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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]摘 要  农田尺度上土壤累积入渗量的准确获取是目前土壤入渗研究中的难题。通过土工模拟和灌水实验，探讨利用低频探地雷达（GPR）技术探测土壤累积入渗量的方法。在分析灌水前后GPR剖面特征的基础上，分别构建和对比了基于波速法和振幅法的土壤累积入渗量计算模型。结果表明，基于振幅的探测模型在精度和稳定性方面均优于波速法，反射波振幅模型精度高于地面波模型，利用反射波波谷1构建的累积入渗量的GPR探测模型的决定系数达到0.96。因此，使用低频探地雷达可以实现对土壤累积入渗量的准确探测。研究结果为农田尺度上土壤累积入渗量的探测方法提供了一种新思路，同时，也为GPR在土壤学领域中的进一步应用提供了科学依据。
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土壤入渗一般是指水自土表垂直向下进入土壤的过程，是水文循环的重要环节，它决定着降水或灌溉水进入土壤的数量[1-2]。累积入渗量是降水或灌溉过程中的土壤入渗总量，即地表水转化为土壤水的总量，田间灌溉量的设计, 盐渍土洗盐量的控制等均关系到土壤累积入渗量的计算[3]，是重要的土壤入渗参数之一。传统测量土壤入渗量的方法主要包括双环法、圆盘入渗仪法、人工降雨法、降雨入流积水法、降雨入流产流法和线源入流测量方法等，但这些方法在野外使用时，存在耗费体力和时间较多、需水量大且空间连续测量困难等弊端[4-8]，亟待研究能在一定的空间范围内快速连续测定土壤累积入渗量的方法。
探地雷达（Ground Penetrating Radar，GPR）是用高频无线电波来确定介质内部物质分布规律的一种探测方法[9-10]。由于GPR具有对液态水的敏感性，近二十年的研究表明，GPR特别适合于监测近地面土壤含水量的变化[11]，因此，GPR能对研究土壤入渗过程提供一种非破坏性的监测手段[12]。许多学者在探地雷达监测土壤入渗方面做了很多富有价值的研究。Saintenoy等[13]通过在沙子中进行地下渗灌实验，利用GPR记录的剖面图，分析监测了水分湿润区的上下界线。Mangel等[14]使用多补偿GPR，通过往沙箱中注水实验分析水文足迹。Leger等[15]基于高频GPR雷达天线记录的水分入渗过程中湿润锋反射波的旅行时间为特定沙壤计算了一整套水力参数。这些研究大多是利用高频GPR图像的剖面特征分析土壤水在低耗介质中的扩散范围，有关土壤入渗累积量的GPR定量探测研究较少，尤其是在有耗介质土壤中的研究更是少见。土壤入渗量本质上是由于地表水下渗导致的土壤含水量的增加，有关土壤含水量的GPR探测，目前的GPR技术是通过获取电磁波在土壤中的运行时间、波速等信息来估计土壤的介电常数，进而利用土壤介电常数和土壤含水量的经验公式或半理论关系式如Topp公式等来计算土壤的含水量[16-19]。目前，土壤含水量GPR探测是针对稳态条件下土壤中的含水量，多是采用波速法。而土壤入渗却蕴含着土壤水的运动，这是与传统土壤含水量GPR探测不同的地方。此外，目前研究结果表明，在估测土壤表层0～20cm含水量时，高频探地雷达精度高于低频雷达[20-21]。但是，当有效降水进入土壤后，土壤水开始向下入渗并进行分配，土壤水分入渗不局限于土壤表层，因此土壤累积入渗量探测时，需要使用低频雷达。鉴于土壤入渗的上述特点，目前适用于探测土壤表层含水量的波速法能否运用于低频GPR对土壤累积入渗量的探测尚未可知，需要进行实验和探索。因此，本文通过模拟灌水实验，获取GPR数据，在分析累积入渗量的GPR剖面特征基础上，探索适用于低频GPR的准确反演土壤累积入渗量模型的构建方法，为低频GPR在土壤入渗参数的获取方面提供方法支持。
1　材料与方法
1.1　试验设计
试验在山东省泰安市山东农业大学资源与环境学院实验站(36°18'N，117°12'E)进行。试验区的土壤类型为棕壤，质地为黏壤土，在试验站内采集耕层（0～60cm）土壤240kg，混合均匀，将供试土壤全部风干，过5mm筛备用。混合后的土壤的基本理化性状为:全氮0. 51 gkg-1，有机质10. 1gkg-1，碱解氮46. 3mgkg-1，有效磷22. 5mgkg-1，速效钾57.8mgkg-1，pH 7.27。黏粒15.3%，粉粒44.7%，砂粒40.0%。
采用木制土槽进行室内试验。低频雷达的探测深度较深（>10m），但考虑到模拟实验的土工量、作物的根系活动层深度，将土槽尺寸设计为：长（200 cm）×宽（100 cm）×高（100 cm）。为了模拟土壤分层特性，将模型设计为两层：土体模型高90cm，箱体底部铺设厚度为16cm的湿土层，土壤湿度为32%。其上覆盖74cm的自然风干土，土壤湿度为3.1%。箱底下面为水泥地，将其作为计算波速的反射界面。分层填装试验土壤，将每层土壤放入土槽内并整平，压实到设计厚度并将装好的土层用工具打毛，再装入上一层土壤。覆土结束后静置24h后在其表面进行模拟降水的灌水实验，为了研究累积入渗量，湿润土层深度小于干土层。灌水使用去离子水，喷洒方式，均匀喷洒，按1.65L的增量（换算为土壤体积含水量为0.21%）多次灌水，共构成0L、1.65L、3.3L和4.95L四个灌水梯度，灌水后自下而上形成湿土、干土和湿土三层土体模型，每次灌水结束后，静置，等土面看不到明水后，进行GPR扫描，扫描结束后，测量土壤入渗层深度。
1.2　GPR数据采集及图像预处理
GPR数据采集系统为加拿大 Pulse-EKKO 低频探地雷达，频率为250 MHz，介质参数设置为壤土，采样间隔0.6ns。考虑到农田尺度上的应用，GPR采集采用固定间距法。采样时窗根据下列公式计算：

 (1)
式中，D表示预期能达到的探测深度，m；V为土壤介质中的平均雷达波速度，mns-1;w为采样时间窗，ns。
实验中，探测深度为1m；随着土壤入渗过程的进行，土壤含水量增加，土壤介质的平均雷达波速度在变化，根据从干土到最后灌溉实验结束时对应的雷达波速和TOPP模型，得出波速变化范围为1.66mns-1～1.18mns-1，对应的时窗分别为2.2m和1.57m。
为了验证探测模型精度，每次灌水结束后，分别采用2.2m和1.57m两个时窗进行扫描，共获得两组试验样本，每组4个样本，除含水量外每组控制变量属性均相同。
调整好雷达波的起点后，雷达的发射天线和接收天线以固定间距沿测线同步移动，为了避免周围容器壁的反射所造成的影响，测线尽量沿模型的中间缓慢前进。系统自动记录和存储数据，每次探测操作重复三次。土工实验结束后，选用GPR随机的EKKO-View和EKKO-View Deluxe软件进行去直流漂移、静校正、增益等雷达数据预处理。
1.3基于波速法的累积入渗量估算
GPR剖面特征显示，随着土壤入渗量的增加，水泥反射界面以上的土体介电常数增加，波速降低，参考目前常用的估算土壤体积含水量的Topp模型，构建土壤累积入渗量与介电常数的关系模型如下：
（2）
式中，g为土壤累积入渗量；ε为介电常数。
对于大多数的低耗土壤，介质介电常数ε可由下式给出：
（3）
式中，c为电磁波在空气中的传播速度，值为3.0×108 ms-1。v为电磁波在从地面到水泥反射面的传播速度（mns-1）。
在已知水泥反射介质深度h（m）的情况下，根据电磁波传播理论，可以得到电磁波传播速度v（mns-1）：
（4）
式中，t为雷达波从地面到水泥反射面的走时(ns)，h为水泥界面距地面的深度（m）；
1.4基于振幅的土壤累积入渗量的探测方法
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)雷达波在传播过程中，遇到不同电性介质界面时，电磁波会发生反射，经由雷达接收天线接收并记录下来，电性差异越大，振幅的变化也会越大。随着土壤累积入渗量的增大，雷达回波振幅随之发生变化，根据这一现象，本文选择地面波和反射波的波峰振幅、波谷振幅以及波峰与波谷的距离等几个振幅参量考察振幅与土壤累积入渗量的关系，其中波峰到波谷的距离示意图如图1所示。首先对振幅参量与土壤累积入渗量进行相关分析，然后通过相关系数选择对土壤累积入渗量敏感的回波振幅参量，最后根据统计分析拟合两者的关系，构建土壤累积入渗量的振幅探测模型。
1.5　数据统计与分析
采用Microsoft Excel 2013计算探地雷达平均走时和振幅，绘制GPR剖面图，并进行建模和统计分析。
2 结果与讨论
2.1 土壤入渗的GPR剖面特征
为了消除箱壁和土壤间隙引起的优先流对测量结果的影响以及模型箱壁对雷达波的干扰，将预处理后的雷达数据去除左右各5道雷达数据后取均值作为每个样点的GPR剖面，灌水前后的GPR剖面如图2所示。

注：a.灌水前2.2m时窗剖面,b.灌水后2.2m时窗剖面,c.灌水后1.57m时窗剖面
Note:a. the GPR profileof 2.2m time window before irrigation , b.the GPR profile of 2.2m time windowafter irrigation,c.the GPR profile of 1.57m time windowafter irrigation 
图2 灌水前后雷达剖面图
Fig. 2GPR profiles of the soil before and after irrigation
灌水前GPR剖面图显示，低频雷达振幅较强，地面直达波的波谷值接近15000，随着雷达波向下传播，能量逐渐衰减，20ns之后能量很弱。在约10ns处形成明显的波形跳动，这个层次对应土体中的干湿界面。水泥界面在12ns附近。两种时窗的波形有所差异，但振幅的基本规律维持不变。
不同灌水量的GPR剖面图显示，随着灌水量的递增，地面波振幅增加。灌水后干湿界面形成的反射波的相位相比于灌水前上移，随着灌水量的增加，界面也随之向上移动，这是由于灌水后，土壤表层湿润，与下面的干土层构成了一个新的层面即湿-干界面，在该界面上电磁波也会产生反射，该反射波与下层的干湿界面的反射波叠加，从而造成干湿界面反射波的上移，随着灌水量的增多，湿-干界面的反射增强，因此干湿界面逐渐上移，同时振幅逐渐增大。在2.2m时窗下，灌水量为1.65L时，水泥界面的走时有微量增加，但当灌水量增加至3.3L和4.95L时，水泥界面的走时不增反降，1.57m时窗情形与之类似。水泥界面的振幅变化较为明显，波谷值和波峰值随着灌水量的增多而增大，这是由于随着灌水量的增大，水泥界面上方的含水量增大，介电常数增大，波速变慢，走时增加，界面下移，但是在其上方干湿界面的上移带动下，水泥界面也随之上移，电磁波走时减少，随着灌水量的增加，干湿界面的上移幅度超过了波速的降低程度，因此水泥界面产生小幅上移。
2.2基于波速法的累积入渗量的探测精度
采用波速法计算2.2m时窗和1.57m时窗的累积入渗量对应的介电常数，并拟合两者关系，结果如表1所示,两种时窗合并后得到的总样本的拟合关系如图3所示。
表1 不同时窗情况下与土壤累积入渗量对应的GPR走时、速度、介电常数及其决定系数
Table 1 GPR travel time, velocity, dielectric constant and determination coefficient corresponding to soil cumulative infiltration relative to time window
	时窗
Time window
	累积入渗量
Cumulative infiltration（L）
	走时
Travel time（ns）
	速度
Velocity(mns-1)
	介电常数
Dielectric constant
	决定系数
Determination coefficientR2

	2.2m
	0
	11.9
	0.198
	2.300
	0.820

	
	1.65
	11.95
	0.197
	2.326
	

	
	3.3
	11.8
	0.200
	2.250
	

	
	4.95
	11.7
	0.202
	2.200
	

	1.57m
	0
	11.3
	0.205
	2.151
	0.1


	
	1.65
	11.9
	0.191
	2.454
	

	
	3.3
	11.5
	0.200
	2.250
	

	
	4.95
	11.3
	0.205
	2.151
	

	总样本Total samples
	　--
	--　
	--　
	　--
	0.119


从表中可以看出，累积入渗量增大后，介电常数与累积入渗量并没有构成对应的递增关系，两者的关系依赖时窗设置，不同时窗的决定系数差异较大，两种时窗合并后形成的总样本的相关系数低，说明该模型的精度低、稳定性差，不能准确反映土壤累积入渗量。








