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摘要　采用调查表与噪声测量同步进行的方法研究人们对城市高架桥路交通噪声的主观反应,分析了主观烦恼

度、睡眠干扰率随等效声级变化的规律,指出不同人群主观烦恼反应、睡眠干扰反应的差异, 高架桥路建设前后及

非高架桥路主观反应的差异.

关键词　交通噪声,高架桥路,主观反应,主观烦恼度,睡眠干扰.

是高架高于非高架桥路,这表明人们对高架桥

路交通噪声反应更强烈. 收稿日期: 1996-12-23

　　高架桥与高架路(以下合称高架桥路)交通

噪声多数高于地面道路交通噪声.为了较好地

了解人们对高架桥路交通噪声的主观反应,分

析高架桥路交通噪声对人们的影响, 1994年和

1995年针对居住和工作在青岛市高架与非高架

桥路两侧临街建筑物内的人群,分发表格进行

主观反应调查,同时进行噪声测量.通过计算机

对调查资料与声级测量结果进行分析, 得到主

观反应与交通噪声的相关关系,较好地反映了

高架桥路交通噪声对人们影响的一些特点,为

高架桥路的规划建设防噪对策提供了人群主观

反应的依据.

1　调查与分析方法

1. 1　噪声测量方法

为研究高架桥路交通噪声的主观反应,在

测量高架桥路交通噪声的同时,对同一道路的

非高架路段也选点测量.噪声测量点多数选在

被调查者临街居住或工作的各层楼室外1m

处,高架与非高架桥路测点数之比为3�1,共
86个测点, 其中2/ 3的测点分白天, 早晚和夜

间3个时段测量, 1/ 3的测点为昼夜24h 连续测

量.仪器为符合测试规范的噪声自动监测仪器,

评价量为等效A 声级.

1. 2　主观反应调查方法

主观反应调查对象为测点同一侧的卧室、

办公室内的人群,每个测点平均调查约35人.调

查表格内容,其一为被调查者的基本情况,其二

为被调查者对噪声的主观反应,调查方式为通

过街道办事处和居委会向被调查者发放表格,

讲明填表方法,不作任何暗示,被调查者亲自填

写.

1. 3　调查与测量数据处理方法

用回归分析方法, 将调查所得各项数据和

测得声级数据进行分档,由计算机计算出两者

各相应等级的相关性与百分率.

2　主观反应调查统计结果

发放调查表数与实际收回完整有效表格数

见表1, 收回合格表格的被调查人群的概况如表

2所示.

由表1可以看出,两次调查表的收回率均

表1　调查表发放与收回情况

时间

/ a

总　表　格
发放/份　收回/份　收回率/ %

高　架　桥　路
发放/份　收回/份　收回率/ %

非高 架 桥路
发放/份　收回/份　收回率/ %

1994 3000 1986 66. 2 2250 1518 67. 3 750 470 62. 6

1995 1000 706 70. 6 750 560 74. 6 250 157 62. 7



表2　被调查人群基本概况

被调查

人　群

性　　别
男　　女

年　　龄
老　　中　　青

职业性质
脑　　体

健康状况
健　　病

居　住　楼　层
1—2　　3—4　　≥5

居　住　时　间/ a
1—2　　3—4　　≥5

人　数 1035 681 856 935 195 661 1325 1731 255 693 579 714 124 315 1547

百分率 65. 7 34. 3 43. 1 47. 1 9. 8 33. 3 66. 7 87. 2 12. 8 34. 9 29. 2 35. 9 6. 2 15. 9 77. 9

3　主观烦恼度分析

主观烦恼度的分级,按7个等级列表调查.

考虑到目前我国城市人群的居住和办公条件普

遍处于较低水平, 再按4个等级归纳分类,即Ⅰ

不烦恼(含根本不烦恼, 不烦, 无所谓)、Ⅱ略有

烦恼,Ⅲ烦恼, Ⅳ很烦恼(含相当烦恼和烦得不

可忍受) ,并将Ⅲ、Ⅳ定为高烦恼度加以分析.

