8/whVH6OIylKaHxQv09kZFIqWkUmM6I6KFa9ebif1431eGdlzGRpBoEXS4KU451jOdB4D6TQDWfGkKoZOZWTIdEEqpNXEUTgrv68jppVSvudcV9vCnXGnkcBXSGztElctEtqqEH1EBNRNEEPaNX9GbNrBfr3fpYtm5Y+cwp+gPr8welIJLw</latexit>

)
<latexit sha1_base64="F+sJJQvcZjh/jsdp88RGUP8KJ8U=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHgxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxVZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r++d1//ai1mgWcZThCI7hFHy4hAbcQBNaQEHBM7zCm4POi/PufMxbS04xcwh/4Hz+AJZNkX4=</latexit>� =

d

2m
<latexit sha1_base64="3aKWas/M7SJvz4kdXvVm6GVoxK8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9CIUvHisYD+gCWWzmbRLdzdhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6aMKu2639ba+sbm1nZlp7q7t39waB8dd1WSSQIdkrBE9kOsgFEBHU01g34qAfOQQS+c3M783iNIRRPxoPMUAo5HgsaUYG2koV3zQ9D4xo9iiUkRTYsmnw7tuttw53BWiVeSOirRHtpffpSQjIPQhGGlBp6b6qDAUlPCYFr1MwUpJhM8goGhAnNQQTE/fuqcGSVy4kSaEtqZq78nCsyVynloOjnWY7XszcT/vEGm4+ugoCLNNAiyWBRnzNGJM0vCiagEolluCCaSmlsdMsYmBm3yqpoQvOWXV0m32fAuGt79Zb3VLuOooBN0is6Rh65QC92hNuoggnL0jF7Rm/VkvVjv1seidc0qZ2roD6zPH+24lP4=</latexit>



Уравнение движения 
Граница апериодичности (ζ = 1)
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Время колебаний 
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Время колебаний 
Слабое затухание (0 < ζ < 1)

49

T =
1

�
ln

|C1|+ |C2|
"

<latexit sha1_base64="2+BnApLcqD1uabIxxHfpy2zyItQ=">AAACIXicbVDLSgMxFM3UV62vqks3wSIIQpmpgt0IhW5cVugL2lIy6Z02NJMZkkyhTOdX3Pgrblwo0p34M6btLLT1wOUezrmX5B435Exp2/6yMlvbO7t72f3cweHR8Un+9KypgkhSaNCAB7LtEgWcCWhopjm0QwnEdzm03HF14bcmIBULRF1PQ+j5ZCiYxyjRRurny3X8gLsDTxIaO0ncdUGThItUmVX7zgzfYNNLM+NOiIRQMR6IpJ8v2EV7CbxJnJQUUIpaPz/vDgIa+SA05USpjmOHuhcTqRnlkOS6kYKQ0DEZQsdQQXxQvXh5YYKvjDLAXiBNCY2X6u+NmPhKTX3XTPpEj9S6txD/8zqR9sq9mIkw0iDo6iEv4lgHeBEXHjAJVPOpIYRKZv6K6YiYbLQJNWdCcNZP3iTNUtG5LTpPd4VKLY0jiy7QJbpGDrpHFfSIaqiBKHpGr+gdfVgv1pv1ac1Xoxkr3TlHf2B9/wDCtqP5</latexit>

C1 = x0
<latexit sha1_base64="UmLxMdL9Bl8fP+FGM54eYXIbNwQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ6MVjBfsBbQib7bRdutmE3Y1YQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdUKqUXCJTcONwE6ikEahwHY4rs/89iMqzWP5YCYJ+hEdSj7gjBorteuBd/sUuEG54lbdOcgq8XJSgRyNoPzV68csjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWaVPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+umZnDjZ1wmqUHJFosGqSAmJrPfSZ8rZEZMLKFMcXsrYSOqKDM2oZINwVt+eZW0LqreZdW7v6rUGnkcRTiBUzgHD66hBnfQgCYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDRFCO6A==</latexit>

