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Subject : Research on the Movement Law of Top-coal under the
Full-mechnial Mining in Steep Coal Seam

Specialty : Mining Engineering

Name : Wu Xueming (Signature)
Instructor: Lai Xingping (Signature)
ABSTRACT

The movement law of top-coal under the full-mechnical mining in steep coal seam is
defferent from genty inclined coal. Physical-the geometric characteristics and spatial and
temporal relations, dynamic disaster is very likely to be induced by the such complexity
conditions of the top coal. In this study, engineering background is safety mining technology
for the top-coal caving face in steep seam. Indoor experiments include The use of theoretical
analysis, similar simulation, numerical calculation, site monitoring and so on. The movement
of top coal in the the steep coal seam roof caving mining coal is subjected to quantitative
analysis of the monitoring from the micro to the macro under different sizes, different
experimental models.

The mechanical behavior of tests by using of the injury and breakdown of the
characteristics of the dynamic mechanical in coal and rock under uniaxial compression show
that, the axial strain injury the greater the deformation of coal more competitive, the greater
deformation of axial strain, the more drastic deformation in coal, the higher the degree of
breakdown. Experimental breakdown of coal is loaded into the unstable phase of the damage,
the release of elastic strain energy reach the threshold, Using the relationship between the
acoustic emission energy and the damage variable curve fitting function determine the
damage parameters and characteristics in the breakdown of the best circumstances.

Based on direct observation of elastic wave CT Transmission, follow and simulate the
breakdown stages of load coal samples instability. Coal weighted not-uniformly at the top and
internal, different degrees of damage in coal, coal-like central (local belt) emerge a sudden
increase in velocity as well as surround of the coal samples the velocity has the ladder
distribution of with the change of stratigraphic, with the increasing of weighted force on coal,

as well as the effect from the environment (humid) and the disturbing will gradually lose its



strength characteristics of the original material, localized fracture zone or "empty" will
emerge the trend of expand and spread, crack size will gradually increase.

Analoging simulation experiments simulate the drop-down form and the falling trend of
rock. The results show that the forms and the trends of rock fall are non-sequential and
non-symmetrical, and the jumps and the Level changes in acoustic emission energy and the
number of acoustic emission events have different characteristics, however, the overall
situation remains unchanged. With the increase of mining depth, the moment compared to a
longer period of time, but it will not reduce the risk of rock instablity.

Using numerical simulation analysis of the law of displacement and stress of the top-coal
and the overlying goaf. At top-coal movement high stages, its internal stress and surrounding
stress show a larger stress drop, and have an uneven distribution, the value of maximum stress
and minimum principal stress has a larger shows that the direction and extension, the
deformation affects a wide range, and even extends to the surface. Because of the specificity
the conditions of coal seam occurrence and the advantages of exploitation technology, along
with mining, the low stress conduction potential belt exist in coal alleviates the local principal
stress and shear stress concentration area. In addition, with the increasing in promote distance
of face, form variables dramaticly increase with the speed of advance, it is difficult to reach a
temporary equilibrium state. the original structure of shear localization within Rock can
develop large-scale sliding block at any time, and further the evolution laws of stress and
displacement in top-coal and goaf, further reflect the degree of structure joint, physical and
geometric characteristics in the face with top-bottom and overburden goaf,also the complexity

and randomness in the process of dynamic temporal and spatial evolution.

Keywords: Steep coal seam Top coal movement Evaluation of damage and instablity
Effect evaluation
Thesis  : Applicable reaearch [This study was funded by the National Natural Science

Foundation(10772144,10402033)]
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EWRIET +5T9E2EB ., ERBEFERRY, EHEE, WRBERE, H8%. #
AERBENRTLHENALELA. HERE 9029m, & 35 F. #0.6m R
R, TRNRRTRESN 33 B, FIHHEHEER 134.66m, SHERH 15%, H+
K29 B, AREE 127.99m, & 33 EBEM 95%, RAFARK4E, AanE 6.67Tm,
HEBEH 5%. EEER 55°, B 325°, BEHA 64-69°, TRBIIMA 30°LA, K
BBshMH 60°Ll L, EmMBIMA 70°KEE, fRE2-3 (AR 2.1). FTHREYF RXKKX
+579E2EB ., BN ERIMTUEEIXR, BEEER 32.9m, KITHERESA=/1HE,

e
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2 EMHAREGATAORHHF L8R

A 52m. 102m & 18m =AKFHE, B—rBEE 52m (BFISLUAREEE
M 430m FEEA), ERERTEMK 429m; F_MBREE 102m (E[H 430m £ 627m
B, MREFAEMABRK 197m:; BB 18m GEER 627m F 1202m B), #
BERTGE R 575m; +579E2EB . 2 TEME B AR TAE R S KEH 1202m. 53
RN AWANKFE, RIFKKFR 550 KF, EKFEEBERRSAANMRR, KRR
ANEEFEA 600m, BEH H LEALSBRAGERTERELE. LEGRER
B R R B R E B 2.4 2.5 BT R

8 N 5
7 BT \\\
=

LT

s #

BRMERE

B 23 FHRIEREHNERE

. o W
eI TN I A on
A A Z -
@0 08:99:
3 5 ) i e
TA‘J—“?‘L W ST est west
Lt s A A
Ty
'(J/."’ ) L A
]
]
[}
]
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]
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BEAEKF AL F LR T

— — ——
Bl 7] 129 [ 0.1 [500] 0.9 | 1400
FEE 1.17 | 0.09 | 433 0.78 | 12.05
IR i 1.17 | 11.26 [15.39 |16.37 | 28.62
Fam ] < i
K |y ox W K o] K
R %@ (28 B x5 =5
BE my|E [BE E L =
——k BB |2 |%8 =& %E A E
i 7 i) i X
A E &z E R
b1 i 2 ]
EEte
[l 328" < 60°
K 2.5 +5T9E2EB, ., /2 M5 ¥
#£2.1 BERFRIERHXSH
2 i A EERFEH JE BE(m)
Bi.2 53°%(NE) 325°(NS) 65 2-3 329

(5) ITEmMEREH

BREXBAIEHT, S BARFREEYDE, B 0.13m~0.56m, %ATKE
BETKIETIEEY, BARE, MinREKEe. HBTIRVBANRARS, LEYFERS
BWE, B 0.75m~4.7Tm. HETRERA TR, XHEEIERER. ETHARR
B, —MHN 026m~22.55m, AN EBW RS, BIEEES, BHXEAE.
HRXMHRETE —Z 0.1m~0.85m BB ANHFRANE, %R LEREERTE
. BEEEEREN—E 0.53m~3.98m MR ESEDFRE, PEADE, ZERIBOMER
B, MEFEAREEM. ZEHN 1.17m~12.04m BB FRRBERUADE, REBE.
BRETUR . KRERWRK 2.2 .
£ 2.2 BETR 5 RARKE