图1　白天烦恼反应随声级变化关系

( a)高架桥路　( b )非高架桥路

3. 1　烦恼度与交通噪声的关系

高架桥路与非高架桥路的白天烦恼反应随

等效声级变化关系见图1.由图1可知,高架桥路

与非高架桥路的不同等级烦恼反应随等效声级

的变化曲线是近似的,与国内外调查一般城市

道路交通噪声所得结果基本相似[ 1] , 随着声级

的升高,低烦恼级人群的百分比由高逐渐降低,

高烦恼级人群的百分比逐渐升高,但因个体反

应的差异,即使在较低声级,仍有少数人感到很

烦恼; 同样, 在较高声级时, 也有个别人不感到

烦恼.图1表明, 白天 L eq≤60dB( A )时,高烦恼

率处于低水平.

3. 2　不同人群的高烦恼度

表3列出了不同人群白天高烦恼率与等效

A 声级的关系;白天高架路与非高架桥路临街

楼不同楼层人群的高烦恼率曲线如图2所示.

表3　白天不同人群的高烦恼率随等效声级的变化/ %

等效声级
/ dB( A)

50 53 56 59 62 65 68 71 74 77 80

性
别

男 19 35 39 48 57 55 64 58 70 71 75

女 22 32 39 48 56 55 60 61 60 72 73

年
　
龄

老 27 25 28 50 58 70 65 66 71 74 75

中 24 26 24 48 60 66 68 62 70 73 74

青 17 20 22 30 44 42 52 58 64 66 67

职性

业质

脑 20 20 24 43 58 56 66 65 71 76 73

体 19 24 19 35 37 52 60 57 64 69 68

健状

康况

健 17 20 18 45 43 52 54 56 65 62 63

病 35 30 31 66 65 64 72 70 78 76 75

图2　白天烦恼反应的临街不同楼层变化关系

1.高架桥路　2.非高架桥路

　　表3表明,高架桥路两侧的不同人群随着交

通噪声声级的升高,其高烦恼率均是增加趋势,

但在相同声级条件下, 不同人群间则有差异,其

中性别不同对烦恼度反应无明显差异, 男女性

别在各个声级值上的高烦恼率基本接近, 平均

相差0. 9% ;不同年龄的人群中, 中老年人的高

烦恼率比较接近, 平均相差1. 3%; 而青年人的

高烦恼率则低于中老年人, 平均低10. 8% ,脑力

劳 动 者 高 烦 恼 率 高 于 体 力 劳 动 者,

平均高出6. 2% ;病人的高烦恼率高于健康人,
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平均高出15. 2% .可见中老年人比青年人对交

通噪声易感到烦恼,脑力劳动者、病人更需要安

静的环境.

由图2可知,高架桥路两侧居民楼内人群的

高烦恼率在低层低于非高架路的两侧楼内者,

而中、高层高于非高架桥路者,这与高架桥路噪

声源的抬高及构成复合声场相一致[ 3] .

4　睡眠干扰反应

睡眠干扰反应的调查按无影响、有时有影

响、经常有影响、有时被吵醒或较难入睡及经常

被吵醒或极难入睡5个等级分档, 将后3种归为

高干扰率,与等效声级相关联作分析.夜间睡眠

高干扰率与噪声级的关系示于图3.不同人群夜

间睡眠高干扰率与高架桥路两侧临街等效声级

关系见表4.高架桥路建设前后及非高架路的两

侧临街不同楼层人群夜间高睡眠干扰率如图4

所示.

图3　夜间睡眠高干扰反应随声级变化关系

表4　夜间不同人群睡眠高干扰随等效声级的变化/ %

等效声级

/ dB( A)
44 47 50 53 56 59 62 65 68 71 74

性
别

男 27 31 30 50 60 64 75 74 76 75 76

女 25 36 34 52 56 60 72 75 70 74 79

年
　
龄

老 30 38 42 58 69 67 70 68 75 78 70

中 32 33 38 55 68 69 72 71 70 73 75

青 27 24 28 34 50 56 54 57 62 64 68

职性

业质

脑 38 25 44 58 62 72 71 73 78 81 76

体 34 20 40 48 64 68 67 70 72 74 75

健状

康况

健 18 25 35 46 42 44 56 70 72 71 74

病 32 34 40 56 62 64 76 80 87 78 77

　　由表4和图3可知, 与烦恼反应类似,各人群

的睡眠高干扰反应随着高架桥路交通噪声声级

的升高, 均呈增加趋势, 但在相同声级条件下,

图4　夜间睡眠高干扰反应的临街不同楼层变化关系

1.非高架桥路　2.高架桥路(建成前)