图3 介电常数与土壤累积入渗量的拟合曲线
Fig. 3 Fitting curve of dielectric constant and soil cumulative infiltration
2.3基于振幅法的土壤累积入渗量的探测精度
地面波和反射波的振幅与土壤累积入渗量的对应关系和相关性最高的决定系数如表2和表3所示，其中Pd表示地面波波峰，Pr1表示反射波波峰1，Pr2表示反射波波峰2，Gd表示地面波波谷，Gr1表示反射波波谷1，Gr2表示反射波波谷2。Ad表示地面波波峰到波谷的距离，Ar1表示反射波波峰到波谷的距离1，Ar2表示反射波波峰到波谷的距离2。
表2 不同累积入渗量对应的地面波和反射波的振幅
Table 2 Amplitudes of ground wave and reflection wave relative to soil cumulative infiltration
	累积入渗量 Cumulative infiltration
	Pd
	Gd
	Ad
	Pr1
	Gr1
	Ar1
	Pr2
	Gr2
	Ar2

	0
	7.470×103
	-1.317×104
	2.064×104
	3.038×103
	2.086×103
	9.523×103
	2.489×103
	-1.189×103
	3.677×103

	1.65
	9.439×103
	-1.782×104
	2.726×104
	2.589×103
	2.528×103
	6.067
	3.836×103
	-1.567×103
	5.403×103

	3.3
	8.563×103
	-1.783×104
	2.640×104
	3.295×103
	3.220×103
	7.500
	3.909×103
	-2.083×103
	5.991×103

	4.95
	8.916×103
	-1.871×104
	2.762×104
	3.903×103
	3.917×103
	-1.400
	4.527×103
	-2.224×103
	6.752×103



表3 不同时窗及总样本情况下累积入渗量与GPR振幅的决定系数
Table 3 Determination coefficient of cumulative infiltration（R2）and GPR amplitude relative to time windows and total samples
	样本Sample
	Pd
	Gd
	Ad
	Pr1
	Gr1
	Ar1
	Pr2
	Gr2
	Ar2

	1.57m时窗1.57m time window
	0.823
	0.965
	0.940
	0.854
	0.986
	0.917
	0.929
	0.999
	0.968

	2.2m时窗2.2m time window
	0.602
	0.920
	0.857
	0.913
	0.999
	0.919
	0.925
	0.981
	0.983

	总样本Totalsamples
	0.701
	0.943
	0.896
	0.812
	0.962
	0.890
	0.866
	0.925
	0.917


从表中可以看出，不同的时窗设置下，两者的相关系数略有差异，但两者的总体规律不变，相关系数低的，在分时窗及总样本中的相关系数均低，反之，均高，三种情况下，与累积入渗量相关性高的GPR电磁波的振幅主要包括：反射波波谷1>反射波波谷2>地面波波谷，说明电磁波波谷对土壤累积入渗量变化响应最为剧烈，三个振幅中以反射波波谷1的相关性最高，在三种情况下决定系数均在0.96以上，其次是反射波波谷2，这三个参量与累积入渗量的总样本拟合关系见图4.