2% 53 BRLR BB BHERFIE
HE WE. WHEEE AF 15m xktt, PHYEEE

TR ETH ®E. RREE 2.30m ¥, BEYHERE
PhTH RITEE 0.50m /%7

-— HER RE. RARE 4.20m K, HERHE, BE
EAL B RRE AT 10m KAL, ok, BE
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2 AP E G IORKAF TR

22 EREMERFTERHERNFESENR

22.1 FEHEH

TiEshE S5 R HmsE xR, XEEE M ERETX. EXSREETEESIN
H#TERWM, DIAUTRMRTEEHARENEALRAR. Bl EEmEs
AH%EER. EF MTS-AE((Acoustic Emission, AE)f S & 412 ¥ o it PR M W TR <L
%, AT HMARE AN RS ERERNIE, AERBEEZMERRE KR
M. FHTE S SRR G SR, R, REREE AT, Rt
BEFRFREZ A RS S REMIR, kTR AT RIS P 35434 2 3 BRI 1L I R 7 B8
FaP Ll BBV AR £ AT KA AR . XL 5 LRI BRI RAE R
I E R IR RKE S HE.

222 WERAE, . RTBAEHAKAZ

(—) TRNBEEE
BANBE. it B RERSEHE EERMT SC200 B B3)EGEH. EFHT
IPL. WE-10T FHRBH@GUE). WE-10T #IER BRI ILETH). WE-60T J gtk
RHLFIEY). BiEEk. B9 . MR K. B, YI-31 BEF A mEMNEE. 502 KK, JYT-1
RER/RF. ER. WEK. Sony HEGHHL(550 J7 dpi)Fl ISM-6460LV(JEOL)HHi Fi T
B%S, RAEMREY +ST9E2EB ., RERN IS ERE, HITRMEETRE N
SRR, TRFEREZWME 26 (a-d) i,

L

(a) +S7T9E2EB, #FE (b)) FTRERRAM (c) FAER () MYLH
B 2.6 SERmMB L
() HE. b PBRERNE RS R
ERRERBELGRMNBREANILRERNER, RARRE, K (BFH
FEMEH L) MT 39-1987)F0 CEAMERNEHE) MT 40-1987)HLE R 5T R
OFENBEE. HE. THRER. XF. WrER. KPKREEE.
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B EAE K F AL FEAL

@WRIFHIE: NERLIERY SOmm MR, FRH. 21,

@SB WA HE R (R BB R H B o PN TLAR T B AR, B
HARTHEENBREA.

@HRHBAR: r =E

R: r-HANKREE: g, -RIENRBREER; v-AHHER.
#2123 AARENESGR

& AF N~ (mm) ) PR
R A . AHRRR KRBE AR
, 1 RA
G b HR =1 AEEWN) (KN/m?) \
(kN/m®)
1-1 B, 4 49.10 102.5 1939.444 2698.92 1.391595 1361901
1-2 F=ERK) 49.20 102.1 1939.444 2628.36 1.355213 '
2-1 B, T2 49.18 102.1 1939.444 2445.1 1.260722 246069
2-2 A —FX) 49.22 1020  1939.443 2416.68 1.246069 '
3-1 B, KE& 49.12 1024  1939.443 2553.88 1.316811 311018
32 F—XKX) 49.00 1019 1920973 2510.76 1.307025 '
4-1 49.10 103.5 1957.915 2545.06 1.299883
B, #&
1.291476
42 F=XKX) 49.16 69.1 1311.434 1682.66 1.283069

B U SR B R H A S A SO AR RLUR 58 R v B LUR M R TR R AP A
BICHAFRN%SH, REEEPKE (BREA R RTUERER KU REN ETT %)
(MT 44 -1987).

(1) B RE: MERBHL. W ER.

(2) ARG RAESN Somm KR, SRR 2:1;

(3) MELE:

OMRERTERAHERNELRERHHEANLHEEN S EN, WERFHE)
HEANIERRA.

 @EBEEAVER: —RNHE 02P< P, <0.8P. RF: P -FUTBRABAES,
KN; P-[ENHERBEKRE, kN.

@FHEAN, FHATITARE, BRAGETEINAERT L, HEXRBAL,
R L T2 H5, 0.5~1.0MP, HEE MBEEHR.

@S RHH:
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2 EMMREGHRIEREHE TR

R PR R=§

AP R-RAAPUERE, MP,; P-REBUREA, N; F-RE4EHE, mm?.
K24 AR RAEREN TSR

B R ~H(mm) T
Y F=y REERF  BREH PLESRAE R e
&g 2R " b (mm?) P(kN) (MPa)
(MPa)
1-1 B, 1% 49.16  52.80 1884.78 20 10.61129
17.95077
22 GFZ=ZEKEX) 4912 52.00 1884.79 15 7.958467
2-1  B,JEM(GR 4910  48.10 1884.78 31 16.4475
17.86234
22 —¥X) 49.10  49.10 1884.80 32 16.97806
31 B EEHGE 4912 50.70 1884.78 25 13.26411 1525373
3-2 —¥%X) 49.10  48.10 1884.70 325 17.24335 '
41 - 4920  50.40 1884.74 25 13.26411
B &
_ 10.61188
42 (K=FK) 4902 5020 1884.78 15 7.958467

KA REAAR EHRRE)WE A A WIRRE, S8 (ENER R RhRE
WEFEY MT 47-1987), RABHIFRE R FE.

(D) XB/EE: AR BRI A, HiEER.
Q) REAE: FERGEXARAR, HR S0mm, & 25mm.
(3) MESR:

O. QRIFERZEHFE.

@@L R HRHI B, WL 7 B A& AT R E D, R
AKEN, B ETTNIMNEMEREL, BARBIH ETAERZE, #REKG.0
SRR P ORE—LELE.

@ITFERBAL, AR 0.03~0.05MPa 3% BE N EH ZEHK .

(4) MEGRITH:
2P

REFWTHERE: R, = 314DL
KA R-BAPIHREMPa); P-BIAEAT(KN); D-RHEHR(mm); L-REERE

(mm).
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B A K F AL FERL

- ————  —————— — -
2.5 HAREMESR
R (mm) SEEIH
R =0 BB P HHSRE R S
A
WS R ERO HEEL) (kN) (MPa)
(MPa)
1-1 B, 4§ 49.10 50.40 1.95 0.974912
0.866589
1-2 GF=%K) 49.20 48.14 1.4 0.758265
2-1 B, TR 49.18 49.66 1.05 0.693271
0.620095
2-2 Gi—%K) 49.22 48.40 1.6 0.696366
3-1 B, EE& 49.12 50.40 1.1 0.487456
0.490258
32 F—XKX) 49.00 52.80 1.05 0.487456
4-1 49.10 52.00 1.35 0.584947
B %
0.718724
4-2 F=XK) 49.16 46.08 1.55 0.719578

AV BERERNFERTFREENERZ—, ZXRIHRFSRE (ENER
VBT A77%Y (MT 48-1987),

(1) 8% MEREBHL. THBYIFA, FHRFR.