　　　3.高架桥路(建成后)

不同人群的睡眠干扰率也有一定差异. 中老年

人之间较近似,平均相差0. 8%, 中老年人比青

年人高,平均高13. 2% ;脑力劳动者高于体力劳

动者, 平均高4. 2%; 病人高于健康者, 平均高

12. 1% ;而男女性别之间差别很小,平均差值为

0. 5%. 这说明中老年人、脑力劳动者与病人更

需要安静的睡眠环境. 一般地, 夜间 L eq≤50dB

( A)时,睡眠高干扰率处于低水平.

居住在临街低层的人普遍感到睡眠干扰建

桥前高于建桥后, 而中高层的人们感到建桥后

睡眠干扰程度比建桥前增高了.由图4可知,建

桥前与非高架桥路的高睡眠干扰变化曲线近

似,但非高架桥路比建桥前的高睡眠干扰曲线

略有增高,这是建桥后道路畅通车流量增加、车

速加大而使同一条路的非高架桥路的噪声级升

高所致. 建桥后低层楼睡眠高干扰率低的原因

是建桥后地面车流量有所减少.

5　不同人群主观反应的声级阈值差

对同一声级值的不同人群有不同主观反

应,其原因在于不同人群之间主观反应的声级

阈值不同,不同人群主观反应差异对应的等效

声级阈值差列于表5.

由表5可知, 在男女性别之间主观反应的声

级阈值差较小,青年人与中老年人之间、脑体劳

动者之间、健康与非健康者之间在调查的主观

反应上均有明显差异.但在思考干扰和语言干

扰反应上,脑体劳动者之间声级阈值差为负值,

表明脑力劳动者在噪声环境中思考交谈的抗干

扰能力比体力劳动者强.
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表5　不同人群主观反应差异对应的声级阈值差

反应类型 　 男-女 青年-中老年 脑力-体力 健康-非健康

烦恼度/昼
阈值差/ dB( A) 0. 3 4. 2 1. 8 4. 6

高干扰率/ % 0. 9 10. 8 6. 2 6. 5

睡眠干扰/夜
阈值差/ dB( A) 0. 7 6. 3 2. 2 6. 5

高干扰率/ % 0. 5 13. 2 4. 9 12. 1

思考干扰/昼
阈值差/ dB( A) 0. 4 1. 2 - 1. 0　 1. 5

高干扰率/ % 0. 2 6. 6 9. 8　 7. 9

语言干扰/昼
阈值差/ dB( A) 0. 6 2. 1 - 0. 8　 3. 5

高干扰率/ % 1. 2 9. 7 8. 8　 15. 8

6　小　结

( 1)现场调查与声级测量的研究结果表明,

对交通噪声的所有主观反应, 高反应率均随交

通噪声的增大而增高, 但由于个体的差异, 少数

人的反应不遵循这一规律.

( 2)高架桥路建成后,人群的主观高反应率

普遍升高了,这为城市高架桥路和临街建筑的

规划设计提供了依据. 比如,不在高架桥路附近

建高层建筑或高架桥路尽量避开临近高层建筑

群.若不可避免时,应加大防噪措施.

( 3)不同人群对高架桥路噪声主观反应百

分率的差异大小与其主观反应声级阈值差的大

小相一致.

( 4)高架桥路两侧噪声等效声级昼间≤

60dB( A) ,夜间≤50dB( A)时, 不同人群主观高

反应率均处于低水平,这对高架桥路而言是不

易达到的环境噪声水平.
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(上接第40页) 表2　卡那霉素废水厌氧处理实验

操作负荷/ kg�d- 1�m- 3 10 20 30 30 40

进料 COD浓度/ mg�L- 1 12002) 32002) 50002) 5000+ 20001) 5000+ 20001)

出料 COD浓度/ mg�L- 1 500 1120 2670 1100 2000

COD去除率/ % 71. 0 65. 3 46. 6 84. 3 71. 0

出料 NH3-N/ mg�L- 1 400 720 401 521

COD降解速率/ kg�d - 1�m- 3 7. 1 9. 8 9. 6 23. 4 34. 0

　　1)进料 COD浓度中5000mg/ L 来自卡那霉素废水, 2000mg/ L 来自啤酒废水　2)由卡那霉素废水加水配制而成

3　结论

( 1)填充床酸化反应器启动方便,酸化速率

高,容积负荷大, 具有较强的抗水力冲击和抗

pH 波动的能力,优于 CST R 和 UASB 酸化反

应器.