注：a.反射波1波谷；b.地面波波谷；c.反射波2波谷	Note:a. the reflection wave 1 , b. the ground direct wave , c. the reflection wave 2
[bookmark: _GoBack]图4波谷振幅与累积入渗量的总样本拟合关系
Fig.4 Fitting relationship between trough amplitude and total of the soil cumulative infiltration samples
通过比较决定系数的高低，选择反射波波谷1的振幅作为累积入渗量的建模变量，两者的拟合关系如下式所示：
∆W= -6×10-7Ar12 + 0.0061Ar1 - 10.233（R²=0.962）（5）
式中，∆W为累积入渗量（L）; Ar1为反射波波谷1振幅
3 讨论
相比于波速法，基于振幅法的估测模型可以更准确地估测土壤累积入渗量。这与目前土壤含水量的GPR探测研究结果有所不同，Wijewardana等[22]用带有200 MHz天线的GPR系统（脉冲EKKO Pro）测定菜园土壤（质地类型为砂质黏壤土）0.1m 深范围内土壤水分含量，采用波速法构建的介电常数与土壤含水量的模型的决定系数为0.754。Weihermüller等[21]使用450MHz天线的GPR系统对德国莱茵省南部农田土壤（粉砂质黏壤土）1m深范围内土壤含水量探测实验表明，采用波速法构建的介电常数与土壤含水量的模型的决定系数为0.79。周立刚等[20]分别采用1GHz和2GHz频率的GPR系统探测土壤模型箱中厚度为0.25m的粉砂质黏壤土的土壤水分含量，采用波速法构建的两种雷达频率的介电常数与土壤含水量的模型的决定系数分别为0.94和与0.97。而本文采用250MHz的探地雷达，通过波速法构建的土壤累积入渗量的探测模型的决定系数却只有0.119，因此，虽然波速法可以用于土壤含水量的探测，但其用于低频雷达探测土壤累积入渗量却不理想。分析其原因，土壤累积入渗量的变化，对土壤的GPR电磁波的影响体现在两个方面：一是在土壤剖面的表层形成了湿干界面，二是增加了土壤含水量。GPR介电常数与土壤体积含水量关系最为密切，但是当探测的土壤体积较大时，入渗量的增量对提升土壤体积含水量作用微弱，本文中入渗量的增量为1.65L，换算为整个实验土体中的土壤体积含水量的增量约为0.2%，这样小的增量，对介电常数的贡献是微弱的，因此，要想准确计算土壤累积入渗量，必须准确获取介电常数，然而，由于低频雷达的空间分辨率低，无法获取准确和稳定的波速，因此波速法构建的累积入渗量模型精度较低，此外，波速法模型的精度与采样时窗设置密切相关，随着土壤累积入渗量的变化，采样时窗需要随之调整，这样无疑增加了操作的难度和不确定性。但是由于低频雷达具有高能量特性，振幅对累积入渗量变化响应敏感，且与采样时窗的设置无关，模型的稳定性高，构建的模型优于波速法，因此，在使用低频雷达探测土壤累积入渗量时应使用基于振幅的模型。
在振幅法建模中，基于反射波的建模精度要高于地面波的精度。分析其原因，地面波是由发射天线横向传输到接收天线，它对空气和土壤界面的含水量敏感，而天线接收的反射回波是来自土体中，土体中形成的湿润锋面由于介质干湿度的强烈差异会造成很强的回波能量，而土壤表层含水量的变化相对缓和，因此反射波对土壤累积入渗量较地面波更敏感。第二个原因可能是浅反射对地面波的干涉，在土壤灌水试验中，当灌水量较少时，会在土壤表层形成一个湿土薄层，由于该薄层与下方干土的介电常数的差异较大，从而对电磁波形成强反射，该回波信号与地面波叠加，从而对地面波产生影响。这与前人的研究结论一致，Huisman等[23]通过在3 600m2的农田土壤中（质地类型为砂壤土）进行灌溉实验发现，利用225 MHz天线和地波方法估计土壤表层体积含水量时被高估, 他认为浅表层反射是造成这一现象的原因之一。
本文所提方法的适宜性可能会受到计划湿润层中的土壤初始含水量的影响。本实验是利用风干土构建的土体模型，因此会在土壤表层湿润后，形成明显的湿干界面，从而会有振幅的强烈响应，但是，如果在土壤初始湿度较大的情况下进行灌水，这时，湿润后形成的湿干界面不明显，反射波的振幅变动可能不会对累积入渗量产生显著响应，因此该模型的使用具有一定的局限性，它适用于土壤初始含水量较小的情况。当然，在农田灌溉管理实践中，只有在耕层土壤缺水时才进行灌溉，这时灌溉，会形成明显的湿干界面，因此，模型还是具有较强的实践应用性。
4结论
使用低频探地雷达可以实现对土壤累积入渗量的定量探测，基于振幅的探测模型在精度和稳定性方面均优于波速法。两个采样时窗下的波速法和建模法的累积入渗量的精度分析结果表明，振幅法对入渗的湿润界面具有明显的反射能量变化，因此，对累积入渗量的响应更加敏感和明显，波速法依赖于时窗和土壤体积含水量。因此，在使用低频雷达探测土壤累积入渗量时应使用基于振幅的模型。就地面波和反射波而言，反射波对土壤累积入渗量变化的敏感性要高于地面波，这是与高频探地雷达时不同和需要注意的地方。与高频雷达相比，低频雷达存在探测深度大、能量强但分辨率低的特点，尽管湿润层较薄时，无法精细探测其范围，但在表面灌水情况下，却可以通过湿干界面上形成的强烈能量反射准确实现累积入渗量的探测。因此利用低频雷达实现土壤累积入渗量探测是可行的。同时，本文所提方法更符合自然土壤的剖面特征，适宜性更广。因此，本研究针对低频雷达应用于土壤累积入渗量的探测提供了一种有效的方法，可为农田灌溉管理提供技术参考。
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Method for Measurement of Soil Cumulative Infiltration Based on Low Frequency GPR
WANG Ruiyan1,2 YIN Tao2HU Yingying2GAO Peng2ZHAO Gengxing1,2CHEN Hongyan1,2
(1National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources; Tai'an, Shandong271018, China)
（2 College of Resources and Environment, Tai'an, Shandong271018,China）
Abstract【Objective】Accurately assessing soil cumulative infiltration is essential to many field irrigation management and saline soil amelioration projects. However, the measurement of soilcumulativeinfiltration using the conventional methods has a number of defects, like costly,  destructive and time-consuming. In addition, because soil infiltration is spatially variable,these point measurement techniques are of limitedvalue in assessing the soil cumulative infiltration over a largearea. The technique of Ground Penetrating Radar (GPR) can beused to collect the data non-destructively and instantly over a large area. Therefore, the technique is much higher than the conventional methodsin potentiality and applicability for use to assess soil cumulative infiltration on afield scale.【Method】In order to show that soil cumulative infiltration can be extracted from low frequency GPR data in the case of a loamy soil, a controlled soil and irrigation experimentwas carried out. During the experiment, a 250 MHz antenna was used to collect GPR data for analysis of radargrams before and after the irrigation. Based on the radargrams obtained a soil infiltration estimation model was constructed using the electromagnetic wave amplitude recorded by the GPR. Then the model was compared with the electromagnetic wave speed model in accuracy and time windowstability.【Result】Results show that the determination coefficient of electromagnetic wave speed and soil cumulative infiltration was 0.8, 0.1 and 0.12 in the 2.2m time window, 1.57m time window and total of the samples,respectively, indicating that the electromagnetic wave speed model depends on time windows,and is low in stability and precision, so the model is not good enough to reflect soil cumulative infiltrations.While GPR amplitude was found to be more sensitive to variation of soilcumulative infiltration.Among theelectromagnetic wave amplitude parameters,the determination coefficient of trough amplitude of Reflection Wave I and soil cumulative infiltration was 0.999, 0.986and 0.962 in the 2.2m time window, 1.57m time window and total of the samples, respectively, and the determination coefficient of the trough amplitude of Reflection Wave II and soil cumulative infiltration was 0.981, 0.999 and 0.925, respectively.while the determination coefficient of trough amplitude of the ground direct wave and soil cumulative infiltration was 0.920, 0.965 and 0.943, respectively. By following the principle of the highest determination coefficient, this paper selectedthe trough amplitude of Reflection Wave Iin constructing the GPR model for detection of soil cumulative infiltration, thus bringing the determination coefficient up to 0.96.【Conclusion】In brief, the electromagnetic wave amplitude model is higher than the wave speed model in precision and stability, and can be used to monitor and estimate soilcumulativeinfiltration.The trough amplitude of Reflection Wave I is an ideal indicator to be used to effectively monitor soil cumulativeinfiltration. Therefore, the low frequency GPR can be used to accurately detect soilcumulative infiltration. All the findings in this research may provide a new way for the detection of soilcumulative infiltration on field scales, and also a scientific basis for further application GPR to the field of soil science.
Key words Low frequency GPR; Soil cumulative infiltration; Non-destructive detection
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灌水前	8.846153846	2.9230769229999995	-0.38461538500000098	0.38461538500000098	4.076923077	9.384615385	9.461538462	9.769230769	16.61538462000005	49.923076920000085	205.8461538	791.30769229999828	1899.3076920000001	3814.9230770000022	6308.9230770000004	7808.4615380000014	6199.8461540000044	1299.769231	-4916.9230770000004	-11261.92308	-13844.307689999971	-11774.92308	-7196.0769230000014	-2572.4615380000059	509.92307689999922	2152	2844.4615380000059	2915.8461540000012	2740.6923080000001	2645.538462	2708.2307689999998	2819.9230770000022	2661.3846149999999	2016.538462	1042.538462	65.230769230000007	-730.76923079999949	-1193.538462	-1260.769231	-973.69230770000001	-468.92307689999922	-16.153846150000035	268.53846149999993	324.15384620000032	236.7692308	117.0769231	30.69230769	-1.538461538	6.923076923	32.07692308	67	98.61538462	118.7692308	123.38461540000017	112.0769231	92.692307689999978	75.692307689999978	63	48.692307690000085	33.84615385	16.230769229999989	0.61538461500000063	-6.692307692	-5.769230769	6.538461538	19.69230769	30.69230769	35.38461538	32.30769231	26.61538462000005	20.230769229999989	17.07692308	19.38461538	26.38461538	33.153846149999993	42.61538462	50.153846149999993	55.61538462	61.53846154	65.076923080000171	67.92307692	64.38461538000017	56.30769231	46.30769231	38.153846149999993	34.53846154	35.230769230000085	39.46153846	45.46153846	48.84615385	51.769230770000085	54.53846154	55.07692308	54.30769231	52.53846154	45.30769231	39.38461538	32.769230770000085	29.61538462000005	28.38461538	30.69230769	34.230769230000085	38.230769230000085	42.153846149999993	45.07692308	45.53846154	44.61538462	41	34.84615385	28.69230769	21.69230769	16.61538462000005	12.61538462	12.153846150000021	13.92307692	20	24.46153846	27.30769231	26.69230769	21.46153846	16.92307692	14.92307692	13.69230769	10.84615385	8.384615385	9.6153846150000213	9.923076923	14.53846154	19.30769231	23.153846150000035	24.53846154	23.769230769999989	21.92307692	20.07692308	17.769230769999989	18.84615385	18.230769229999989	17.61538462000005	15	13.153846150000021	13.92307692	-3.2	-2.8000000000000007	-2.4000000000000004	-2	-1.6000000000000005	-1.2000000000000002	-0.79999999999999982	-0.40000000000000036	0	0.4	0.79999999999999982	1.1999999999999971	1.5999999999999968	2	2.4	2.8	3.2	3.5999999999999988	4	4.3999999999999995	4.8	5.2	5.6	6	6.3999999999999995	6.8	7.1999999999999975	7.6	8	8.4000000000000021	8.8000000000000007	9.2000000000000011	9.6	10	10.400000000000002	10.8	11.2	11.600000000000001	12	12.400000000000002	12.8	13.2	13.600000000000001	14	14.400000000000002	14.8	15.2	15.600000000000001	16	16.399999999999999	16.8	17.2	17.599999999999987	18	18.399999999999999	18.799999999999986	19.200000000000003	19.600000000000001	20.000000000000004	20.400000000000002	20.8	21.200000000000003	21.6	22.000000000000004	22.400000000000002	22.8	23.200000000000003	23.6	24.000000000000004	24.400000000000002	24.8	25.200000000000003	25.6	26.000000000000004	26.400000000000002	26.8	27.200000000000003	27.6	28.000000000000004	28.400000000000002	28.8	29.200000000000003	29.6	30.000000000000004	30.400000000000002	30.8	31.200000000000003	31.6	32	32.4	32.800000000000004	33.200000000000003	33.6	34	34.4	34.800000000000004	35.20000000000001	35.6	36	36.4	36.800000000000004	37.20000000000001	37.6	38	38.4	38.800000000000004	39.20000000000001	39.6	40	40.4	40.800000000000004	41.20000000000001	41.6	42	42.4	42.8	43.20000000000001	43.6	44	44.4	44.8	45.20000000000001	45.6	46	46.4	46.8	47.20000000000001	47.6	48	48.4	48.8	49.20000000000001	49.6	50	50.4	50.8	51.20000000000001	51.6	52	52.4	52.8	1.65L	11.214285714285714	11.571428571428571	12.357142857142858	11.785714285714286	12.428571428571429	12.071428571428571	12.357142857142858	16.714285714285715	29.714285714285715	80.785714285714292	309.07142857142856	784.92857142857144	1628.9285714285713	3673.4285714285716	6863.8571428571431	9260.4285714285706	7801.2142857142853	2274.6428571428573	-5765.2857142857147	-13856.285714285714	-17339.714285714286	-14511.285714285714	-7671.7857142857147	-1378.3571428571429	1719.9285714285713	2561.8571428571427	2677.7857142857142	2911.6428571428573	