(2) R ARG REAER R Somm KEAE, ®EHA 2:1,

(3) RELR:

DLW HLRE 2 KB SR ) 5 1 M 58 B W 8 2 BHE R IR A )

QWERM R, EHEHVIAEEARA.

GO 8k Bk T A 8, R _E S BRI AP 0.5~ 1.0MP, 3 INE B 28R

(4) WELRITH:

BASRE B YIRS LIRS . BIR A 4E T A

P P .
O =—XxC08; T=-—xsina
F F

£ o -RAWYIRRE LR S(MPa); ¢ -A8I VIR E b K8 11 (MPa);
PR BB WHR B ATKN); F-BY)EMERmmY): a-RFS5KFEERE).
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2 B EGAIGRE DT TR

L —— ———— — —— — —  ———  ——

% 2.6 WORBLE
. Rt W Wb m o
BE oK (o) R AR 8 L T
Eﬁ E— (mmz) (E) (kN)

1-1 B. 4 49.1 46. 08 2. 40004 45 81.5 24.0117 23. 9926

1.2 (K= 49.1  49.10  2.49726 55 69 15.8480  22.6099
-3 RK) 49.1  50.20  2.44698 65 34 5.87213  12.5739
2-1 B. T 49.1  50.70  2.59643 35 67  21.1378  14.7911
2-2 =37 49.1  51.84  2.44902 45 54  15.5914  15.579

2-3  (R—RK) 49.1 51.50 2.49726 55 36  8.26854  11.7964
3-1 B 49.1  48.14  2.30208 45 34  10.4434  10.4351
3-2 B 49.1  50.26  2.49726 55 23  5.28268  7.53664
3-3  (F—%K) 49.1  50.28 2. 44698 65 18 3.10878  6.65680
4-1 49.1  49.42  2.449469 35 80  26.75362  18.72074
2 . g g[z) 49.1  49.66  2.498005 45 62  17.55025 17.53628
4-3 49.1  48.40  2.399333 55 33  7.888869 11.25481

Ba. By 518y ot ML 2.7 (a-d) FiR.

75 T T T ¥ T T T Lo 20 T T T T T T T T T

254

20.0 4

WA J1/ MPa

00

00

00 25 50 75 100 125 150 175 200 25 250 715 T00 25 50 75 100 125 150 115 20 25 250
AERE f1/MPa R J)MPa
(c=6.50, ¢=39.4) (c=5.11, 9=29.5)

(a) By (A =FX)o-1 #h%k (b) B, HEHE(FR—KX)o-t HZk

YR J)/ MPa

[\ 1 5 ; 4’ ; é '; ; ; llD III 12 00 2:5 5.’0 7:5 Il;ﬂ IZI,S ISIO I7’5 2(;,0 Z’.S 25',0 27‘.5 300
ERY S1MPa ERE J1/MPa
(c=3.97, ¢=32.7) (c=4.64, 9=31.3)
©) B REHEA—KKX) ot Hh4k (d) B ECGR=XKK) o-t #iZk

2.7By By ot 1L
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BB RFREFER L

() BAEZRS

WEBHSHEMNELRES, S8 (EHEAERSEIEHE) (MT 45-1987).
(1) X% BENAEY. HRAR. AR, HENE R, BRKF.

(2) A SHULRE N E R ERAR .

(3) WELSE:

K B R E AR, Tk ERL R, TURTE, RS, RENES
TSR, %R 0.5~1.0MPa (I EZHTNE, EMTHBABRK 02 —wRiE—
WS, LXBHMENEE, EEHR.

(4) WERETE

ORI FRE- 0'=—£—

R o-MHMPY); P-ERAESTRHBAEN); F-REVETER(mm?).

QUBMNEILTRUHHE: ¢ =¢-2¢,

. g, BHRNBME; g -PRNEHE; ¢ -BEANERE,

Q@I S1-Yhm NAE gk [ A-BE m AR ek .

@ENS- PN b, HEBRRRRENEERE GAEER).

FRAE N 7 -2 1) IS A2 01 S 7 - 1) I A ol £ b ok 7 T 4 B3 4 40 1) RS ] A ) S35
B EERE p=‘:—"

A g, -NH-HERNAS i XN E LB NIRRT IME: £ - A- N AR
ik bt N H 2R B R A AR S (E .

FIFH DA _ERRTT s, HAT E M RIET Brao TR BER BITE KR B RARE T
HE A% SHNE, LRERW0E 2.8 (a-h) Fin

ey daies o —_aa
Pl ol =m0 3eem 483863 L LA L 4 )
detod e e v e - -

(a) MKTRR RS ot HZR (b) KT RS o-¢ HIZR
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2 BMMHABEGHRIGRM AT T

ym0 4§52z +18 340

(€) MK B Mt ot 4R (f) HK By R o-¢ #25
” |
5 :
= .
‘ E
0024581012141618202224 o i
ESh (] 1000 . 2000 S000
(® AR B ot HE (h) B4 B, ik o-e M2

B 2.8 RAAERRIRA ARRE F ot tZE
223 R EETRERGEELSE - A ERLTEE

(D EFEASSHNRGTS

ET AE BRILE THARG . RUSHALENNR, HREHRGEEER,
ST ERIR S TR IR TR B P R S R B /N B R S B AR B 2 TR E P
ERR SR, REEREESNNERAT BB ENT B, Rt REKN
A2 e th b 2 R OT B I ) SRR R o M 7 R R B A T AT 5 i
BEFE MBI Z M H A SRR R R B R . B, SRNRZEHS
SN T 5 A A 3R R B B A P (R A DA 7S R S LA S R BLE B BRI P« BT DA A

19



B AR RFREFERL

ML R B S AR RPN TR R P2 . TURMR IR SRR T, RE A5
RRAR XY, W% i, RERURYRYEERENARSE, YWREBH
REREHTH—FRAKRBIASR ., EROTUETFRIET, TUREBRRERLRY R
FE 3 SR AR AT IR A AR 4Y , SRR 5 e B b B T AR A RN AT R IS AR RE AN B TV R
BRI R A RE 2 AP, A MSh AR BBURRLB AR R BR R K FEHIN
BB Z — o THAE N S IR 5 AA A I T VBI85 A S AE SOAR IR 0 46 R T BB L
FOAREB R, RN BT B B AR R — MR IR B 3)
SRl BT RGiEikh RS RD), e RETERMERNRNBMAELR
HEER, BYBARGTE-NA/NERXAESR, ARRGERRRE MRS RS
S B3 S AHEZ(64°-69°) TR MM .