C2 =
v0 + �x0

!0
<latexit sha1_base64="aHhcBB7+MnduMvXBihxlpMY2g+A=">AAACC3icbVDLSsNAFJ34rPVVdelmaBEFoSRV0I1Q6MZlBfuAJoTJ5KYdOnkwMymWkL0bf8WNC0Xc+gPu/Bunj4W2HrhwOOde7r3HSziTyjS/jZXVtfWNzcJWcXtnd2+/dHDYlnEqKLRozGPR9YgEziJoKaY4dBMBJPQ4dLxhY+J3RiAki6N7NU7ACUk/YgGjRGnJLZUbbu3G9gNBaDZyzXPbA0Xwg2vmmR2H0CenuVuqmFVzCrxMrDmpoDmabunL9mOahhApyomUPctMlJMRoRjlkBftVEJC6JD0oadpREKQTjb9JccnWvFxEAtdkcJT9fdERkIpx6GnO0OiBnLRm4j/eb1UBddOxqIkVRDR2aIg5VjFeBIM9pkAqvhYE0IF07diOiA6F6XjK+oQrMWXl0m7VrUuqtbdZaXenMdRQMeojM6Qha5QHd2iJmohih7RM3pFb8aT8WK8Gx+z1hVjPnOE/sD4/AG/N5pI</latexit>

� =
d

2m
<latexit sha1_base64="3aKWas/M7SJvz4kdXvVm6GVoxK8=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9CIUvHisYD+gCWWzmbRLdzdhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6aMKu2639ba+sbm1nZlp7q7t39waB8dd1WSSQIdkrBE9kOsgFEBHU01g34qAfOQQS+c3M783iNIRRPxoPMUAo5HgsaUYG2koV3zQ9D4xo9iiUkRTYsmnw7tuttw53BWiVeSOirRHtpffpSQjIPQhGGlBp6b6qDAUlPCYFr1MwUpJhM8goGhAnNQQTE/fuqcGSVy4kSaEtqZq78nCsyVynloOjnWY7XszcT/vEGm4+ugoCLNNAiyWBRnzNGJM0vCiagEolluCCaSmlsdMsYmBm3yqpoQvOWXV0m32fAuGt79Zb3VLuOooBN0is6Rh65QC92hNuoggnL0jF7Rm/VkvVjv1seidc0qZ2roD6zPH+24lP4=</latexit>



Время колебаний 
Граница апериодичности (ζ = 1)

50

T = max(
1

�
ln

2|C1|
"

,
2

�
ln

4|C2|
e�"

)
<latexit sha1_base64="Yf53OwpALQWOkh4EtIkTXFLZybA="></latexit>

C1 = x0
<latexit sha1_base64="UmLxMdL9Bl8fP+FGM54eYXIbNwQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0ItQ6MVjBfsBbQib7bRdutmE3Y1YQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyaCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdUKqUXCJTcONwE6ikEahwHY4rs/89iMqzWP5YCYJ+hEdSj7gjBorteuBd/sUuEG54lbdOcgq8XJSgRyNoPzV68csjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWaVPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+umZnDjZ1wmqUHJFosGqSAmJrPfSZ8rZEZMLKFMcXsrYSOqKDM2oZINwVt+eZW0LqreZdW7v6rUGnkcRTiBUzgHD66hBnfQgCYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDRFCO6A==</latexit>

C2 = v0 + �x0
<latexit sha1_base64="XMIbl0UxD2uY7chtDFqlBOkfH1s=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJJUQS9CoRePFewHtCFstpN26WYTdjelJfSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCmdKO821tbG5t7+wW9or7B4dHx/ZJqaXiVFJo0pjHshMQBZwJaGqmOXQSCSQKOLSDUX3ut8cgFYvFk54m4EVkIFjIKNFG8u1S3a/e47HvXPUC0ARPfMe3y07FWQCvEzcnZZSj4dtfvX5M0wiEppwo1XWdRHsZkZpRDrNiL1WQEDoiA+gaKkgEyssWt8/whVH6OIylKaHxQv09kZFIqWkUmM6I6KFa9ebif1431eGdlzGRpBoEXS4KU451jOdB4D6TQDWfGkKoZOZWTIdEEqpNXEUTgrv68jppVSvudcV9vCnXGnkcBXSGztElctEtqqEH1EBNRNEEPaNX9GbNrBfr3fpYtm5Y+cwp+gPr8welIJLw</latexit>