3272.2142857142858	3617.1428571428573	3882.6428571428573	3949.6428571428573	3601.1428571428573	2690.8571428571427	1364.2857142857142	4.7142857142857144	-1015.6428571428571	-1539.8571428571429	-1634.2142857142858	-1450.5	-1079.5	-666.64285714285711	-259.21428571428572	73	301.85714285714283	393.35714285714283	392.85714285714283	365.42857142857144	334.64285714285717	303.5	270.42857142857144	219.57142857142858	143.21428571428572	50.714285714285715	-41	-111.85714285714286	-152.85714285714286	-159.92857142857142	-139.78571428571428	-105.21428571428571	-66.714285714285708	-26.357142857142858	9.2142857142857135	46.357142857142854	80.071428571428569	113.78571428571429	139.85714285714286	146.35714285714286	129	92.857142857142861	45.071428571428569	-8.6428571428571423	-53.785714285714285	-85.785714285714292	-93.071428571428569	-78	-45.142857142857146	-4.7857142857142856	35	61.071428571428569	75.071428571428569	80.214285714285708	80.142857142857139	74.214285714285708	70.428571428571431	64.142857142857139	55.785714285714285	43.571428571428569	24.571428571428573	5.3571428571428568	-12.928571428571429	-24.5	-23.071428571428573	-9.9285714285714288	11.928571428571429	36.285714285714285	56.071428571428569	69.071428571428569	72.785714285714292	67.642857142857139	56.428571428571431	43.285714285714285	31.857142857142858	23.642857142857142	17.357142857142858	14.071428571428571	10.785714285714286	9.7142857142857135	10.571428571428571	15	22.5	35	51.642857142857146	66.285714285714292	78.857142857142861	82.571428571428569	81.5	71.928571428571431	59.785714285714285	45.285714285714285	32.714285714285715	23.214285714285715	18.214285714285715	18.142857142857142	21.428571428571427	28.571428571428573	36.928571428571431	44.142857142857146	53.571428571428569	57	63.214285714285715	65.142857142857139	63.714285714285715	58.142857142857146	50.785714285714285	44	37.285714285714285	34.357142857142854	35.357142857142854	39.714285714285715	45.785714285714285	-3.1999999999999904	-2.8000000000000007	-2.3999999999999906	-2	-1.6000000000000005	-1.19999999999999	-0.79999999999999005	-0.39999999999999014	9.7699626167013776E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.600000000000001	2	2.4	2.8	3.1999999999999997	3.6	4	4.4000000000000004	4.8	5.2	5.6	6	6.4	6.8	7.1999999999999993	7.6	7.9999999999999991	8.3999999999999986	8.8000000000000007	9.1999999999999993	9.6	10	10.399999999999988	10.8	11.2	11.599999999999998	12	12.399999999999999	12.8	13.2	13.599999999999998	14	14.399999999999999	14.8	15.1999999999999	15.599999999999898	16	16.399999999999999	16.8	17.1999999999999	17.599999999999898	18	18.399999999999899	18.8	19.1999999999999	19.600000000000001	20	20.399999999999899	20.8	21.1999999999999	21.6	22	22.400000000000002	22.8	23.1999999999999	23.6	24	24.400000000000002	24.8	25.1999999999999	25.6	26	26.400000000000002	26.8	27.1999999999999	27.6	28	28.400000000000002	28.8	29.1999999999999	29.6	30	30.400000000000002	30.8	31.1999999999999	31.6	32	32.4	32.799999999999997	33.199999999999896	33.6	34	34.4	34.799999999999997	35.199999999999896	35.599999999999895	36	36.4	36.799999999999997	37.199999999999896	37.599999999999895	38	38.4	38.799999999999997	39.199999999999896	39.599999999999895	40	40.4	40.799999999999997	41.199999999999896	41.599999999999994	42	42.4	42.8	43.199999999999896	43.599999999999994	44	44.4	44.8	45.199999999999896	45.599999999999994	46	46.4	46.8	47.199999999999896	47.599999999999994	48	48.4	48.8	49.199999999999896	49.599999999999994	50	50.4	50.8	51.199999999999896	51.599999999999994	52	52.4	52.8	3.3L	4.8666666666666663	5.8	6.9333333333333336	6.6	6.9333333333333336	6.4666666666666668	5.4	5.666666666666667	14.133333333333333	34.666666666666664	124.6	392.13333333333333	638.33333333333337	1074.7333333333333	2548.1999999999998	5560	8389.6	8560.9333333333325	4988.5333333333338	-3255.3333333333335	-11831.6	-17452.933333333334	-16936.333333333332	-9994.1333333333332	-2339.6	1899.4	3150.8666666666668	3382.6666666666665	3637.7333333333331	4004.1333333333332	4180.3999999999996	4129.2666666666664	3900.6	3382.8666666666668	2467.8666666666668	1189.5333333333333	-169.73333333333332	-1295.1333333333334	-1928.1333333333334	-2066.6	-1850.2666666666667	-1424	-870.2	-335.06666666666666	146.93333333333334	493.66666666666669	682.33333333333337	714.6	650.13333333333333	537.33333333333337	396.66666666666669	259.2	126.26666666666667	18.533333333333335	-65.400000000000006	-127.8	-172.33333333333334	-192.33333333333334	-177.33333333333334	-127.8	-64.266666666666666	0	51.866666666666667	96.466666666666669	135.93333333333334	164.06666666666666	176.6	163.53333333333333	135.46666666666667	94.8	56.06666666666667	19.133333333333333	-4.4000000000000004	-19.733333333333334	-26.533333333333335	-24	-15.2	-2.8666666666666667	14.4	38.06666666666667	65.400000000000006	88.4	97.86666666666666	93.6	75.733333333333334	53.2	25	0.73333333333333328	-17.266666666666666	-22.333333333333332	-14.533333333333333	2.1333333333333333	25.133333333333333	42.466666666666669	59.266666666666666	69.466666666666669	76.13333333333334	74.599999999999994	66.466666666666669	52.666666666666664	33.06666666666667	11.6	-1.2666666666666666	-6.1333333333333337	-3.1333333333333333	4.1333333333333337	18.066666666666666	31.266666666666666	40.200000000000003	48.733333333333334	51.06666666666667	50.4	46.266666666666666	40.799999999999997	33.666666666666664	26.333333333333332	19.133333333333333	14.2	10.266666666666667	11.466666666666667	14.466666666666667	17.933333333333334	23	28.6	35.06666666666667	42	50.2	52.2	50.266666666666666	45.06666666666667	37.333333333333336	29.8	22.6	18.133333333333333	19.533333333333335	21.066666666666666	25.8	29.133333333333333	31.666666666666668	34.4	32.866666666666667	-6.6	-3.4000000000000004	-2.9999999999999902	-2.5999999999999996	-2.2000000000000002	-1.8000000000000007	-1.4000000000000004	-0.99999999999999023	-0.60000000000000009	-0.20000000000000018	0.19999999999999973	0.59999999999999964	1.0000000000000009	1.4000000000000008	1.8000000000000007	2.1999999999999997	2.5999999999999996	3	3.4	3.8	4.1999999999999993	4.5999999999999996	5	5.4	5.8	6.2	6.6	7	7.4	7.8	8.1999999999999993	8.6	9	9.4	9.8000000000000007	10.199999999999999	10.599999999999991	11	11.399999999999999	11.8	12.2	12.599999999999998	13	13.399999999999999	13.8	14.2	14.599999999999998	15	15.399999999999899	15.799999999999898	16.1999999999999	16.599999999999998	17	17.399999999999899	17.799999999999898	18.1999999999999	18.599999999999898	19	19.399999999999899	19.8	20.1999999999999	20.599999999999898	21	21.399999999999899	21.8	22.1999999999999	22.6	23	23.399999999999899	23.8	24.1999999999999	24.6	25	25.399999999999899	25.8	26.1999999999999	26.6	27	27.399999999999899	27.8	28.1999999999999	28.6	29	29.399999999999899	29.8	30.1999999999999	30.6	31	31.399999999999899	31.8	32.199999999999896	32.6	33	33.399999999999899	33.799999999999997	34.200000000000003	34.6	35	35.399999999999899	35.799999999999898	36.200000000000003	36.6	37	37.399999999999899	37.799999999999898	38.200000000000003	38.6	39	39.399999999999899	39.799999999999898	40.200000000000003	40.6	41	41.399999999999899	41.8	42.2	42.6	43	43.399999999999899	43.8	44.2	44.6	45	45.399999999999899	45.8	46.2	46.6	47	47.399999999999899	47.8	48.2	48.6	49	49.399999999999899	49.8	50.2	50.6	51	51.399999999999899	51.8	52.2	4.95L	4.7333333333333334	4.1333333333333337	5.666666666666667	5.6	6	5.4	5.2666666666666666	6.4666666666666668	15.666666666666666	46.533333333333331	171.8	468.26666666666665	654.79999999999995	872.4	1823.8	4111.3999999999996	6941.2	8649.5333333333328	6993.2666666666664	420	-8185.8	-15998.133333333333	-18647.133333333335	-14105.933333333332	-5652.666666666667	953.93333333333328	3414.2666666666669	3946	4157.2	4495.2666666666664	4787.9333333333334	4743.8666666666668	4327.2	3647.8	2697	1401.6	-39.4	-1337.7333333333333	-2122.0666666666666	-2330.9333333333334	-2062.6	-1511.3333333333333	-821.26666666666665	-209.13333333333333	275.2	569.4	686	659.33333333333337	538.73333333333335	376.66666666666669	220.73333333333332	113.4	42.266666666666666	2.2666666666666666	-22.733333333333334	-44.2	-62.866666666666667	-69.733333333333334	-65.86666666666666	-52.733333333333334	-33.266666666666666	-14.2	0.93333333333333335	11.066666666666666	21.333333333333332	39.733333333333334	66.066666666666663	95.066666666666663	112.13333333333334	114.8	98.4	69.733333333333334	41.6	20.266666666666666	8.8000000000000007	6.8	10.133333333333333	12.066666666666666	12.533333333333333	15.866666666666667	22.333333333333332	29.666666666666668	38.799999999999997	44.466666666666669	44	36.799999999999997	25.733333333333334	15.666666666666666	9.2666666666666675	6.4	7.9333333333333336	11.466666666666667	13.2	14.333333333333334	14.666666666666666	18	23	29.4	34.266666666666666	-4.0000000000000009	-3.6000000000000005	-3.1999999999999904	-2.8000000000000007	-2.3999999999999906	-1.9999999999999902	-1.6000000000000005	-1.19999999999999	-0.79999999999999005	-0.39999999999999014	9.7699626167013776E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.6000000000000008	2	2.4	2.8	3.1999999999999997	3.5999999999999996	4	4.4000000000000004	4.8	5.1999999999999993	5.6	6	6.4	6.8	7.1999999999999993	7.6	7.9999999999999991	8.3999999999999986	8.8000000000000007	9.1999999999999993	9.6	10	10.399999999999999	10.8	11.2	11.599999999999998	12	12.399999999999999	12.8	13.2	13.599999999999998	14	14.399999999999999	14.8	15.2	15.599999999999998	16	16.399999999999999	16.8	17.2	17.599999999999998	18	18.400000000000002	18.8	19.2	19.600000000000001	20	20.400000000000002	20.8	21.2	21.6	22	22.400000000000002	22.8	23.2	23.6	24	24.400000000000002	24.8	25.2	25.6	26	26.400000000000002	26.8	27.2	27.6	28	28.400000000000002	28.8	29.2	29.6	30	30.400000000000002	30.8	31.2	31.6	32	32.4	32.799999999999997	33.199999999999996	33.6	34	34.4	34.799999999999997	35.199999999999996	35.599999999999994	36	36.4	36.799999999999997	37.199999999999996	37.599999999999994	38	38.4	38.799999999999997	39.199999999999996	39.599999999999994	40	40.4	40.799999999999997	41.199999999999996	41.599999999999994	42	42.4	42.8	43.199999999999996	43.599999999999994	44	44.4	44.8	45.199999999999996	45.599999999999994	46	46.4	46.8	47.199999999999996	47.599999999999994	48	48.4	48.8	49.199999999999996	49.599999999999994	50	50.4	50.8	51.199999999999996	51.599999999999994	52	相对振幅 Relative amplitude