(2) R E RN

AE By ATT DURBAE A AR BN 2 A2 R I ARG AL, B b s
SR G A A BRI LAY B, —RIESIINEA N AER TR B HRZE D
K BRI, WiR D=0, WIAAMERREHM:; D=1, RoMHARHARE
FIRRRE. ROGTROVEREURYEEMNENYEEY, WERS. ERNA.
ProRE . BUERENETEAYEER. TR, SANRGRERAS KAHHTE
R, BRANA. frsaEsR, Hr-EnRnRRRRENE, MR E
AR MRGRERSE, B EHMBK. TED AR RITUET R SRR 1R/
TR AR R ME—RR. SRMEET B 3RANNES FERE D RERR
HiE M H N RUA—# . BAREERARRNERENERE, XBNEEMTHE
EZHEBRFHRGERED MTHS, RERXWOR.

ey - 9%
2 F

€o

D=1-exp| -~

Qa.n

TR B MBS B SH RGN E IR (MR 53R J1#8s
R T HHGZ A, EEBEZMAQAFR.

oxm
¥ 3

D, =D+Dy=D+l1-exp| -
4

(o]

(2.2)

R Do WF HHELEIG, & AEEBTAMRNE, o hKFEMS(MP,), m
F1€ 53514 Weibull S FikFERMEAS K.
(3) mMBEBRERER
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2 SIS EGH I ERRS HFEE

BB EAREHL O MTS-815.02 (EHEE) BBARRARESE, ETHE
HEZE A RHMMBRRREAEEWME 2.9)P7T 7, BT FHRR AR AR R MTS K5
RENANBFHARSRMRAEURBHEMENE. RREE. NBREFNE
29(0b)c)d)7R. REEIMFTREWRIET B AR, RAREERE, ik
SENEK27: RHIFMERATEZEFHENSERARASE (WK 28 Fin). AR
REMBLBREERFBRMAL, BRRBEEURIEPINERGBRETHR LT
BERNERSH. N, NEBLER.

(a) FRHINE RS (b) MTS JE 7R H1 (c) A R4 4 (c) JRIRM
B 2.9 LEMBERE KRG
R 27 BEAESECE
RS HRZ R

D(mm) H(mm)
HEE 49.36 3437
A% 2 49.5 83.91
# 2.8 MTS-AE S ¥ F
EivRe I & [1] gl ok FEE
MTS mm/mm-s” W/s
815.02 1.5x10% g
MEL xmmm sk
AE (SWAES) i Hs Hz
4.5 50 102~104

(4) Bl SRS RN SR
LR BEEL T MR N RG], #EN-RE, ETREEREHN
RERI & X ARE.
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R ATIM K B BIFERAC, S8 N K BT B K B Rt BBk
fho ISR B DU E B T RRRERTTE LA LFHAE LB E TR, &
IR SR AR ORI S, SR RIS, B R FIAE T (4 n,
JRERR S RWTRR (NBBLBEL), RERBF—EEEEME XR—RERE
giahE MEIE . — TR 3RS M RO MM, MM EE
Rifjoyfik, EEHNEe Bk, BARGEROMRER BENRBESHRHT
HRARLT. MM 6 PE A4 452 B R MR R R AT LU

RIERTERRET, REEKTRAEORA, RFERS FREEY, WEH
BERA, EETRER, ALHIE T, aTFFESHRETEERAX (64°-69°)
RALR A K. BB TR ox A, MR BB M AR 8, RAR
T TREE. RRATHROCE. 5%,

EEMRROR SRR UL B oy
BEXRME (U212 5 BH4E |
BT AR ORI RRE IR (] || st
RRA) (R, REGERREKERL, gl 17 L s
RSR AT R R R TR B BN R T AR 4o
B G R E TEREBAE 5 BTTABIE oo
SRR SRR, 7 TR
SRR RIS BIB AR, HAERREHE
TR R AT, AR RS MRS
B B R kRS A R T R B (R = AN B B 212 ARAMTEREIE
U IR _E T B WA B BRI R B

b A B 8 R AT (Spectroscopy) B 3P B Gaussamp(X,yo.XoW,A )& 3
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2 EMHBRESRIHERMHF TR

-

%, HHBERARA: y=y +4e> ; (y,=1, A=-1, o=1)ERFHSHEREUEHY
RIEEFRFM. UEREOVETHANESHRAZRRH ML THRERIME R
¥, WRERLHEs =1;m=2,5,=0,E=2E=2 I, HAABERL, WMEBRH
RO B ERPERMSS: BARBRGREERRIRK, BEREER, EXHEERE
T REEZBIABER

224 Ttk

R INE A B ) FRHE SR R DLSE IR ANE A SR A WY E A (B
REWACRE) ATERATISERERC, NTTRZBIFESE 2R, NRDRE
BB, 2T MTS-AECE R L 44 F) K 35 IR SR HF RS H ¥R T
PHEHRAE TRRARTEREERSRR-NA/NENXR, T THRESHEME
ROt SRR R TR SR K W, 8 IR 4518 Ol [ MK B A B 2 AR,
BRUEREEHE. QERYVIRY, LRMBBIGHBRRBNE, BRI
PN RREE B A E, B RN RREERS MR SRR ER B AKX RYIPHE
HR TR B R BB T B SRR ENE, ARG RLTTRIBHIES.

2.3 EHEH MREIER BT R R FHE

2.3.1 Bs T H AN F

BREEXBREBUTR LT KEEENER), FREBNERREIFXRS)IX
(EDZ)AT M HA—ANCRER RE) R BRI BT 2 4 M1, 7 FRBB0 R T DL B R B
YR, EDZ ¥ B W TG S THARE B PR R0 58 M F s A& A—13
DI (BT DR T /A R R BT U ). (B e T X S 4 F I 4 it 2 AR
FE R EA R B MR BT RN, RN HAL BT RA A LT FEEHE
T 3 R AP BIBI 2 1 0 N 5 R 3 5 2 %o IO A 1 4 g A e > S et AR 00
CRFB, BT LR SHMNE L S RAHET M.