� =
d

2m
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extension UIView { 

    class func animate(withDuration duration: TimeInterval,  
                       delay: TimeInterval,  
                       usingSpringWithDamping dampingRatio: CGFloat,  
                       initialSpringVelocity velocity: CGFloat,  
                       options: UIView.AnimationOptions = [],  
                       animations: @escaping () -> Void,  
                       completion: ((Bool) -> Void)? = nil) 

}

Spring Animations в iOS SDK 
UIView

51



Spring Animations в iOS SDK 
CASpringAnimation
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open class CASpringAnimation : CABasicAnimation { 

    /* The mass of the object attached to the end of the spring. Must be greater 
       than 0. Defaults to one. */ 
    open var mass: CGFloat 
     
    /* The spring stiffness coefficient. Must be greater than 0. 
     * Defaults to 100. */     
    open var stiffness: CGFloat 

     
    /* The damping coefficient. Must be greater than or equal to 0. 
     * Defaults to 10. */ 
    open var damping: CGFloat 

}



Spring Animations в iOS SDK 
CASpringAnimation
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extension CASpringAnimation { 

    convenience init(mass: CGFloat = 1, stiffness: CGFloat = 100,  
                     dampingRatio: CGFloat)  
    { 
        self.init() 

        self.mass = mass 
        self.stiffness = stiffness 
        self.damping = 2 * dampingRatio * sqrt(mass * stiffness) 
    } 
     
} 



Spring Animations в iOS SDK 
CASpringAnimation
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open class CASpringAnimation : CABasicAnimation {     
     
    /* The basic duration of the object. Defaults to 0. */ 
    var duration: CFTimeInterval { get set } 

    /* Returns the estimated duration required for the spring system to be 
     * considered at rest. The duration is evaluated for the current animation 
     * parameters. */     
    open var settlingDuration: CFTimeInterval { get } 

}

› settlingDuration не учитывыет смещение пружины: 
fromValue и toValue



Spring Animations в iOS SDK
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Spring Animations в iOS SDK
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Spring Animations в iOS SDK 
UISpringTimingParameters
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class UISpringTimingParameters : NSObject, UITimingCurveProvider { 
     
    init(dampingRatio ratio: CGFloat, initialVelocity velocity: CGVector) 
     
    init(mass: CGFloat, stiffness: CGFloat, damping: CGFloat, 
        initialVelocity velocity: CGVector) 

} 



Spring Animations в iOS SDK 
UISpringTimingParameters
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let timingParameters = UISpringTimingParameters(mass: 1, stiffness: 100, damping: 10, 
                                                initialVelocity: .zero) 

let animator = UIViewPropertyAnimator(duration: 4, timingParameters: timingParameters) 

animator.addAnimations { /* animations */ } 
animator.startAnimation()

print(animator.duration) // 1.4727003346780927



Spring Animations в iOS SDK 
UISpringTimingParameters
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let timingParameters = UISpringTimingParameters(dampingRatio: 0.3,  
                                                initialVelocity: .zero) 

let animator = UIViewPropertyAnimator(duration: 4, timingParameters: timingParameters)

print(animator.duration) // 4.0



Spring Animations в iOS SDK 
Нулевое смещение
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UIView.animate( 
    withDuration: 5, 
    delay: 0, 
    usingSpringWithDamping: 0.1, 
    initialSpringVelocity: -1000, 
    animations: { 
        
    })

› Не работает с нулевым смещением: 
fromValue == toValue

self.circle.frame = self.circle.frame



SpringTimingParameters
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struct Spring { 
    var mass: CGFloat 
    var stiffness: CGFloat 
    var dampingRatio: CGFloat 
} 

struct SpringTimingParameters { 
    var spring: Spring 
    var displacement: CGPoint 
    var initialVelocity: CGPoint 
    var threshold: CGFloat 
}

extension SpringTimingParameters { 
    var duration: TimeInterval 
    func value(at time: TimeInterval) -> CGPoint 
}



Bounce
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DecelerationTimingParameters
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extension DecelerationTimingParameters { 
     
    func duration(to value: CGPoint) -> TimeInterval?     
     
    func velocity(at time: TimeInterval) -> CGPoint 

}



SimpleScrollView
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@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
        let velocity = sender.velocity(in: self) 
        startDeceleration(withVelocity: -velocity) 