走时 Travel time（ns）


灌水前	8.846153846	2.9230769229999995	-0.38461538500000098	0.38461538500000098	4.076923077	9.384615385	9.461538462	9.769230769	16.61538462000005	49.923076920000085	205.8461538	791.30769229999828	1899.3076920000001	3814.9230770000022	6308.9230770000004	7808.4615380000014	6199.8461540000044	1299.769231	-4916.9230770000004	-11261.92308	-13844.307689999971	-11774.92308	-7196.0769230000014	-2572.4615380000059	509.92307689999922	2152	2844.4615380000059	2915.8461540000012	2740.6923080000001	2645.538462	2708.2307689999998	2819.9230770000022	2661.3846149999999	2016.538462	1042.538462	65.230769230000007	-730.76923079999949	-1193.538462	-1260.769231	-973.69230770000001	-468.92307689999922	-16.153846150000035	268.53846149999993	324.15384620000032	236.7692308	117.0769231	30.69230769	-1.538461538	6.923076923	32.07692308	67	98.61538462	118.7692308	123.38461540000017	112.0769231	92.692307689999978	75.692307689999978	63	48.692307690000085	33.84615385	16.230769229999989	0.61538461500000063	-6.692307692	-5.769230769	6.538461538	19.69230769	30.69230769	35.38461538	32.30769231	26.61538462000005	20.230769229999989	17.07692308	19.38461538	26.38461538	33.153846149999993	42.61538462	50.153846149999993	55.61538462	61.53846154	65.076923080000171	67.92307692	64.38461538000017	56.30769231	46.30769231	38.153846149999993	34.53846154	35.230769230000085	39.46153846	45.46153846	48.84615385	51.769230770000085	54.53846154	55.07692308	54.30769231	52.53846154	45.30769231	39.38461538	32.769230770000085	29.61538462000005	28.38461538	30.69230769	34.230769230000085	38.230769230000085	42.153846149999993	45.07692308	45.53846154	44.61538462	41	34.84615385	28.69230769	21.69230769	16.61538462000005	12.61538462	12.153846150000021	13.92307692	20	24.46153846	27.30769231	26.69230769	21.46153846	16.92307692	14.92307692	13.69230769	10.84615385	8.384615385	9.6153846150000213	9.923076923	14.53846154	19.30769231	23.153846150000035	24.53846154	23.769230769999989	21.92307692	20.07692308	17.769230769999989	18.84615385	18.230769229999989	17.61538462000005	15	13.153846150000021	13.92307692	-3.2	-2.8000000000000007	-2.4000000000000004	-2	-1.6000000000000005	-1.2000000000000002	-0.79999999999999982	-0.40000000000000036	0	0.4	0.79999999999999982	1.1999999999999971	1.5999999999999968	2	2.4	2.8	3.2	3.5999999999999988	4	4.3999999999999995	4.8	5.2	5.6	6	6.3999999999999995	6.8	7.1999999999999975	7.6	8	8.4000000000000021	8.8000000000000007	9.2000000000000011	9.6	10	10.400000000000002	10.8	11.2	11.600000000000001	12	12.400000000000002	12.8	13.2	13.600000000000001	14	14.400000000000002	14.8	15.2	15.600000000000001	16	16.399999999999999	16.8	17.2	17.599999999999987	18	18.399999999999999	18.799999999999986	19.200000000000003	19.600000000000001	20.000000000000004	20.400000000000002	20.8	21.200000000000003	21.6	22.000000000000004	22.400000000000002	22.8	23.200000000000003	23.6	24.000000000000004	24.400000000000002	24.8	25.200000000000003	25.6	26.000000000000004	26.400000000000002	26.8	27.200000000000003	27.6	28.000000000000004	28.400000000000002	28.8	29.200000000000003	29.6	30.000000000000004	30.400000000000002	30.8	31.200000000000003	31.6	32	32.4	32.800000000000004	33.200000000000003	33.6	34	34.4	34.800000000000004	35.20000000000001	35.6	36	36.4	36.800000000000004	37.20000000000001	37.6	38	38.4	38.800000000000004	39.20000000000001	39.6	40	40.4	40.800000000000004	41.20000000000001	41.6	42	42.4	42.8	43.20000000000001	43.6	44	44.4	44.8	45.20000000000001	45.6	46	46.4	46.8	47.20000000000001	47.6	48	48.4	48.8	49.20000000000001	49.6	50	50.4	50.8	51.20000000000001	51.6	52	52.4	52.8	1.65L	11.214285714285714	11.571428571428571	12.357142857142858	11.785714285714286	12.428571428571429	12.071428571428571	12.357142857142858	16.714285714285715	29.714285714285715	80.785714285714292	309.07142857142856	784.92857142857144	1628.9285714285713	3673.4285714285716	6863.8571428571431	9260.4285714285706	7801.2142857142853	2274.6428571428573	-5765.2857142857147	-13856.285714285714	-17339.714285714286	-14511.285714285714	-7671.7857142857147	-1378.3571428571429	1719.9285714285713	2561.8571428571427	2677.7857142857142	2911.6428571428573	3272.2142857142858	3617.1428571428573	3882.6428571428573	3949.6428571428573	3601.1428571428573	2690.8571428571427	1364.2857142857142	4.7142857142857144	-1015.6428571428571	-1539.8571428571429	-1634.2142857142858	-1450.5	-1079.5	-666.64285714285711	-259.21428571428572	73	301.85714285714283	393.35714285714283	392.85714285714283	365.42857142857144	334.64285714285717	303.5	270.42857142857144	219.57142857142858	143.21428571428572	50.714285714285715	-41	-111.85714285714286	-152.85714285714286	-159.92857142857142	-139.78571428571428	-105.21428571428571	-66.714285714285708	-26.357142857142858	9.2142857142857135	46.357142857142854	80.071428571428569	113.78571428571429	139.85714285714286	146.35714285714286	129	92.857142857142861	45.071428571428569	-8.6428571428571423	-53.785714285714285	-85.785714285714292	-93.071428571428569	-78	-45.142857142857146	-4.7857142857142856	35	61.071428571428569	75.071428571428569	80.214285714285708	80.142857142857139	74.214285714285708	70.428571428571431	64.142857142857139	55.785714285714285	43.571428571428569	24.571428571428573	5.3571428571428568	-12.928571428571429	-24.5	-23.071428571428573	-9.9285714285714288	11.928571428571429	36.285714285714285	56.071428571428569	69.071428571428569	72.785714285714292	67.642857142857139	56.428571428571431	43.285714285714285	31.857142857142858	23.642857142857142	17.357142857142858	14.071428571428571	10.785714285714286	9.7142857142857135	10.571428571428571	15	22.5	35	51.642857142857146	66.285714285714292	78.857142857142861	82.571428571428569	81.5	71.928571428571431	59.785714285714285	45.285714285714285	32.714285714285715	23.214285714285715	18.214285714285715	18.142857142857142	21.428571428571427	28.571428571428573	36.928571428571431	44.142857142857146	53.571428571428569	57	63.214285714285715	65.142857142857139	63.714285714285715	58.142857142857146	50.785714285714285	44	37.285714285714285	34.357142857142854	35.357142857142854	39.714285714285715	45.785714285714285	-3.1999999999999904	-2.8000000000000007	-2.3999999999999906	-2	-1.6000000000000005	-1.19999999999999	-0.79999999999999005	-0.39999999999999014	9.7699626167013776E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.600000000000001	2	2.4	2.8	3.1999999999999997	3.6	4	4.4000000000000004	4.8	5.2	5.6	6	6.4	6.8	7.1999999999999993	7.6	7.9999999999999991	8.3999999999999986	8.8000000000000007	9.1999999999999993	9.6	10	10.399999999999988	10.8	11.2	11.599999999999998	12	12.399999999999999	12.8	13.2	13.599999999999998	14	14.399999999999999	14.8	15.1999999999999	15.599999999999898	16	16.399999999999999	16.8	17.1999999999999	17.599999999999898	18	18.399999999999899	18.8	19.1999999999999	19.600000000000001	20	20.399999999999899	20.8	21.1999999999999	21.6	22	22.400000000000002	22.8	23.1999999999999	23.6	24	24.400000000000002	24.8	25.1999999999999	25.6	26	26.400000000000002	26.8	27.1999999999999	27.6	28	28.400000000000002	28.8	29.1999999999999	29.6	30	30.400000000000002	30.8	31.1999999999999	31.6	32	32.4	32.799999999999997	33.199999999999896	33.6	34	34.4	34.799999999999997	35.199999999999896	35.599999999999895	36	36.4	36.799999999999997	37.199999999999896	37.599999999999895	38	38.4	38.799999999999997	39.199999999999896	39.599999999999895	40	40.4	40.799999999999997	41.199999999999896	41.599999999999994	42	42.4	42.8	43.199999999999896	43.599999999999994	44	44.4	44.8	45.199999999999896	45.599999999999994	46	46.4	46.8	47.199999999999896	47.599999999999994	48	48.4	48.8	49.199999999999896	49.599999999999994	50	50.4	50.8	51.199999999999896	51.599999999999994	52	52.4	52.8	3.3L	4.8666666666666663	5.8	6.9333333333333336	6.6	6.9333333333333336	6.4666666666666668	5.4	5.666666666666667	14.133333333333333	34.666666666666664	124.6	392.13333333333333	638.33333333333337	1074.7333333333333	2548.1999999999998	5560	8389.6	8560.9333333333325	4988.5333333333338	-3255.3333333333335	-11831.6	-17452.933333333334	-16936.333333333332	-9994.1333333333332	-2339.6	1899.4	3150.8666666666668	3382.6666666666665	3637.7333333333331	4004.1333333333332	4180.3999999999996	4129.2666666666664	3900.6	3382.8666666666668	2467.8666666666668	1189.5333333333333	-169.73333333333332	-1295.1333333333334	-1928.1333333333334	-2066.6	-1850.2666666666667	-1424	-870.2	-335.06666666666666	146.93333333333334	493.66666666666669	682.33333333333337	714.6	650.13333333333333	537.33333333333337	396.66666666666669	259.2	126.26666666666667	18.533333333333335	-65.400000000000006	-127.8	-172.33333333333334	-192.33333333333334	-177.33333333333334	-127.8	-64.266666666666666	0	51.866666666666667	96.466666666666669	135.93333333333334	164.06666666666666	176.6	163.53333333333333	135.46666666666667	94.8	56.06666666666667	19.133333333333333	-4.4000000000000004	-19.733333333333334	-26.533333333333335	-24	-15.2	-2.8666666666666667	14.4	38.06666666666667	65.400000000000006	88.4	97.86666666666666	93.6	75.733333333333334	53.2	25	0.73333333333333328	-17.266666666666666	-22.333333333333332	-14.533333333333333	2.1333333333333333	25.133333333333333	42.466666666666669	59.266666666666666	69.466666666666669	76.13333333333334	74.599999999999994	66.466666666666669	52.666666666666664	33.06666666666667	11.6	-1.2666666666666666	-6.1333333333333337	-3.1333333333333333	4.1333333333333337	18.066666666666666	31.266666666666666	40.200000000000003	48.733333333333334	51.06666666666667	50.4	46.266666666666666	40.799999999999997	33.666666666666664	26.333333333333332	19.133333333333333	14.2	10.266666666666667	11.466666666666667	14.466666666666667	17.933333333333334	23	28.6	35.06666666666667	42	50.2	52.2	50.266666666666666	45.06666666666667	37.333333333333336	29.8	22.6	18.133333333333333	19.533333333333335	21.066666666666666	25.8	29.133333333333333	31.666666666666668	34.4	32.866666666666667	-6.6	-3.4000000000000004	-2.9999999999999902	-2.5999999999999996	-2.2000000000000002	-1.8000000000000007	-1.4000000000000004	-0.99999999999999023	-0.60000000000000009	-0.20000000000000018	0.19999999999999973	0.59999999999999964	1.0000000000000009	1.4000000000000008	1.8000000000000007	2.1999999999999997	2.5999999999999996	3	3.4	3.8	4.1999999999999993	4.5999999999999996	5	5.4	5.8	6.2	6.6	7	7.4	7.8	8.1999999999999993	8.6	9	9.4	9.8000000000000007	10.199999999999999	10.599999999999991	11	11.399999999999999	11.8	12.2	12.599999999999998	13	13.399999999999999	13.8	14.2	14.599999999999998	15	15.399999999999899	15.799999999999898	16.1999999999999	16.599999999999998	17	17.399999999999899	17.799999999999898	18.1999999999999	18.599999999999898	19	19.399999999999899	19.8	20.1999999999999	20.599999999999898	21	21.399999999999899	21.8	22.1999999999999	22.6	23	23.399999999999899	23.8	24.1999999999999	24.6	25	25.399999999999899	25.8	26.1999999999999	26.6	27	27.399999999999899	27.8	28.1999999999999	28.6	29	29.399999999999899	29.8	30.1999999999999	30.6	31	31.399999999999899	31.8	32.199999999999896	32.6	33	33.399999999999899	33.799999999999997	34.200000000000003	34.6	35	35.399999999999899	35.799999999999898	36.200000000000003	36.6	37	37.399999999999899	37.799999999999898	38.200000000000003	38.6	39	39.399999999999899	39.799999999999898	40.200000000000003	40.6	41	41.399999999999899	41.8	42.2	42.6	43	43.399999999999899	43.8	44.2	44.6	45	45.399999999999899	45.8	46.2	46.6	47	47.399999999999899	47.8	48.2	48.6	49	49.399999999999899	49.8	50.2	50.6	51	51.399999999999899	51.8	52.2	4.95L	4.7333333333333334	4.1333333333333337	5.666666666666667	5.6	6	5.4	5.2666666666666666	6.4666666666666668	15.666666666666666	46.533333333333331	171.8	468.26666666666665	654.79999999999995	872.4	1823.8	4111.3999999999996	6941.2	8649.5333333333328	6993.2666666666664	420	-8185.8	-15998.133333333333	-18647.133333333335	-14105.933333333332	-5652.666666666667	953.93333333333328	3414.2666666666669	3946	4157.2	4495.2666666666664	4787.9333333333334	4743.8666666666668	4327.2	3647.8	2697	1401.6	-39.4	-1337.7333333333333	-2122.0666666666666	-2330.9333333333334	-2062.6	-1511.3333333333333	-821.26666666666665	-209.13333333333333	275.2	569.4	686	659.33333333333337	538.73333333333335	376.66666666666669	220.73333333333332	113.4	42.266666666666666	2.2666666666666666	-22.733333333333334	-44.2	-62.866666666666667	-69.733333333333334	-65.86666666666666	-52.733333333333334	-33.266666666666666	-14.2	0.93333333333333335	11.066666666666666	21.333333333333332	39.733333333333334	66.066666666666663	95.066666666666663	112.13333333333334	114.8	98.4	69.733333333333334	41.6	20.266666666666666	8.8000000000000007	6.8	10.133333333333333	12.066666666666666	12.533333333333333	15.866666666666667	22.333333333333332	29.666666666666668	38.799999999999997	44.466666666666669	44	36.799999999999997	25.733333333333334	15.666666666666666	9.2666666666666675	6.4	7.9333333333333336	11.466666666666667	13.2	14.333333333333334	14.666666666666666	18	23	29.4	34.266666666666666	-4.0000000000000009	-3.6000000000000005	-3.1999999999999904	-2.8000000000000007	-2.3999999999999906	-1.9999999999999902	-1.6000000000000005	-1.19999999999999	-0.79999999999999005	-0.39999999999999014	9.7699626167013776E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.6000000000000008	2	2.4	2.8	3.1999999999999997	3.5999999999999996	4	4.4000000000000004	4.8	5.1999999999999993	5.6	6	6.4	6.8	7.1999999999999993	7.6	7.9999999999999991	8.3999999999999986	8.8000000000000007	9.1999999999999993	9.6	10	10.399999999999999	10.8	11.2	11.599999999999998	12	12.399999999999999	12.8	13.2	13.599999999999998	14	14.399999999999999	14.8	15.2	15.599999999999998	16	16.399999999999999	16.8	17.2	17.599999999999998	18	18.400000000000002	18.8	19.2	19.600000000000001	20	20.400000000000002	20.8	21.2	21.6	22	22.400000000000002	22.8	23.2	23.6	24	24.400000000000002	24.8	25.2	25.6	26	26.400000000000002	26.8	27.2	27.6	28	28.400000000000002	28.8	29.2	29.6	30	30.400000000000002	30.8	31.2	31.6	32	32.4	32.799999999999997	33.199999999999996	33.6	34	34.4	34.799999999999997	35.199999999999996	35.599999999999994	36	36.4	36.799999999999997	37.199999999999996	37.599999999999994	38	38.4	38.799999999999997	39.199999999999996	39.599999999999994	40	40.4	40.799999999999997	41.199999999999996	41.599999999999994	42	42.4	42.8	43.199999999999996	43.599999999999994	44	44.4	44.8	45.199999999999996	45.599999999999994	46	46.4	46.8	47.199999999999996	47.599999999999994	48	48.4	48.8	49.199999999999996	49.599999999999994	50	50.4	50.8	51.199999999999996	51.599999999999994	52	a    相对振幅 Relative amplitude