R R LTS BUE F A RIBBR R B R4 RN TR ME R H 2
gz~ BREERRBAR—ANEHFELNLRE, 3 LB RS ERE—E Rt
. —AERHSHER, ZESNEFEFAERN, EMENY, BESLMER
BEE LR, MIERLMEIEERER, TEARLELERHK, ZBHERH
KTFEENMXE L, BRIEBTORRG . HTERRIGRNE, M AE AR
W RIG B DB AEAE, R SELA BB EA 5145 B AZ 18] 43 B th SRS T
R, HERFHREFPNLE. Hit, NEEHEENSEIREFABELE4
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BHEAEKFAEFERX

LAHER, REVFLEN. N TFREXAXBUURHENEE, BENZERBUAS
RAinBEEMHZE, MELBRRERRMBAHZI, TN -2 RN R R
RERZRRBERIBRSFITH, WEFRNFTAZETRY RN 2%
EHS2, BLE19764E, JaegerFlCook Bk Hdh FE 48 4 BE ) JL R RV - R A8 il 48 1 4 a4
Bree (LE2.13) , ENEM EMEBROA, HBKZTR ,

HREENE, AEABEARTHGHESSR | o
MENHA, ATWEE, BRIMNERERER, [
REA-RAE MRS LA, Y BRI, foveeoe / AL

WA AR RE KT . ARRRENREL  |na
AORURHE, T EEORRERUSHE,
EEAER. L FELHBRAB, tHEIAMTHEN
HL RIS E R BB . T MEBRBC(HECAIAT|
HEE, RHEEF—/REZHNBHNERA,

N T2 R MR B, HELNSEBREN=427), NEKRHECD,

XHRHHEHE, Wh B RB AR EREE, HARSHERIBIR, B4R
FRFEAR, RERERRAEZAEHRE, SRBEIERPAEZRANRERS,
BRI R U ARERR, EHAEAT, BABREIE—ERERN. A4t
et LN ATTRE R B NS B, —ERHEEEW.

232 e b Kiidse

HTFROLRMBRHNERLE, BETRBCEHITIHERRAS . FH
MTS-AE K% E, ZRHABMAREK TS BREBOTR T RBANRILLRE.

o €
B 2.13 Bl ERGENY - P 3% i 4%

21X
= /
FRPERX FRPEDRX -
(a) JRHRN ) 4 (b) REHWIRE

A2.14 MR A R
ETART (mm ) BHEAMHRG SRR AE BIELRRA: BAREBERNE
REAEERAE R MR ERERHIRE, B 2.14 Wt THERBEER,
R BARR T RN ZREEFHMm A, —8iAh, SRR REH &
BRGR. CERAMEPNZREL, NERFEL, HfESRBRLEDHEET, ¢
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2 EMHBEGAIORMNFEE

RERRY: MEMNERREEEVIFHAN T ERE. ERNREEEA TERN
AT — B, WREINE., MR IR,

233 HnhHRMFREMRG 5 EHAE

O RRESR LR SR —FEELTR, FVEERAHRRHET —
MREEE, it AE RWRE KRS N R RRBUG SR IFR AT 3¢ Z E B K i sl B
ABRIRR G FATIN . & 00T R

(D) BHERG SR RBLAEESIHIRRL=E S KE) SR YIETY)
WP AR A RBRE D BRI T MR 5 R R BIVIH AR £ 54,
T BY V) 4 R AR R AT AN T REUBEIE AR, R BT U I T R Xt BT s 5 R AR A
NEZRKAE. HERVRIIE, BREELRHH, RRETUIH R R
LG ER KRG R,

(2) BHHEEFFHUAENTN, SMERENETH, ERNEERERN FE
KBS UIH— B, HAKNE, NREEHZAE. SRMEEHEL, £=
BT SOEB)EEIFMER, RETMRNESME, HERRGMERSEER
%, hEMRFEIELE.

(3) ByAEA T A RBITIRT R R B TRE M —FRiEm. Rk
HIBTAE R — VIG5 F 4, BT RSB JLAT R R RSN A RN AR S, BRI 34
MER R RRER SRS R B DI T R R ) 3 K B an AR AL b R T R %
BEPNEB VPRGN, #0002 2ETIRANRR K.

234 BWHEHAFHGE LK CT 44

CTHEARRIEAGII A G A IHE IR T, FIREMSEEE, RIEgEsH
HRRI R & PTIRA BUREE, K —ENYEMBEXRR, FIHTENUREY AN 35
KA YRBENDTRE, BRI ERB R AR %, 48K, EN
VIR AL . BAERCTHRBERRARRIREESCTRET R, WANERI T4
5 REXS R N AT B R, A BB BRREELS. BASMFS ¥ EZRAT CTHA
AR B WRRTT RT3 R A CTIF R AAHE M BT R R TR R 5L B
Bt SR ERMTIRBE T LB, CTHARMBEEMZRadonE#e K H L #,
AR SR B REOR E R IR N TR Y B R /AT AE, M5 31 ) — 41 s 2 50 i e 4
R EER, HBRREFERREREHE.

ARIEH BV PSSR T E N W h 1.7x10° s, BRACTHIEX AR
MWL, BER G, JORTRGRE LU B R R R R R B
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(c) RGMA (d) HERBCRAL) () MHARIREIICIHEER)
B 2.15 CT S lid R R4 R

B 2.15 HRIMRLEME T B WAE, B 2.15)0 sk CT RAEHFERE
HEXRE, B 2.150)0R AP EAAHEREE, B 2150 EEREE 4 KARABLER
FEARBR B AR TR/ 100 £%), B 2.15(e) HHEE RN 4 KA R 5 IR AR LR
I EE (R ER 30 ), AR LH 6, FWEEEN 3): NBBRFEPAIEN, BE
HILDU R FR-I 0, BT R ARZ RS, RERGEEAR, BHEFH0E
ERAL ) Y P 2 LA R U R B B 2 2B BRI R, BEEREAZ KUK
Z IS MR WS BN KL RE MR, REAEAREERER 2R
FRBIEEY, BRRTAREK, XEESAEFTREZERE.

23.5 EB4®

(1) FIREFEALRATRR BB HZEEMF. BHLRRABE R
1 LR IFRAP S R R R W, 0B, MBEERHER Rk
MEREERRE. B%, IRTHENZTHLUERENERIRNS, EPRIINE., N
., WEMEREEAEH, b, B ERERN., LK, MIRSHHER, SR
WALTE B B+ Y, X TEEE A RER I A2 b 2w R Y SRR R L 5 X R R4S
AL R KR, B, WHHZRRER/D, BERAEREG LT E R
RN, BERHOE, NERRESHIFREER, W T2ERREKFTREK
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FER BV RE AL T BT R (B 2 B ) B — A Al i AL L 72

(2) ZRFA CT BB BAN KR R A5 5 R AR MEBEAT T 047, Bt
RS E-Brie i, RETEBRABZANES, BESHREARR, BEHEFH0E
FRALHE ) tH DL S48 DA K DU PR e S 2 2 BRI R, BB RE 2 h i KA R
RABEWRBHR LA RERE, REUTARBRR SR 2T ke Tk, H
BRR T 2B K.