( 2)以填充床酸化反应器与 UA SB 甲烷化

反应器组成的二相厌氧消化系统,采用预调碱

工艺,运行正常.

( 3)经合理设计和控制的二相消化系统可

有效地处理啤酒废水和金霉素废水. 在40kg/

( d�m3 )负荷条件下处理啤酒废水, 排放水 COD

浓度可控制在200mg / L 以下,对卡那霉素废水

有一定的处理效果.
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leached for ten years are more than 7, ex cept
the brow n earth w hich become acid under pH
2 in the fourth year. T he total losses of the
leached base ions are: Af ter ten years leach-
ing , l ime concr et ion black soil > salt-af fected
so il> chao soil> brow n earth. The sensit iv ity
of base ions to acid r ain are : Ca

2+
> Mg

2+
>

K
+
、Na

+
. The simulated acid rain has act iva-

tion to the aluminium in the soils. T here is no
act ive aluminium in the four typyes of soils
except the brown earth w hich the act ive alu-
minium appears in pH2. It has obvious im-
provement ef fect to apply lime to the acid
brow n carth.
Key words : simulated acid rain, simulated
ear th volume test , phy sical and chemical
pr opert ies o f soil , act ive alum inium.
A Study on the Treatment of Black Liquor
from Bamboo Pulping Process with Sequenc-
ing Batch Reactor Biological Technique. Yan
Shanghua, Chen M in et al. ( Guangdong Uni-
versity o f T echnology , Guangzhou 510090) :
Chin. J . Environ. Sci . , 18( 3) , 1997, pp. 30_ 33
In this paper, the t reatment of bamboo pulping
black liquor in w hich lignin has been separated
by acid w ith sequencing batch reactor ( SBR)
w as invest ig ated. The experimental results
show ed that BOD 5 and COD in black liquor is
reduced remarkably w ith the t reatment of
SBR, BOD 5 removal rate is 70%—83%, COD
removal rate is 54. 5%—63% , the eff luent
BOD 5 and COD af ter the t reatment are 76—
101 mg/ L and 419—500mg / L respectively
w hen inf luent COD is 1090—1170mg/ L . The
technology of combining internal decomposi-
tion w ith SBR is more eff icient for t reatment
of black liquor , BOD 5 and COD removal rate
are 67%—68% and 71. 4%—76. 9% respec-
tiv ely , the ef fluent BOD5 and COD from this
sy stem are 33—48mg / L and 242—315mg / L
respect iv ely w hen inf luent COD is 1046—
1100mg / L . It is in keeping w ith GB8978-88
eff luent standard. The internal decomposit ion
remarkably increase the effect iveness o f fo l-
low-up SBR treatment . In addit ion, the kine
t ics of f irst order degradat ion r eact ion o f COD
was studied. T he kinet ic constant and un-
degradable COD had been calculated. Simulat-
ed data tally w ith experimental data w ell .
Key words : SBR, biolo gical technique, inter -
nal decomposition, bamboo pulp, black liquor,
bio logical degr adat ion, sequencing batch r eac-
to r.
Study on the Formula of Expansion Character-
istic of Three-phase Biological Fluidized Bed.
Pan T ao, Wu Yangshan, Wang Shaotang
( Beijing M unicipal Research A cademy of En-
vironmental Protect ion, Beijing 100037 ) :
Chin. J . Environ. Sci . , 18( 3) , 1997, pp. 34_ 37