走时 Travel time（ns）


灌水前  Non-irrigation	8.846153846	2.9230769229999995	-0.38461538500000086	0.38461538500000086	4.076923077	9.384615385	9.461538462	9.769230769	16.615384620000043	49.923076920000071	205.8461538	791.30769229999862	1899.3076920000001	3814.9230770000022	6308.9230770000004	7808.4615380000014	6199.8461540000044	1299.769231	-4916.9230770000004	-11261.92308	-13844.307689999978	-11774.92308	-7196.0769230000014	-2572.461538000005	509.92307689999933	2152	2844.461538000005	2915.8461540000012	2740.6923080000001	2645.538462	2708.2307689999998	2819.9230770000022	2661.3846149999999	2016.538462	1042.538462	65.230769230000007	-730.76923079999949	-1193.538462	-1260.769231	-973.69230770000001	-468.92307689999933	-16.153846150000035	268.53846149999993	324.15384620000032	236.7692308	117.0769231	30.69230769	-1.538461538	6.923076923	32.07692308	67	98.61538462	118.7692308	123.38461540000014	112.0769231	92.692307689999978	75.692307689999978	63	48.692307690000071	33.84615385	16.230769229999989	0.61538461500000063	-6.692307692	-5.769230769	6.538461538	19.69230769	30.69230769	35.38461538	32.30769231	26.615384620000043	20.230769229999989	17.07692308	19.38461538	26.38461538	33.153846149999993	42.61538462	50.153846149999993	55.61538462	61.53846154	65.076923080000142	67.92307692	64.384615380000142	56.30769231	46.30769231	38.153846149999993	34.53846154	35.230769230000071	39.46153846	45.46153846	48.84615385	51.769230770000071	54.53846154	55.07692308	54.30769231	52.53846154	45.30769231	39.38461538	32.769230770000071	29.615384620000043	28.38461538	30.69230769	34.230769230000071	38.230769230000071	42.153846149999993	45.07692308	45.53846154	44.61538462	41	34.84615385	28.69230769	21.69230769	16.615384620000043	12.61538462	12.153846150000017	13.92307692	20	24.46153846	27.30769231	26.69230769	21.46153846	16.92307692	14.92307692	13.69230769	10.84615385	8.384615385	9.6153846150000177	9.923076923	14.53846154	19.30769231	23.153846150000035	24.53846154	23.769230769999989	21.92307692	20.07692308	17.769230769999989	18.84615385	18.230769229999989	17.615384620000043	15	13.153846150000017	13.92307692	-3.2	-2.8000000000000007	-2.4000000000000004	-2	-1.6000000000000005	-1.2000000000000002	-0.79999999999999982	-0.40000000000000036	0	0.4	0.79999999999999982	1.1999999999999975	1.5999999999999972	2	2.4	2.8	3.2	3.5999999999999988	4	4.3999999999999995	4.8	5.2	5.6	6	6.3999999999999995	6.8	7.1999999999999975	7.6	8	8.4000000000000021	8.8000000000000007	9.2000000000000011	9.6	10	10.400000000000002	10.8	11.2	11.600000000000001	12	12.400000000000002	12.8	13.2	13.600000000000001	14	14.400000000000002	14.8	15.2	15.600000000000001	16	16.399999999999999	16.8	17.2	17.599999999999987	18	18.399999999999999	18.799999999999986	19.200000000000003	19.600000000000001	20.000000000000004	20.400000000000002	20.8	21.200000000000003	21.6	22.000000000000004	22.400000000000002	22.8	23.200000000000003	23.6	24.000000000000004	24.400000000000002	24.8	25.200000000000003	25.6	26.000000000000004	26.400000000000002	26.8	27.200000000000003	27.6	28.000000000000004	28.400000000000002	28.8	29.200000000000003	29.6	30.000000000000004	30.400000000000002	30.8	31.200000000000003	31.6	32	32.4	32.800000000000004	33.200000000000003	33.6	34	34.4	34.800000000000004	35.20000000000001	35.6	36	36.4	36.800000000000004	37.20000000000001	37.6	38	38.4	38.800000000000004	39.20000000000001	39.6	40	40.4	40.800000000000004	41.20000000000001	41.6	42	42.4	42.8	43.20000000000001	43.6	44	44.4	44.8	45.20000000000001	45.6	46	46.4	46.8	47.20000000000001	47.6	48	48.4	48.8	49.20000000000001	49.6	50	50.4	50.8	51.20000000000001	51.6	52	52.4	52.8	1.65L	11.214285714285714	11.571428571428571	12.357142857142884	11.785714285714286	12.428571428571399	12.071428571428571	12.357142857142884	16.714285714285758	29.714285714285758	80.785714285714292	309.07142857142856	784.9285714285727	1628.9285714285757	3673.4285714285697	6863.8571428571431	9260.428571428567	7801.2142857142835	2274.6428571428537	-5765.2857142857147	-13856.285714285705	-17339.714285714334	-14511.285714285705	-7671.7857142857147	-1378.3571428571402	1719.9285714285757	2561.8571428571513	2677.7857142857142	2911.6428571428537	3272.2142857142803	3617.1428571428537	3882.6428571428537	3949.6428571428537	3601.1428571428537	2690.8571428571513	1364.2857142857151	4.7142857142857055	-1015.6428571428571	-1539.8571428571402	-1634.214285714286	-1450.5	-1079.5	-666.64285714285711	-259.21428571428567	73	301.85714285714283	393.35714285714283	392.85714285714283	365.42857142857014	334.64285714285774	303.5	270.42857142857014	219.57142857142861	143.21428571428532	50.714285714285715	-41	-111.85714285714285	-152.8571428571434	-159.92857142857142	-139.78571428571428	-105.21428571428572	-66.714285714285722	-26.357142857142829	9.2142857142857135	46.357142857142755	80.071428571428399	113.78571428571429	139.8571428571434	146.3571428571434	129	92.857142857142819	45.071428571428484	-8.6428571428571228	-53.785714285714285	-85.785714285714292	-93.071428571428399	-78	-45.142857142857153	-4.7857142857142874	35	61.071428571428484	75.071428571428399	80.214285714285722	80.142857142856883	74.214285714285722	70.428571428571388	64.142857142856883	55.785714285714285	43.571428571428484	24.571428571428573	5.3571428571428461	-12.928571428571399	-24.5	-23.071428571428573	-9.9285714285713969	11.928571428571399	36.285714285714285	56.071428571428484	69.071428571428399	72.785714285714292	67.642857142856883	56.428571428571516	43.285714285714285	31.857142857142829	23.642857142857178	17.357142857142829	14.071428571428571	10.785714285714286	9.7142857142857135	10.571428571428571	15	22.5	35	51.642857142857153	66.285714285714292	78.857142857142819	82.571428571428399	81.5	71.928571428571388	59.785714285714285	45.285714285714285	32.714285714285715	23.214285714285758	18.214285714285758	18.142857142857178	21.428571428571427	28.571428571428573	36.928571428571516	44.142857142857153	53.571428571428484	57	63.214285714285715	65.142857142856883	63.714285714285715	58.142857142857153	50.785714285714285	44	37.285714285714285	34.357142857142755	35.357142857142755	39.714285714285715	45.785714285714285	-3.1999999999999904	-2.8000000000000007	-2.3999999999999861	-2	-1.6000000000000005	-1.1999999999999877	-0.79999999999999005	-0.39999999999999147	9.7699626167014675E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.6000000000000021	2	2.4	2.8	3.1999999999999997	3.6	4	4.4000000000000004	4.8	5.2	5.6	6	6.4	6.8	7.1999999999999975	7.6	7.9999999999999991	8.4000000000000021	8.8000000000000007	9.2000000000000011	9.6	10	10.400000000000002	10.8	11.2	11.600000000000001	12	12.400000000000002	12.8	13.2	13.600000000000001	14	14.400000000000002	14.8	15.199999999999918	15.599999999999918	16	16.399999999999999	16.8	17.1999999999999	17.599999999999888	18	18.399999999999899	18.8	19.1999999999999	19.600000000000001	20	20.399999999999899	20.8	21.1999999999999	21.6	22	22.400000000000002	22.8	23.1999999999999	23.6	24	24.400000000000002	24.8	25.1999999999999	25.6	26	26.400000000000002	26.8	27.1999999999999	27.6	28	28.400000000000002	28.8	29.1999999999999	29.6	30	30.400000000000002	30.8	31.1999999999999	31.6	32	32.4	32.800000000000004	33.199999999999996	33.6	34	34.4	34.800000000000004	35.199999999999996	35.59999999999998	36	36.4	36.800000000000004	37.199999999999996	37.59999999999998	38	38.4	38.800000000000004	39.199999999999996	39.59999999999998	40	40.4	40.800000000000004	41.199999999999996	41.600000000000009	42	42.4	42.8	43.199999999999996	43.600000000000009	44	44.4	44.8	45.199999999999996	45.600000000000009	46	46.4	46.8	47.199999999999996	47.600000000000009	48	48.4	48.8	49.199999999999996	49.600000000000009	50	50.4	50.8	51.199999999999996	51.600000000000009	52	52.4	52.8	3.3L	4.8666666666666663	5.8	6.9333333333333513	6.6	6.9333333333333513	6.4666666666666694	5.4	5.666666666666667	14.133333333333333	34.666666666666522	124.6	392.13333333333338	638.3333333333336	1074.7333333333304	2548.1999999999998	5560	8389.6	8560.933333333327	4988.5333333333265	-3255.3333333333458	-11831.6	-17452.933333333316	-16936.333333333296	-9994.1333333333332	-2339.6	1899.4	3150.8666666666622	3382.6666666666583	3637.7333333333422	4004.1333333333428	4180.4000000000005	4129.2666666666846	3900.6	3382.8666666666622	2467.8666666666622	1189.5333333333299	-169.73333333333341	-1295.1333333333293	-1928.1333333333293	-2066.6	-1850.2666666666692	-1424	-870.2	-335.06666666666672	146.93333333333362	493.66666666666708	682.3333333333336	714.6	650.13333333333355	537.3333333333336	396.66666666666708	259.2	126.26666666666669	18.533333333333264	-65.400000000000006	-127.8	-172.33333333333363	-192.33333333333363	-177.33333333333363	-127.8	-64.266666666666666	0	51.866666666666475	96.466666666666697	135.93333333333362	164.06666666666658	176.6	163.53333333333347	135.46666666666658	94.8	56.066666666666514	19.13333333333328	-4.4000000000000004	-19.733333333333256	-26.533333333333264	-24	-15.2	-2.8666666666666667	14.4	38.066666666666514	65.400000000000006	88.4	97.86666666666666	93.6	75.733333333333249	53.2	25	0.73333333333333361	-17.266666666666666	-22.333333333333268	-14.533333333333333	2.1333333333333342	25.13333333333328	42.466666666666491	59.266666666666538	69.466666666666697	76.133333333333155	74.599999999999994	66.466666666666697	52.666666666666522	33.066666666666514	11.6	-1.2666666666666666	-6.1333333333333435	-3.1333333333333342	4.1333333333333435	18.066666666666666	31.266666666666666	40.200000000000003	48.733333333333363	51.066666666666514	50.4	46.266666666666538	40.800000000000004	33.666666666666522	26.333333333333268	19.13333333333328	14.2	10.266666666666676	11.466666666666692	14.466666666666692	17.933333333333255	23	28.6	35.066666666666514	42	50.2	52.2	50.266666666666538	45.066666666666514	37.333333333333336	29.8	22.6	18.13333333333328	19.533333333333264	21.066666666666666	25.8	29.13333333333328	31.666666666666668	34.4	32.866666666666475	-6.6	-3.4000000000000004	-2.9999999999999867	-2.5999999999999988	-2.2000000000000002	-1.8000000000000007	-1.4000000000000004	-0.99999999999999023	-0.60000000000000064	-0.20000000000000021	0.2	0.59999999999999953	1.0000000000000009	1.4000000000000008	1.8000000000000007	2.1999999999999997	2.5999999999999988	3	3.4	3.8	4.1999999999999975	4.5999999999999996	5	5.4	5.8	6.2	6.6	7	7.4	7.8	8.2000000000000011	8.6	9	9.4	9.8000000000000007	10.200000000000001	10.600000000000001	11	11.400000000000002	11.8	12.2	12.600000000000001	13	13.400000000000002	13.8	14.2	14.600000000000001	15	15.399999999999926	15.799999999999899	16.1999999999999	16.599999999999987	17	17.399999999999899	17.799999999999887	18.1999999999999	18.599999999999888	19	19.399999999999899	19.8	20.1999999999999	20.599999999999888	21	21.399999999999899	21.8	22.1999999999999	22.6	23	23.399999999999899	23.8	24.1999999999999	24.6	25	25.399999999999899	25.8	26.1999999999999	26.6	27	27.399999999999899	27.8	28.1999999999999	28.6	29	29.399999999999899	29.8	30.1999999999999	30.6	31	31.399999999999899	31.8	32.199999999999996	32.6	33	33.399999999999913	33.800000000000004	34.200000000000003	34.6	35	35.399999999999913	35.800000000000004	36.200000000000003	36.6	37	37.399999999999913	37.800000000000004	38.200000000000003	38.6	39	39.399999999999913	39.800000000000004	40.200000000000003	40.6	41	41.399999999999913	41.8	42.2	42.6	43	43.399999999999913	43.8	44.2	44.6	45	45.399999999999913	45.8	46.2	46.6	47	47.399999999999913	47.8	48.2	48.6	49	49.399999999999913	49.8	50.2	50.6	51	51.399999999999913	51.8	52.2	4.95L	4.7333333333333476	4.1333333333333435	5.666666666666667	5.6	6	5.4	5.2666666666666684	6.4666666666666694	15.666666666666686	46.533333333333331	171.8	468.26666666666671	654.79999999999995	872.4	1823.8	4111.4000000000005	6941.2	8649.533333333331	6993.2666666666846	420	-8185.8	-15998.133333333333	-18647.133333333288	-14105.933333333331	-5652.6666666666915	953.93333333333351	3414.2666666666582	3946	4157.2	4495.2666666666846	4787.9333333333216	4743.8666666666877	4327.2	3647.8	2697	1401.6	-39.4	-1337.7333333333304	-2122.0666666666602	-2330.9333333333439	-2062.6	-1511.3333333333294	-821.26666666666665	-209.13333333333341	275.2	569.4	686	659.3333333333336	538.73333333333483	376.66666666666708	220.73333333333341	113.4	42.266666666666538	2.2666666666666666	-22.733333333333256	-44.2	-62.866666666666475	-69.733333333333249	-65.86666666666666	-52.733333333333363	-33.266666666666538	-14.2	0.93333333333333335	11.066666666666688	21.333333333333268	39.733333333333363	66.066666666666663	95.066666666666663	112.1333333333332	114.8	98.4	69.733333333333249	41.6	20.266666666666666	8.8000000000000007	6.8	10.133333333333333	12.066666666666688	12.533333333333333	15.866666666666699	22.333333333333268	29.666666666666668	38.800000000000004	44.466666666666491	44	36.800000000000004	25.733333333333256	15.666666666666686	9.2666666666666728	6.4	7.9333333333333513	11.466666666666692	13.2	14.333333333333334	14.666666666666686	18	23	29.4	34.266666666666538	-4.0000000000000009	-3.6000000000000005	-3.1999999999999904	-2.8000000000000007	-2.3999999999999861	-1.9999999999999898	-1.6000000000000005	-1.1999999999999877	-0.79999999999999005	-0.39999999999999147	9.7699626167014675E-15	0.40000000000000968	0.80000000000001004	1.2000000000000008	1.6000000000000021	2	2.4	2.8	3.1999999999999997	3.5999999999999988	4	4.4000000000000004	4.8	5.1999999999999975	5.6	6	6.4	6.8	7.1999999999999975	7.6	7.9999999999999991	8.4000000000000021	8.8000000000000007	9.2000000000000011	9.6	10	10.400000000000002	10.8	11.2	11.600000000000001	12	12.400000000000002	12.8	13.2	13.600000000000001	14	14.400000000000002	14.8	15.2	15.600000000000001	16	16.399999999999999	16.8	17.2	17.599999999999987	18	18.400000000000002	18.8	19.2	19.600000000000001	20	20.400000000000002	20.8	21.2	21.6	22	22.400000000000002	22.8	23.2	23.6	24	24.400000000000002	24.8	25.2	25.6	26	26.400000000000002	26.8	27.2	27.6	28	28.400000000000002	28.8	29.2	29.6	30	30.400000000000002	30.8	31.2	31.6	32	32.4	32.800000000000004	33.20000000000001	33.6	34	34.4	34.800000000000004	35.20000000000001	35.600000000000009	36	36.4	36.800000000000004	37.20000000000001	37.600000000000009	38	38.4	38.800000000000004	39.20000000000001	39.600000000000009	40	40.4	40.800000000000004	41.20000000000001	41.600000000000009	42	42.4	42.8	43.20000000000001	43.600000000000009	44	44.4	44.8	45.20000000000001	45.600000000000009	46	46.4	46.8	47.20000000000001	47.600000000000009	48	48.4	48.8	49.20000000000001	49.600000000000009	50	50.4	50.8	51.20000000000001	51.600000000000009	52	b                           相对振幅 Relative amplitude