24 KBME

HGELRIRER, f58) MTS-AE KB CT BARER, HitTHERGESERE
AL TR A ALV RIS MIRE1E . MTS-AE SRR, 1R4¥ AE B
AR AR, FEFRAPERT BRBEE B A7 K S I3 o0, 4 5176 58 48 vk v 1
NBrE, AE HRBEHFHRREERBUM . 4 AE SR SHRIX R ML REAF R
Ko BURHERBRTURBOA T A . B INER SR — AR ER S L RAANEE
RBZ—. FHREENROT SRR RAARRERZG IR R, BENR
RBEH ARG L, §RINRERP L4 AE R, WG SEHECR-/D
FE B BRESER) S HERFGRE. RR/MIBESE TS ERETHTE
ARMBERR S ENTEE I
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SRR B TR E B IR KT

3.1 1RIMRHIER IS HE

YRR E—HEENREHRER, RELREAREURESHEER
AR, (EBh e MR T ERMFR, ARKBUERA S ES RIS AR,
FIF SRR R, NIRRT R B PR A ¥R U R ERE S SRR E, A
TR R AR TR A= 0 SERR R . MBI AR ST I0 77 3 R R 22 454, mT 43
K PEERIF SRR, FHERELRIRFERNE—HE: LR LRITAT
BERNE—AKE. FEAER X5 AN R B FFEN R, XT5 ILEEm
KRG, HLHEFmMAE. MU R R EAEMRERRS APIR: —FEEH
B, FEERLEIEE LR R P R AEEMINS AT, R
FEER, EXFENYEERREHEMUEHSHLAE. B THMERFTRE
£, RS, FLESWECFER 5B e AT E B,

BT RO RISC R A R 20 A 30 ERUATHERIELEEELZELRR
H, FELHFLMERERMARSNA. £EE, K=, XESHBRATZNA,
FAERAEAM LA —FHEERIHRFR. 1958 F, RERLAETET WKLY
JESEH AL T ARBUERIS R 4R, BB KBIERBIZEM T BER SR RIS
AF. k. HUR. BIEDLRAE T TREHT. 20 ta 60 FAHM RIS AL H
WA T ZNM. £ RS, 4 EBEFRFENAERLE A E, B Fm
Y S RE PSR L0 2R E AL R PR A B R R IL TR R LB S BB sl
AR EBRAEEESZEMALXRE.

WHRTATR, ELHT WED PSR EAR FR-FENIEY”, EHARRBK
BERGTF RS RENNEAR. B, BEAHREDREFRMEIE =4 aiy”
BN AAER, ST LR T =N PRSI AN E—E %, BdESHELE
A 5% ) BB 1A Ak A T T 1) R OR AL BRAR R VR IR B0 B I B i o BRIBE N R RIS AR RLAS
M EE, WAL RBBIE LR, A 20 A 70 FERFEHK 80 FMRLLE, ESEL
HEL T FE NSRS, SRR E. BT h. R, HEFEYER
SEARERL, ERRET LK%, ERKSE AN A VRN K 6 5 LA
LREE, WERRREAIFHRPON 10m2mx2m P AERISLR S, ERKE
£ 1.5mx1.3mx1.2m KL AAERIF ETVE-85 £ 1.0mx1.0mx0.6m HIER L AR, &
TREEZAK 0.5mx0.5mx0.2m B A BN FRNERRE, FETVAFILRX K
BT L3 O SR ORISR & o BT HOMERSERIE T EF BN AR, F
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3 SMAAE B TRNLE ShAR AR ol 2

B ZHERNIRE, ZEEHRSERARENERE RN FRREEEB) T WE AR
LR RHEAAEAR AT W RHIET — & PR =S LR, P
HE W RZHIE T FHMNRRAILE, 1991 £ AMR S EAFI R ANEBET 282K
-4 B BUOTR TR B 5 MR AR AE, FAH LR L SHMET —& /N =4 T R R 5
B, RUBATTER. 1991 ERRT“AERAEBLRER", XERET LE
ULRPBE—ERBEN =L ARR TR E, RGEWE T ARIRE M KR =457
AR & R EAAR). RFKRE T AKEMUAR RS BEET KN =4
MAFEREEE,

IEER, BEEEKNARKITRAREE S IEN, T H IR R K E6E 6B
EREMRY, BZYEAMEASBEARBUBETERNER. Wk TR X
BRI E & T RERE R REILRERN B, 79LRHKEA T 2 5w
HIH 10mx8m>3m KBA G A ALK E, FHIRHRIEEE T REEEHE L
BERKER.

BXHI A R A SRR Z BER B R BRI AR B, T2 X0 T2 H
KBS ARRERL SR %6 BRI T V)1 488 L K IR KR 2 & FFR )R &% pk
bR X R E R RSB AR R BRI L& EEL B T REEE TR
MRKLRANEARERE, FHFREREFAFIHE 1.5mx0.2mx1.5m“H-#%-<”
ZHAUMEER S RER RS, (TR T TREEENSHENRESERAE, HE
B R: OFFRETHTRIXTHRAKEREKBRYERDRE, FRE5EF HmA
KEMRPH T KR T ERE: QW RIFRINS) T HEMEEREPE S R UK
FEAMRENZBLE, FKRIIEKBURAGEEENFHERRE; ORI
A BEREFH BN BURTHEITRT, R—58 8B 0TERELERERY EENNE
BiEHgz%.

HXMNEMERAEAET(ERASETKEERFEE, HKFERLET
Smx3mx2m KRBV ABRIKRKEFE, ALREBEFERHREELRT EX2AAMH
R X RBERE 90 ERERFBBMEME—HW LRI R RRR S, FRER
FBERRBME AR AL, WP NTHERE R AR, ARERBY K3 2585
K. BMAREMERNNKTFREFHASLE S, RREMETEHE, #E, HES
REBEZRAREHEE, MEMBELNEHRT. MBETREMRARESHTEE
A, HEBEGHE: OF)-##E 4 (Dynamic-Static Coupling-State) N RE4: OF K
WA ZRSE; @Borehole-Camera & FLEIM R ZE; @Rock Soil Mechanics Fil £ #25) B MR &
4t @7 A AWK R 4 (Distributed Fiber Optical Sensing); @62 2R R 4%,

A5t NERSYEMERL RS E SEBM R R AREE FE R, AL
il T BRI REE, AETHEATIR RS EREE. &SN
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BEE. BAEEEHTRHAN LEMEREE. BARRRULRER. SREEH
Al e MBS AR R B

3.2 FEABMELIEE

3.2.1 WER AL

EWIREY +579E2EB . T REENHET, SHESR, T-RENH, HE8%. ¥
HEHRBE T LPENTLEH. HEEE 9029m, &4 35 B. $#20.6m H7 X
pRAETE, TTRAMBEARMEEN 33 B, FIHERERE 13466m, SHRH 15%, K
WAX29E, AXMAE 127.9m, & 33 ZREM 5%, BEAK4E, FakE 6.67m,
HRER 5%. HEER 55, H 325°, HEMA 65°, MiRBaM 30044, KR
Balfh 60°LA L, EFBBIMA 70°kE4E, fRH2~3 GEFEERR 2.0. TEEBUHRT
4y BR B K AR E+540m 2 EAY 15~17m BE— P NE+510~+540m 7B TAE A
30m B &, M AR R ZE+780~850m 2 [A], F15+810m. Hp—HBESREEZR,
 Bsi» B EE, By BEEFHHRE 1.10m, B EETFHEMHE 27.79m, BluiEE
HEEERE, HERE 27536m, SR 10.0%. BELHFER. 8E. ZBURK,
BRERE. ZEES B; EMIE 4.8~6.60m, HEBERN 35.65~46.6m, FHEE
40.19m, HEEFEELERBESE, THEZLHE, AEKIT 3-8, EEHN 0.07~2.50m.
WEHTARKR S (0.1~0.5m), HEWR RS, BERRARE SRS,
RN EHBAD A EERKEE NN, &E—RABRRRE SRS, B 0.13m~0.56m,
HATRARR D BETE I TUEE T, RAREE, MMEREKG . BRI AR E N3RS,
SRR ERDE, B 0.75m~4.7Tm. HETIREEELER, XMHEENEZRER.
EHARMBEE, —BHh 026m~22.55m, EtEAWERBRRSE. §HLEk5HEA
KF, il 3.1 Frs.