    // Other cases 
    } 
}



SimpleScrollView
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func startDeceleration(withVelocity velocity: CGPoint) { 
    let parameters = DecelerationTimingParameters(…)                                                  

    let destination = parameters.destination 
    let intersection = getIntersection(rect: contentOffsetBounds, segment: (contentOffset, destination))

    let duration: TimeInterval 
    if let intersection = intersection { 
        duration = parameters.duration(to: intersection)       
    } else { 
        duration = parameters.duration 
    }

    contentOffsetAnimation = TimerAnimation( 
        duration: duration, 
        animations: { [weak self] _, time in 
            self?.contentOffset = parameters.value(at: time) 
        }, 
               completion: { [weak self] finished in 
            guard finished && intersection != nil else { return } 
            let velocity = parameters.velocity(at: duration) 
            self?.bounce(withVelocity: velocity) 
        }) 
}



SimpleScrollView
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func bounce(withVelocity velocity: CGPoint) { 
    let restOffset = contentOffset.clamped(to: contentOffsetBounds) 
    let displacement = contentOffset - restOffset 
    let threshold = 0.5 / UIScreen.main.scale 
    let spring = Spring(mass: 1, stiffness: 100, dampingRatio: 1)

    contentOffsetAnimation = TimerAnimation( 
        duration: parameters.duration, 
        animations: { [weak self] _, time in 
            self?.contentOffset = restOffset + parameters.value(at: time) 
        }) 
}

    let parameters = SpringTimingParameters(spring: spring, 
                                            displacement: displacement, 
                                            initialVelocity: velocity, 
                                            threshold: threshold)



Spring Animation
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Rubber Band Effect



Rubber Band Effect
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Rubber Band Effect
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Rubber Band Effect 
Полином

71

› wolframalpha.com 

› quadratic fit {0, 0} {500, 205} {1000, 328} {1500, 409}

y = 2 + 0.456x� 0.000124x2
<latexit sha1_base64="tFrA50juEIo7KQwU3oZw0vymcwo=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFEMQyM9bLRii4cVnBXqAdSybNtKGZzJBkpMPQjRtfxY0LRdz6Du58G9N2Ftr6Q+DLf84hOb8XMSqVZX0buYXFpeWV/GphbX1jc8vc3qnLMBaY1HDIQtH0kCSMclJTVDHSjARBgcdIwxtcj+uNByIkDfmdSiLiBqjHqU8xUtrqmPsJvIIOPIZWqXx2PoQnGizLsp3y8N7pmMXJTQvOg51BEWSqdsyvdjfEcUC4wgxJ2bKtSLkpEopiRkaFdixJhPAA9UhLI0cBkW462WIED7XThX4o9OEKTtzfEykKpEwCT3cGSPXlbG1s/ldrxcq/dFPKo1gRjqcP+TGDKoTjSGCXCoIVSzQgLKj+K8R9JBBWOriCDsGeXXke6k7JPi3Zt+VipZrFkQd74AAcARtcgAq4AVVQAxg8gmfwCt6MJ+PFeDc+pq05I5vZBX9kfP4A/yCT1g==</latexit>

http://wolframalpha.com


Rubber Band Effect

72

125

250

375

500

0 250 500 750 1000 1250 1500

UIScrollView Polynomial

Content Offset

Finger



Rubber Band Effect
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Rubber Band Effect
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Rubber Band Effect
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Rubber Band Effect
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func rubberBandClamp(_ x: CGFloat, coeff: CGFloat, dim: CGFloat) -> CGFloat { 
    return (1.0 - (1.0 / ((x * coeff / dim) + 1.0))) * dim 
} 



Rubber Band Effect
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func rubberBandClamp(_ x: CGFloat, coeff: CGFloat, dim: CGFloat,  
                     limits: ClosedRange<CGFloat>) -> CGFloat  
{ 
    let clampedX = x.clamped(to: limits) 
    let diff = abs(x - clampedX) 
    let sign: CGFloat = clampedX > x ? -1 : 1 
     
    return clampedX + sign * rubberBandClamp(diff, coeff: coeff, dim: dim) 
}

limits



Rubber Band Effect

78

struct RubberBand { 
    var coeff: CGFloat = 0.55 
    var dims: CGSize 
    var bounds: CGRect 
     
    func clamp(_ point: CGPoint) -> CGPoint 
}

bounds

dims



@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
        let velocity = sender.velocity(in: self) 
        startDeceleration(withVelocity: -velocity) 