T he formula of expansion char acterist ic in the
thr ee-phase biolog ical f luidized bed has been
founded in this study. When the empty-bed
velocity of liquid and gas as w ell as the thick-
ness of bio-f ilm are known, the high of bed ex-
pansion is determ ined rather precisely , w hich
provided basis for design. It is unusual that
the expand r uler in both the tw o-phase bed
and thr ee-phase f luidized bed are reflected by
using one equivalent function; the relationship
of the dynam ic in bio chem ical react ion and be-
hav io r of hydomechanics has been set up by
the thickness of bio-film . T he behavior of
shrink in bed under the low velo city of gas can
be reflected by this formula , and the formula
in three-phase bed can be r estored to one in
tw o -phase bed when the velo city o f gas is ze-
ro. T he tested bed is 1. 4m o f diameter and
6. 5m o f high, in w hich the diameter of m idia
made of quartz sand is 0. 3—0. 5mm , using air
jet for aer at ion inside the r eacto r. The test is
w ithin the bio-film thickness of 52, 80, 115,
137m, respect ively. T he BOD 5 concentrat ion
in the sew age tested are 47. 6-77. 2mg/ L .
Key words: three-phase biolog ical fluidized
bed, r ate of expansion, fo rmula based on ex-
perimental data, equivalent function, thickness
of bio-f ilm, method for design, wastew ater
t reatment .
Study on the Operation Characters of a
Modif ed Two-Phase Anaerobic Digestion Sys-
tem. Guo Yanghao, M en Chun, Shi Xianai et
al. ( Dept . of Biotechnolog y, Fuzhou U niv ersi-
ty, Fuzhou 350002) : Chin. J . Environ. Sci. , 18
( 3) , 1997, pp. 38_ 40
In this w or k the operat ion characters o f the
tw o-phase anaer obic dig estion system incorpo-
rated by a packed bed acidif icat ion reactor and
an UASB methanor ization reactor w ere stud-
ied. T he packed bed acidif icat ion reactor start-
ed up easily and possesed of a high acidif ica-
t ion rate and a good resistence against hy-
draulic impulsion and pH fluctuat ion. The
COD volume charg e w as higher than 200 kg /
( m

3 �d ) . Adopt ing a preadjusting alkality
technology , the tw o-phase sy stem could oper-
ate normally and effect ively for t reat ing brew-
ing w astew ater. Under the condit ions of COD
concentrat ion 1000—7000 mg / L in the feed
and COD char ge 40 kg / ( m

3�d) , the COD con-
centrat ion w as less than 200 mg / L in the ef-
fluent . T he sy stem possesed also a rather
good capacity for t reat ing ant ibio t ics w astew a-
ter .
Key words : packed bed acidif icat ion reactor ,
tw o-phase anaer obic dig est ion system, brew-
ing w astew ater of high concentrat ion.
An Investigation of the Subj ective Response to
the Traf fic Noise of an Elevated Highway or
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Viaduct. Chen Zim ing ( Department of
physics, Ocean University o f Qingdao ) , L iu
Weim ing et al . ( Environmental M onitor ing
Centre, Qingdao ) : Chin. J . Env iron. Sci . , 18
( 3) , 1997, pp. 41_ 44
The popular r esponse to the t raf fic noise of
elavated highw ay o r v iaduct in the Qingdao
City w as invest ig ated using simultaneous do-
ing method o f quest ionaires and noise mea-
surements. The variat ions of subject iv e an-
noyance value and sleep interference rate w ith
the effect ive noise level w as analy sed. The
dif ference in the subject iv e annoyance values
and sleep interference rates of populat ion of
dif ferent groups w as pointed out and the dif-
ference in their subjective response before and
after the const ruction of an elevated highw ay
or viaduct .
Key words: t raff ic noise, elevated highw ay or
viaduct , subject ive response, subject ive an-
noyance value, sleep interference.
Reformed Methane by Carbon Dioxide over
Co/Al 2O3 Catalyst. Fei Jinhua, Lu Haihua et
al. ( Inst itute o f Catalysis, Hang zhou Univer -
sity, Hang zhou 310028 ) : Chin. J . Environ.
Sci . , 18( 3) , 1997, pp. 45_ 46
In this paper, the ef fect of Co content , pre-
tr eatment condit ions, space velocity and r eac-
tion temperature on the preformance o f math-
ane r eformed to synthesis gas by carbon diox-
ide over Co/ Al 2O 3 catalysts has been invest i-
gated. It w as found that Co/ Al2O 3 catalyst
w ith Co content of 13% ( w t ) ( i. e. 13% wtCo/
Al2O 3 ) show ed the best r eform act ivity , de-
creasing space velo city and increasing react ion
temperature improved the conver sion of
mathane and carbon dioxide. Catalysts also
show ed the best act ivity at reduced tempera-
ture at 400℃. T he CO/ H2 rat io of yieids in-
creased w ith the space velocity increasing , de-
creased w ith r educed temperature and react ion
temperature increasing. When enough Co con-
tent is lo aded on Al2O 3( eg. 13%w tCo/ Al 2O 3) ,
catalysts w ill appear e longer life and stabil ity
of activity .
Key words: mathane, carbon diox ide, synthe-
sis gas, cataly st , reform, Co/ Al2O3 .
Basic Study on Neural Active Noise Barrier of
Distributed & Coordinated Multi-Channels.
Chengx iang T an and Song ling Zhao ( T he In-
st itute of Acoust ics, Tong ji University,
Shanghai 200092) : Chin. J . Env iron, Sci . , 18
( 3) , 1997, pp. 47_ 49
The height , material, ar chitecture, w eight of
the noise barrier are constrained by the land-
scape requirement and load-bearing frame,
w hich deepens the deficiency of the conven-
tional noise barrier in low frequency w ide band
noise diff raction and transmission. To im-