H 3.1 EEBRAFRFL
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3 SRR ETARIE ShAa AR e

3.2.2 AERUAZK B U A A BiRt

BARR T R A K x B x Bi=250%20%200cm, TAJHEHL 45°~90°3G E WA B M AL ER
BIFFR. BEJLATARRILEL 1:300. BRI B R EA+S40m $78 2 _E A TR
15m B, 7E+540m i@ T T/EER 30m Bt#. HH B FHIERE 27.79m (B
BRI BE 3 A K PR e I B 3.2 BT

B 3.2 BRSO RER (EEHIR 1:300, 847 cm)
SRMEEERRE: . A8, X, 88, =&, FTREEAGSHEMNE
B REEETARANYRRSE, EE 1~3m, BRHI 9:2:8; LT WRTE, IR
8:2:8; HERARMIES, FE lm, KILEL 9:3:7; ZEAWE, ACLLH 8:2:8; HFE/K
K TR lem B (Y 200cm?, ERE 20cm), AEELER 9:2:8, A E 1600kg/m’ i,
BF 5.76kg, FAH 0.128kg, KE¥ 0.512kg. ACHLEL 8:2:8, AE 1600kg/m’ bf, BF
5.69kg, 1% 0.142kg, KA¥ 0.568kg. HERIEEEA/F NE 3.1,
# 31 BHBEENY (ARATER)
B9 B KEMEm Bh Bk FS SH KPEEm EE BRR

1 R 176.22 728 " 7 B;s 3 20:1:5:20  40/6
2 B, 5 20:1:5:20 40/6 8 WHEES 3.0 928 91
3 WHERS 21.0 928 9/1 9 Bz 27.79  20:1:5:20 40/6
4 Bs 3 20:1:5:220 40/6 10 BFERE 5.0 937 9/1
5 BpE 94.0 728 /il 11 B; 13.0 20:1:5:20  40/6

(=

WEES 2.0 928 9/1 12 e 397.0 828 8/

31



B EAERFREFEAL

323 FBHHRAEL

BRI RE AR, ERRBEAERPEEAE—RIFRHES. SRR
SR A UL S B G5 M A I P R 5 AT AR RS BRRR B, A GHMERERR
TR, ARBRRRETLE S AR P EANER ST ENAREAZR
REAR S Bk RO, BREESHRE SAEBRRERZIREE K. BEKREN
ZHWROARIN B, HAERMESHBRBERE RN . SEENERFERRT
WA AT T AT A AR R . EH T AT RSERR T, LA R, RS ER
BEREE A §RRNIRKERE, HhahERsng 7,

THELERENEZTFRRBBIZEEAR, KVGHGEHKE AE BFEERE
AR, BT 3 H-5EH QCTotal_AE) « K F 4 (C(Large_AE)) « Fl B X
(¥(Energy_Rate AE))B T |- [ 354k 2 e, HAEE—ENREITXRR. KEH
BRI BEMF AT R LRSS, BB AR B AR TE F AR E & B RS EE .
Tig B 5SRE4AMN A FAEAERELEHRREE, RENBHCELEETNRTHEA
B RBIEAF (BRI AR RIGTR SR . SR B BB, AR . MEERES),
BEMERBHIRER %, BH —ERBENERMRR . 08 8 AR 4514 5 B Bo N 22
AL S BAS R AN . it R~ (em 40) i JUTEBURB AR 4 Bs e
15~30m &M T 2GR KRB E KIS s B R SHHEARE, STUREEgIERF
] B8 T B 45 M BRE: K SR I Bh A AR R YRR ML AT s i I 128 5 TR FUaR » 3X 8
T R bR A NER PR TR EHFRERRZARE (m &) FEREIN. 2. 58,
RERMEDERNZMSF.

324 BI2ENEHEFE XS ETBRRIALR

RS B MU AR B +810m .. SER LB =N K P HIITR, Horh 88— 7K (+650~+750)
SHEANSEFFR, BESHH 15m. 15m. 15m, 15m. 15m. 15m & 10m; Z_KF
(+540~+650) FARMNFBIE, BESHA 20m, 15m, 15m. 15m. 15m. 15m &
15m; H=KF (+430~+540) HIEFAKFEFFFR, KA ZB, B&E2 AR 30m.
30m. 30m. 20m. BITIGHERE R T 60m HHEA) BREZTMEEWER, B
KEHZERK, BRIFISH — R BERAEEEHT THK, BKEELEER X
KFER, dEAELE, FFRE—KFEIFR. B—KFHEDE 100m. BHBIFRE, T
BEREMMBEELE, B 4 MIBEELYLE SRR RImKIERE S
BRORT, EFREAEHBEEAEIIBEABFERER): —4BFRIEF, HEM
BEARSXEKER, BEERE, LE 336a). FEMHTENE 33C)HFTR, 248
3 S BEMHE S0min 24K 375 AMmin, {55 5EIEHHENER, EEHTFLEE
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3 MM ETRBHE ShAntddn o i

BRIBZIRRZHE 40 min HSRHHIAT] 680 MMmin £F, BAMEK 2" BERA
10min. ZELUERIE AR E N KE FHRE. BE4BREPNLBRARE, HETFLE
BEFRBREEAT (ETD) 22, BEATEENEZATREEZEEAF AT R. LA
BEMHR 70°, WA 33(0b). BEREFEWE 330DFR, REATHNEESEEREEE
TREBGL ) 3B E AR RV IRZY, S HEMAE 43min AIXZ) 110 4>/min, BJE B8 REIE
BA R R K EHHIKELE 10 MAN. BELBREEATBRIFRE, MRBRATEE
REFEEEAZ, WE33(c). &EMFEHITRIEE LE3.3@) BARNAR,
SHFLE 3-60min AH X I 8] A B RIX E] 100 4N/min BAE, 7F 60min 52 T &, 7EiX
BB AEZHRERZTRM 10.5m 5 B3 16.5m, AT Y BERSEEZ K.