灌水前 Non-irrigation	7.4545454545454444	4.9090909090909092	3.7272727272727315	2.7272727272727315	7	8.7272727272726911	8.1818181818181461	10.727272727272693	18.090909090909086	49.272727272727273	188.72727272727272	747.27272727272805	1834	3730.5454545454572	6238.818181818182	7772.3636363636515	6212.1818181818244	1265.090909090909	-4756.818181818182	-11010.545454545454	-13722.545454545454	-11794.545454545454	-7479.272727272727	-2897.6363636363662	372.63636363636402	2320.818181818182	3308.090909090909	3573.2727272727275	3364.3636363636365	2994.6363636363662	2632.7272727272707	2285.090909090909	1840.3636363636358	1186.909090909091	457.1818181818183	-202.27272727272728	-652.09090909090799	-851	-776.1818181818179	-486.81818181818164	-104	183.27272727272728	304.81818181818164	238.18181818181819	86.272727272727025	-35.181818181818144	-76	-37.090909090909165	40.727272727272762	115.81818181818153	156.72727272727272	161.90909090909091	135.45454545454538	102.45454545454552	73	55.909090909090907	51.818181818181863	58.909090909090907	70.363636363636289	79.454545454545467	76.454545454545467	59.636363636363626	27.545454545454547	-9.3636363636363864	-39.727272727272762	-54.818181818181863	-54.818181818181863	-39.727272727272762	-20.181818181818233	3.2727272727272805	27.545454545454547	51.727272727272762	74.272727272727025	90.363636363636289	95.090909090909093	88.363636363636289	74.63636363636364	56.272727272727273	38.909090909090907	28	20.454545454545453	20.454545454545453	26.818181818181817	34.727272727272762	46.272727272727273	56.181818181818144	65.272727272727025	69.63636363636364	69.909090909090907	68.272727272727025	61.545454545454547	53.727272727272762	46.818181818181863	39.636363636363626	32.636363636363626	29.545454545454547	26.454545454545453	26.90909090909091	27.72727272727273	28.636363636363626	31.545454545454547	32.909090909090907	35.363636363636239	36.727272727272762	38.090909090909165	39.090909090909165	38.090909090909165	35.181818181818144	30.545454545454547	27.363636363636321	23.363636363636321	21.181818181818233	17.72727272727273	16.454545454545453	16.545454545454547	18.090909090909086	20.545454545454547	24.818181818181817	26	24.090909090909086	20.545454545454547	15.454545454545473	12.090909090909102	8.3636363636363864	7.7272727272727284	7.7272727272727284	9.5454545454545467	11.363636363636392	14.272727272727295	20.27272727272716	22.181818181818233	25.72727272727273	23.363636363636321	23.454545454545453	21.27272727272716	21.363636363636321	19.636363636363626	17.90909090909091	15.54545454545455	12.81818181818182	10.363636363636392	9.0909090909091006	8.5454545454545467	8.6363636363636349	10.909090909090922	11.454545454545473	11.727272727272693	12.090909090909102	13.363636363636392	16	17.27272727272716	19.363636363636321	18.72727272727273	18.27272727272716	16.363636363636321	13.272727272727295	11.909090909090922	-3.5	-3.0999999999999988	-2.7	-2.2999999999999998	-1.9000000000000021	-1.5	-1.099999999999997	-0.70000000000000062	-0.30000000000000032	0.10000000000000009	0.5	0.89999999999999991	1.3	1.7	2.0999999999999988	2.5	2.8999999999999853	3.3	3.7	4.0999999999999899	4.5	4.9000000000000004	5.3	5.7	6.1000000000000005	6.4999999999999902	6.9	7.3	7.7	8.1000000000000014	8.5	8.9	9.3000000000000007	9.7000000000000011	10.100000000000001	10.5	10.900000000000002	11.3	11.7	12.1	12.5	12.900000000000002	13.3	13.7	14.1	14.5	14.900000000000002	15.3	15.7	16.100000000000001	16.5	16.899999999999999	17.299999999999986	17.7	18.099999999999987	18.5	18.899999999999999	19.3	19.7	20.099999999999987	20.5	20.9	21.3	21.7	22.099999999999987	22.5	22.9	23.3	23.7	24.099999999999987	24.5	24.9	25.3	25.7	26.099999999999987	26.5	26.9	27.3	27.7	28.099999999999987	28.5	28.9	29.3	29.7	30.099999999999987	30.5	30.9	31.3	31.7	32.100000000000009	32.5	32.9	33.300000000000004	33.700000000000003	34.1	34.5	34.899999999999913	35.300000000000004	35.700000000000003	36.1	36.5	36.899999999999913	37.300000000000004	37.700000000000003	38.1	38.5	38.899999999999913	39.300000000000004	39.700000000000003	40.1	40.5	40.9	41.3	41.7	42.1	42.5	42.9	43.3	43.7	44.1	44.5	44.9	45.3	45.7	46.1	46.5	46.9	47.3	47.7	48.1	48.5	48.9	49.3	49.7	50.1	50.5	50.9	51.3	51.300000000000004	49.6	50	50.4	50.800000000000004	51.199999999999996	51.59999999999998	52	52.399999999999913	52.800000000000004	53.199999999999996	53.59999999999998	54	54.399999999999913	54.800000000000004	55.199999999999996	55.59999999999998	56	56.399999999999913	56.800000000000004	57.199999999999996	57.59999999999998	1.65L	12.5	13.571428571428571	13.714285714285714	11.714285714285714	12.071428571428571	12.857142857142884	11.714285714285714	13.428571428571399	24.857142857142829	62.642857142857153	238.71428571428532	679	1342.5714285714246	2853.4285714285697	5669.1428571428569	8857.3571428571431	9012.0714285714348	4842.1428571428569	-2597.5714285714357	-11351.642857142897	-16783	-16435.857142857116	-10767.142857142897	-3672.4285714285697	617.85714285714289	2225.8571428571513	2577	2805.3571428571513	3189	3600	3934.7857142857142	4081.7857142857142	3848.6428571428537	3096.7142857142803	1882.3571428571402	496.5	-638.28571428571433	-1336.6428571428571	-1621.0714285714246	-1578.714285714286	-1291.9285714285757	-880.9285714285727	-412	-7.1428571428571425E-2	310	455.28571428571399	476.92857142857014	443.57142857142856	396.07142857142856	344.57142857142856	288.92857142857014	219.07142857142861	119.35714285714285	3.0714285714285707	-105.14285714285698	-179.92857142857142	-210.42857142857142	-194.5	-149.57142857142861	-83.428571428571388	-18.357142857142829	47.071428571428484	100.42857142857135	141.5	158.57142857142861	151.57142857142861	124.14285714285698	80.857142857142819	41.928571428571516	15.571428571428571	6.5714285714285712	11.642857142857141	18.714285714285758	21.78571428571421	22.642857142857178	20.357142857142829	22.642857142857178	29.642857142857178	37.142857142857153	43.285714285714285	47.714285714285715	47.642857142857153	47.214285714285715	48.5	51.142857142857153	47.857142857142755	39.571428571428484	25.071428571428573	9.3571428571428807	-3.7857142857142856	-7.3571428571428461	-2.6428571428571432	10.357142857142884	25.357142857142829	34.5	34.214285714285715	30.428571428571427	24.214285714285758	16.642857142857178	11.214285714285714	4.9285714285714288	1.7142857142857164	3.7142857142857144	10.642857142857141	21.142857142857178	32.785714285714285	41.857142857142755	46.714285714285715	45.571428571428484	40.357142857142755	34.642857142857153	31.28571428571421	32.071428571428484	32	34.714285714285715	36.5	39.785714285714285	43	46.428571428571516	49.285714285714285	49.857142857142755	47.214285714285715	45.142857142857153	44.142857142857153	45.357142857142755	48.214285714285715	50.5	50.785714285714285	49.428571428571516	48.642857142857153	47.428571428571516	47.928571428571516	49.071428571428484	49.642857142857153	51.142857142857153	51.714285714285715	50.785714285714285	51.642857142857153	-3.6959999999999997	-3.2960000000000003	-2.8959999999999977	-2.4959999999999987	-2.0959999999999988	-1.6959999999999975	-1.2959999999999969	-0.89599999999999991	-0.49600000000000055	-9.6000000000000127E-2	0.30400000000000038	0.70400000000000063	1.1040000000000001	1.504	1.9039999999999966	2.3039999999999989	2.7039999999999944	3.1040000000000001	3.5039999999999898	3.9039999999999901	4.3039999999999985	4.7040000000000006	5.1039999999999965	5.5039999999999907	5.9039999999999999	6.3039999999999896	6.7039999999999997	7.1039999999999965	7.5039999999999898	7.9039999999999999	8.304000000000002	8.7040000000000006	9.104000000000001	9.5040000000000013	9.9040000000000035	10.304	10.704000000000001	11.104000000000001	11.504000000000001	11.904	12.304	12.703999999999899	13.104000000000001	13.504	13.904	14.304	14.703999999999899	15.104000000000001	15.504	15.904	16.30400000000003	16.703999999999887	17.103999999999999	17.503999999999987	17.903999999999886	18.30400000000003	18.703999999999887	19.104000000000031	19.504000000000001	19.903999999999886	20.30400000000003	20.703999999999887	21.104000000000031	21.504000000000001	21.904	22.30400000000003	22.703999999999887	23.104000000000031	23.504000000000001	23.904	24.30400000000003	24.703999999999887	25.104000000000031	25.504000000000001	25.904	26.30400000000003	26.703999999999887	27.104000000000031	27.504000000000001	27.904	28.30400000000003	28.704000000000001	29.104000000000031	29.504000000000001	29.904	30.30400000000003	30.704000000000001	31.104000000000031	31.504000000000001	31.904	32.304000000000002	32.704000000000001	33.104000000000006	33.504000000000005	33.904000000000003	34.304000000000002	34.704000000000001	35.104000000000006	35.504000000000005	35.904000000000003	36.304000000000002	36.704000000000001	37.104000000000006	37.504000000000005	37.904000000000003	38.304000000000002	38.704000000000001	39.104000000000006	39.504000000000005	39.904000000000003	40.304000000000002	40.704000000000001	41.104000000000006	41.504000000000005	41.904000000000003	42.304000000000002	42.704000000000001	43.104000000000006	43.504000000000005	43.904000000000003	44.304000000000002	44.704000000000001	45.104000000000006	45.504000000000005	45.904000000000003	46.304000000000002	46.704000000000001	47.104000000000006	47.504000000000005	47.904000000000003	48.304000000000002	48.704000000000001	49.104000000000006	49.504000000000005	49.904000000000003	50.304000000000002	50.704000000000001	51.104000000000006	3.3L	5.1428571428571415	4.9285714285714288	5.1428571428571415	6.2857142857142874	6.5714285714285712	6.7857142857142874	5.9285714285714288	7.6428571428571415	12.214285714285714	36.285714285714285	135.42857142857142	394.14285714285774	643	1120.1428571428571	2649.5714285714357	5688.9285714285734	8478	8593.2142857143044	4665.5714285714384	-3397.3571428571513	-12038.357142857143	-17643.857142857116	-16955.071428571417	-9929	-2497.5714285714357	1704.5714285714246	3023.7857142857142	3393.0714285714357	3795.0714285714357	4268	4477	4396.0714285714384	4089.2142857142803	3454.6428571428537	2426.8571428571513	1054.7857142857151	-333.85714285714283	-1451.9285714285757	-2052.3571428571513	-2149.4285714285697	-1877.714285714286	-1383.4285714285757	-746.85714285714289	-173.07142857142861	305.28571428571399	608.28571428571433	729.14285714285711	700.78571428571433	593.9285714285727	465.64285714285774	334.57142857142856	222.57142857142861	120.07142857142843	28.928571428571427	-55.5	-119.64285714285698	-151	-141.5	-104.35714285714285	-49.071428571428484	4.2857142857142874	46.714285714285715	72.357142857142819	87.571428571428399	96.357142857142819	100.78571428571429	100.35714285714285	89.714285714285722	73.642857142856883	50.928571428571516	28.142857142857178	11.857142857142884	5.3571428571428461	7.1428571428571415	10.571428571428571	16.928571428571427	22.357142857142829	31.642857142857178	41.071428571428484	49.857142857142755	55	53.285714285714285	46.357142857142755	34.928571428571516	20.928571428571427	11.857142857142884	7.8571428571428461	9.7857142857142865	16.928571428571427	25.928571428571427	34.642857142857153	43.785714285714285	51.142857142857153	53.928571428571516	52.785714285714285	47.071428571428484	37.285714285714285	23.28571428571421	9.1428571428571228	-0.9285714285714286	-5.0714285714285712	-2.5	5.5714285714285712	18.357142857142829	32.5	42.642857142857153	49.071428571428484	50.928571428571516	46.642857142857153	40.071428571428484	30.571428571428573	20.142857142857178	12.714285714285714	8.5	7.2857142857142874	8.7142857142857135	13.142857142857141	18.357142857142829	25.142857142857178	32.428571428571516	38.214285714285715	40.428571428571516	41.428571428571516	38.357142857142755	34	30.571428571428573	27.428571428571427	25.28571428571421	25	24.571428571428573	28.28571428571421	31.214285714285758	35.714285714285715	38.5	42.071428571428484	42.357142857142755	41.428571428571516	-4.0999999999999996	-3.7	-3.3	-2.8999999999999977	-2.5	-2.1000000000000005	-1.7000000000000002	-1.2999999999999969	-0.89999999999999991	-0.5	-0.10000000000000009	0.30000000000000032	0.70000000000000062	1.1000000000000001	1.5	1.8999999999999966	2.2999999999999989	2.69999999999999	3.0999999999999877	3.4999999999999867	3.8999999999999857	4.2999999999999901	4.7	5.0999999999999996	5.4999999999999902	5.9	6.2999999999999901	6.7	7.1000000000000005	7.4999999999999902	7.9	8.3000000000000025	8.7000000000000011	9.1000000000000014	9.5000000000000018	9.9000000000000021	10.3	10.7	11.1	11.5	11.900000000000002	12.3	12.7	13.1	13.5	13.900000000000002	14.3	14.7	15.1	15.5	15.900000000000002	16.299999999999986	16.7	17.100000000000001	17.5	17.899999999999999	18.299999999999986	18.7	19.100000000000001	19.5	19.900000000000002	20.3	20.7	21.1	21.5	21.900000000000002	22.3	22.7	23.1	23.5	23.900000000000002	24.3	24.7	25.1	25.5	25.900000000000002	26.3	26.7	27.1	27.5	27.900000000000002	28.3	28.7	29.1	29.5	29.900000000000002	30.3	30.7	31.1	31.5	31.900000000000002	32.300000000000004	32.700000000000003	33.1	33.5	33.900000000000006	34.300000000000004	34.70000000000001	35.100000000000009	35.5	35.9	36.300000000000004	36.70000000000001	37.100000000000009	37.5	37.9	38.300000000000004	38.70000000000001	39.100000000000009	39.5	39.9	40.300000000000004	40.70000000000001	41.100000000000009	41.5	41.9	42.3	42.70000000000001	43.100000000000009	43.5	43.9	44.3	44.70000000000001	45.100000000000009	45.5	45.9	46.3	46.70000000000001	47.100000000000009	47.5	47.9	48.3	48.70000000000001	49.100000000000009	49.5	49.9	50.3	4.95L	6.2142857142857055	4.7857142857142874	5	5.7142857142857055	6.6428571428571415	6.3571428571428461	7.3571428571428461	7.1428571428571415	17.857142857142829	46.642857142857153	164.71428571428532	439.14285714285774	614.85714285714289	837.9285714285727	1782.714285714286	4091.4285714285697	6958.7857142857147	8673.428571428567	7033	611	-8013.7857142857147	-15854.785714285705	-18674.571428571417	-14382.357142857143	-6178.1428571428569	692.35714285714289	3387	4035.2857142857142	4255.9285714285734	4591.3571428571431	4873.4285714285734	4796.3571428571431	4346.5	3634.5	2672.3571428571513	1386.7857142857151	-34.214285714285715	-1296.1428571428571	-2072.7857142857142	-2280.5	-2028.1428571428571	-1498	-808.85714285714289	-193.57142857142861	309.21428571428567	629.57142857142856	775.21428571428567	768.07142857142856	654.57142857142856	484.85714285714283	284.35714285714283	111	-28.071428571428573	-122.64285714285698	-173.28571428571428	-181.28571428571428	-159.14285714285685	-111.92857142857135	-57	-7.5	28	45.714285714285715	48.714285714285715	38	26.5	20.571428571428573	26.714285714285758	43.142857142857153	57.142857142857153	63.5	60.571428571428484	46.214285714285715	28.571428571428573	12.928571428571399	6.7142857142857055	12.142857142857141	21.28571428571421	31.214285714285758	39.928571428571516	43.428571428571516	42.142857142857153	40.5	38.928571428571516	39.071428571428484	36.928571428571516	29.357142857142829	15.642857142857141	-0.28571428571428648	-9.7857142857142865	-11.5	-3.8571428571428572	11	27.642857142857178	39.642857142857153	45.714285714285715	43	39.428571428571516	35.928571428571516	35.071428571428484	34.285714285714285	32.5	27.642857142857178	21.142857142857178	16.071428571428573	12.785714285714286	15.785714285714286	23.642857142857178	32.785714285714285	43	54.5	62.928571428571516	68.428571428571388	69.142857142856883	66.285714285714292	59.928571428571516	50	40.285714285714285	29.5	22	19.142857142857178	22.28571428571421	28.142857142857178	33.571428571428484	39.928571428571516	48.428571428571516	53.357142857142755	57.285714285714285	57.428571428571516	54.142857142857153	46.428571428571516	34.642857142857153	25	19.071428571428573	15.785714285714286	20.357142857142829	25.142857142857178	29.28571428571421	32	34.571428571428484	35	35.714285714285715	34.857142857142755	31.714285714285758	27.357142857142829	20.28571428571421	14.428571428571399	9	8.2857142857142865	10.857142857142884	14.714285714285714	18.714285714285758	21.928571428571427	24.142857142857178	24.714285714285758	23.428571428571427	20.928571428571427	18.571428571428573	14.571428571428571	11.857142857142884	-4.3	-3.8999999999999977	-3.5	-3.0999999999999988	-2.7	-2.2999999999999998	-1.9000000000000021	-1.5	-1.1000000000000001	-0.69999999999999973	-0.30000000000000032	0.10000000000000009	0.5	0.89999999999999991	1.3	1.6999999999999975	2.0999999999999988	2.4999999999999987	2.9	3.2999999999999901	3.7	4.0999999999999996	4.4999999999999902	4.9000000000000004	5.3000000000000007	5.7	6.1000000000000005	6.4999999999999902	6.9	7.3	7.7	8.1000000000000014	8.5000000000000018	8.9	9.3000000000000007	9.7000000000000011	10.100000000000001	10.500000000000002	10.9	11.3	11.7	12.1	12.5	12.9	13.3	13.7	14.1	14.5	14.9	15.3	15.7	16.100000000000001	16.5	16.899999999999999	17.3	17.6999999999999	18.100000000000001	18.5	18.899999999999999	19.3	19.6999999999999	20.100000000000001	20.5	20.9	21.3	21.7	22.1	22.5	22.9	23.3	23.7	24.1	24.5	24.9	25.3	25.7	26.1	26.5	26.9	27.3	27.7	28.1	28.5	28.9	29.3	29.7	30.1	30.5	30.9	31.3	31.7	32.1	32.5	32.9	33.300000000000004	33.700000000000003	34.1	34.5	34.9	35.300000000000004	35.700000000000003	36.1	36.5	36.9	37.300000000000004	37.700000000000003	38.1	38.5	38.9	39.300000000000004	39.700000000000003	40.1	40.5	40.9	41.3	41.7	42.1	42.5	42.9	43.3	43.7	44.1	44.5	44.9	45.3	45.7	46.1	46.5	46.9	47.3	47.7	48.1	48.5	48.9	49.3	49.7	50.1	50.5	50.9	51.3	51.7	52.1	52.5	52.9	53.3	53.7	54.1	54.5	54.9	55.3	55.7	56.1	56.5	56.9	57.3	57.7	58.1	58.5	58.9	59.3	c                         相对振幅 Relative amplitude