prove the per formance of the convent ional
noise barrier, neural act ive no ise barrier of dis-
t ributed and intelligently coordinated mult i-
channels is presented. T he adaptive nonlinear
contro l vector in t ime and space domains is
self-org anized by the proposed compound neu-
ral netw ork to driv e the distr ibuted secondary
sources array optim ized. Mult iobjectives opt i-
mizat ion is adopted. Through training , at
f ir st , the neural netw ork optimizes the geo-
metrical dist ribut ion of the sensors and sec-
ondary sour ces, in order to synthesize the
suitable noise reducing space dist ribut ion and
reduce the hardw are cost ; secondly , the
st ructure of the neural cont rol ler is simplified.
At last , the reserved connect ion w eights get
precisely opt imized. The scheme is demon-
st rated to be applicable especially for w ide-
band and larg e area noise barrier.
Key words : no ise control , noise barr ier, neur al
netw ork.
Chinese Expressway Tunnel Pol lution and
Control. Wany M ingnian, Wong Hanmin,
Guan Baoshu( Dept . of Underg round Eng ineer-
ing , Southwest Jiao tong Universty , Chengdu
610031) : Chin. J . Env iron. Sci . , 18( 3) , 1997,
pp. 50—53
In order to control air po llut ion and noise po l-
lution in expressw ay T unnel , i. e. Zhong
Liang shan T unnel、Wu T ongshan T unnel and
Qi Daoliang T unnel w ere studied, the site test
result showed that machinery vent ilate control
effect ively air pollut ion in tunnel , sour ce of
noise is t raf fic f low , their no ise g o beyond the
values of standard, so it is important to study
on technique r educed noise pol lut ion.
Key words: expr essw ay tunnel , air pollut ion,
noise pollut ion, machinery ventilate.
Experiments on Long Term Stabil ity of Road
Tile Made from Chromium-Bearing Slag.
Wang Yong zeng et al ( China Inst itute fo r Ra-
diat ion Protect ion. T aiyuan 030006) : Chin. J .
Environ. S ci . , 18( 3) , 1997, pp. 54_ 56
By adding 20% chromium-bearing slag into
base materials of making brick, the brick sam-
ple w as sintered in the r equired geometric
shape under the g iven temperature. The size
of sintered base sample w as measured and the
associated Cr w ater solubility test made before
and after sintering . T he sample w as tested in
leaching liquid under v ar iable condit ions.
Based on the experiment results data, the
leaching rate is 0. 8×10- 7cm / d and the accu-
mulat iv e leaching fact ion is 1×10

- 4
cm / d, the

stability o f Cr in base sample w as determined
and therefore such method of t reat ing chromi-
um slag w as considered feassible and
pract ible.
Key words : chrom ium-bearing slag, road t ile,
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