    // Other cases 
    } 
}

SimpleScrollView
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SimpleScrollView
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func clampOffset(_ offset: CGPoint) -> CGPoint { 
    return offset.clamped(to: contentOffsetBounds) 
}



SimpleScrollView
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func clampOffset(_ offset: CGPoint) -> CGPoint { 
    let rubberBand = RubberBand(dims: frame.size, bounds: contentOffsetBounds) 
    return rubberBand.clamp(offset) 
}



SimpleScrollView
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@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
        let velocity = sender.velocity(in: self) 
        startDeceleration(withVelocity: -velocity) 

    // Other cases 
    } 
}



@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) { 
    switch sender.state { 
    case .began: 
        state = .dragging(initialOffset: contentOffset) 
     
    case .changed: 
        let translation = sender.translation(in: self) 
        if case .dragging(let initialOffset) = state { 
            contentOffset = clampOffset(initialOffset - translation) 
        } 
     
    case .ended: 
        state = .default 
        let velocity = sender.velocity(in: self) 
        completeGesture(withVelocity: -velocity) 

    // Other cases 
    } 
}

SimpleScrollView
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SimpleScrollView
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func completeGesture(withVelocity velocity: CGPoint) { 
    if contentOffsetBounds.contains(contentOffset) { 
        startDeceleration(withVelocity: velocity) 
    } else { 
        bounce(withVelocity: velocity) 
    } 
}



Rubber Band Effect
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Примеры



Карточка 
Переход между состояниями
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Карточка 
Переход между состояниями

88



Карточка 
Переход между состояниями

89Designing Fluid Interfaces | developer.apple.com/videos/play/wwdc2018/803/ 
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Карточка 
Переход между состояниями
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Карточка 
Поиск проекции
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func project(value: CGPoint, velocity: CGPoint, decelerationRate: CGFloat) -> CGPoint { 
    return value - velocity / (1000.0 * log(decelerationRate)) 
}

X = x0 �
v0

1000ln(d)
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Карточка
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func completeGesture(velocity: CGPoint) { 
    let decelerationRate = UIScrollView.DecelerationRate.normal.rawValue 

    let projection = project(value: self.origin, velocity: velocity,  
                             decelerationRate: decelerationRate) 

    let anchor = nearestAnchor(to: projection) 

    UIView.animate(withDuration: 0.25) { [weak self] in 
       self?.origin = anchor 
    } 
}



Карточка 
Переход между состояниями
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Карточка 
Переход между состояниями
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Карточка 
Переход между состояниями
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Карточка
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func completeGesture(velocity: CGPoint) { 
    let decelerationRate = UIScrollView.DecelerationRate.normal.rawValue 
    let projection = project(value: self.origin, velocity: velocity,  
                             decelerationRate: decelerationRate) 
    
    let anchor = nearestAnchor(to: projection)

    let timingParameters = SpringTimingParameters( 
        spring: Spring(mass: 1, stiffness: 200, dampingRatio: 1),  
        displacement: self.origin - anchor, 
        initialVelocity: velocity,  
        threshold: 0.5 / UIScreen.main.scale)

    originAnimation = TimerAnimation( 
        duration: timingParameters.duration, 
        animations: { [weak self] _, time in 
            self?.origin = anchor + timingParameters.value(at: time) 
        }) 
}



Карточка 
Damping Ratio = 1.0
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Карточка 
Damping Ratio < 1.0
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Picture in Picture
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Кастомная пейджинация 
App Store
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Карточка 
Rubber Band Effect
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Карточка 
Rubber Band Effect
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Схема Метро 
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Заключение



Заключение
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› Плавный переход между состояниями  →  Проекция + Spring Animation 

› Плавная граница  →  Rubber Band Effect
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Ссылки
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› Репозиторий с примерами 
  github.com/super-ultra/ScrollMechanics 

› Designing Fluid Interfaces 
  developer.apple.com/videos/play/wwdc2018/803 

› Advanced Animations with UIKit 
  developer.apple.com/videos/play/wwdc2017/230 

› Блог разработки Яндекс.Карт 
  medium.com/yandex-maps-ios

https://github.com/super-ultra/ScrollMechanics
http://developer.apple.com/videos/play/wwdc2018/803
http://developer.apple.com/videos/play/wwdc2017/230
https://medium.com/yandex-maps-ios
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