y = 3.87x2 - 24.477x + 37.995
R² = 0.1185
2.3002777777777812	2.3256249999999987	2.2499999999999991	2.2002777777777869	2.1511111111111116	2.4544444444444427	2.2499999999999991	2.1511111111111116	0	1.6500000000000001	3.3	4.95	0	1.6500000000000001	3.3	4.95	介电常数ε  Dielectric constant

累积入渗量
 Cumulative infiltration (L)


y = -6E-07x2 + 0.0061x - 10.233
R² = 0.9617
y = 0.0025x - 5.073
R² = 0.9496
2300	2376.67	3211.3300000000008	4059.3300000000008	2086	2528	3219.67	3917.3300000000008	0	1.6500000000000001	3.3	4.95	0	1.6500000000000001	3.3	4.95	a               相对振幅 Relative amplitude 

累积入渗量 
Cumulative infiltration（L）


y = 3E-07x2 + 0.0099x + 71.548
R² = 0.943
y = -0.0007x - 10.15
R² = 0.7767
-13183.33	-17291.669999999976	-17960.330000000002	-18818.330000000002	-13168.67	-17820	-17834	-18707.330000000002	0	1.6500000000000001	3.3	4.95	0	1.6500000000000001	3.3	4.95	b                 相对振幅 Relative amplitude



y = 2E-06x2 + 0.0038x + 1.4933
R² = 0.925
y = -0.0035x - 3.701
R² = 0.8732
-847.32999999999947	-1734	-2210	-2216.3300000000022	-1188.6699999999998	-1566.6699999999998	-2082.67	-2224.3300000000022	0	1.6500000000000001	3.3	4.95	0	1.6500000000000001	3.3	4.95	c             相对振幅 Relative amplitude
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