BLOBRARE, LABRARNFANBREESY., LREEMA 70°, THEXR
fa 55°. LA 3.3(d). XK E TAIRBILR 48, WE 3.30)FR. 2" 8EN 4458
EHEREH B AP 34 A 3] 1000x10°T A1 165x107), 2*iEIEZE 45min B HERIXE)
BOKME, T 4" @IEZE 100-200min E KRR, HUIERRARAEZNEHE
HEEERNERYE, BRIVGMELRE ETBKERIERASZTN, SHTRBHRSRR,
TRA R ERGREE#Z, 23NRERMNEEASBKHRG RSB HRKTRSE
%, FEMNENKEE. BENEEESETFETIRAHES 18m.

&

@ HEIEE (b)) ZTFIEEMIRER (o BENLEET R (d) LI

[FE) = L]
o 110 -
3501 i ! | 100
1325 %0
300
275 - 1 = BO
ELE | ‘e 70
| &
:. :”' | & 80
B, t | & g
& i i
C I L "]
:5 30
75 \ 20
50 4 :l 0
_F.t____',-a.-,,___.—-_—-_—.l\‘ i4 0
e B —— oy A SN RSN, N S SN SO S S . 1
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 0 5 10 15 20 25 30 35 40 45 50 55 0 65
8 fi/win ! B 0] /min!
- ) b 41 . - .
(e) SBUTXK AE-2 $H1E () =, P4rBIFR AE-3 #¥iE
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(g) Fi. ANBIFR AE-3 $HiE (h) EHBIFK AE-4 H#1E
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0] [wm B WH e o] [wm B A oo
ss0] b 800 L 400
o [NURURUR || | L17s 7001 [ 50
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# z: B . b0 g bz' . [0 2
gt N , L7 ] -
150] - . L so 200 4
g e > o [ 0
50 . —l—”‘“ o o] i I I l [ s
0-_'_'.: <1001 ¥ 1T
5 10 ;[ 2 z',r.l 0 35 40 45 50 % [l T IS A A A A A A S MY
B [6/min Bf (4)/min
(i) =4 BIFXK AE-1 FHE () LABFFK AE-2 FHE

B 3.3 B—KFFRE BRI R ARG SHHE

EKEMBREE 120m, SENMPBETK. BB RERERAE 20m, BEER
TR 24m A FHEZEE, WHE 34(): BARANRLITRE—KFEMEHZ, K
S EERABR AR WE 3.4 (g), BEMFIEF) 1280 NMmin. FE-HBRIFXRE, £2
BIT RSB RBRY BHIEY, FERNE S HRBEERE, LE 340b). FRH
S 3.4 Ch), b 2M@E KM 2Bk, 7F 160min BfiA%] 900 M/min. iX
EHFHERHET PEFRIY BN 60m B ARAFRESH X AR, RIS
ARG E G TR TR AT TIRERE 2% 18 18 IR B 6 K T KT I8 i) <O o b
AL, BE=EFNHBIFRIES, LaiRANEZNEE UM ASE5E,
BAREBRGRYREEHER, REEFNENNE, LA 34(c). XK 4 @iEx
WK, WA 34 (j) PR, BEMHE 105min & 2400 4/min, #ER X3
1.62x10*x10°J, 3*FEFE 55min A1 105min 5 /5 B IKIE F] 1050 4>/min A L, FFABERX
BeR, BLE7E 105min FHEBE KM 1x10°x10°T, TR ALK L TURAR B R AR IS Hr 4t
B%, BEBEmE, $#UFAbREETRRE, BIEKE, BaBEENIENKRER
PR CIERE WL, A PRIFRAT R TS, TR MR & W,
WE 3.4(d); FHABITRERS, BEAEREBERAEXIIEWT, HeRESHT
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3 SMARETRBGE ShAR AR I 3 1

B, BERAEE. TIRABEERE, R OANTRAEERREBE &, LE 3.4(6).
AR5 2" BIEFE 100min AHXF] 3750 4>/min, WE 3.4 (k) 7R, MR RIEMTLIE
Badi, xt EBITUEH EEmSER, PTU 2 @EHE 0 B A T ki
BAZERERBITKE, FEEERIINSEEARTXZEXTYE, BRAANEES
FHE—DIEE AR E R EE TS, BUERER NS ATREX S Z3)ME .
Rl thRIGRETE R — B8 K, ETRMEME By BE; WHEEHABRERNE
BEEEPEAETRRRM D, LB 3.40). X6 1% EE7E 17min S B4 HHES
R RIFIER) 1600 4N/min, XBFEAHREEISE, WOABBERE TIEHEER S RE
A, AB7KE 75 1) i) B 3 JCBEx AR M5 AR /738 K, B TR BRI B 5.

(@) BATEZRES R ) —ABRRGEEEERS

-

© FURERER

(d) =. WBRJEEHHE (e) HHRAERAWOLES () “BrRmEca

¥ t
TS 100 125 150 7S 200 225 250 27§
B (W Smen!

1800 - — 1000
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_ 700
= 60 - E 200
f- 800 :’; 5
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; 540 | #® 400 4
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O 25 50 75 100 125 150 175 200 225 250 274
TR 1

(g) B BIFF AE-3 #7i (h) Z4rBHF K AE-2 F#-1iE
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(k) hArBFFE AE-2 £t (D 7~ B BIFR AE-1 $H1E
& 3.4 $KEIFRE RN R RAHE S H¥IE

BoKFEHBEE 120m. HABRTHEBREYT 3om. FRRERES, dT&Os
TR AEEZE THRIBHRILNSRISRIER, A8 BRNEREREZEME. B0
TR J5 (AT R 2 X il DA FF R SR S R R E U TR AR, SRR
EF)ZEE,; EoBRENAYBRITRIER, BEAASEERFERSIBRITEDITR
ERBMEERZETE, MR BRI AER, F8KBRRITRE &% T I
BATEEEENER, KBRITXEEESEEHHTE2 T W ERE.

B oFHENSBRITREBRAEEERANE 357 . FAE, hERBGETEERE T
K, HREEERKARERKEEE, WE 3.50)T. LR 3% 4S8ESE R
WmE 3.5 (c,d) Fim, BE4S5KEHHETIRE, 10-140min KA LR 100-300 4
/min K4, THBRL. KPESE-SBRIFRT 1"EiE (3.5 () KEHH—H
BT 175 A/min, BERIEBOENTIYK I 40min L4 & BB A 400x10°T. Z /5 EBE
%, BEEEENSBRFARF, "EUAGERASNAE, ERENEENERR, KU
7 27min A4, REERBFERTE, WEEEE/LFATZEXERIEF, 3BT
R 2 L3 T %A R E R — N ERAIEM R RE . 4TRRE ZEABRREE DR
HIEE PR .
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EEATEMXERNE. FLACPRA T B R ES K R KRBT R85 FH 7,
FMATREBTEBEE, o DA AR R B R B8R WILEZEXTR,
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