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Abstract; The present experiment was carried out in Luotong Mountain Natural Reserve in Jilin Province, China, 2007.
We recorded and analyzed the echolocation calls of Rhinolophus ferrumquinum in different habitats by using Avisoft
Bioacoustics USG 116 and Avisoft-SASLAB PRO ( Avisoft Bioacoustics, Berlin, Germany). Our results showed that R.

Jferrmequinum occurred in diverse habitats in the study area, and their echolocation calls were significantly variable in
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different habitats ( one-way ANOVA, P < 0. 05). Vegetation, climatic and topographical factors were selected by
components analysis and the correlation between echolocation calls and these factors were analyzed. The results indicated
that although echolocation calls of R. ferrumequinum were all FM/CF/FM in different habitats, the parameters of
echolocation calls correlated to variable environmental factors; significant negative correlation existed between FM,
bandwidth and arbor height (r = -0.948, P < 0.05) , FM, bandwidth and arbor height (r= -0.825; P < 0.05), FM,
starting frequency and areas of canopy (r= -0.967, P < 0.05), FM, termination frequency and areas of canopy (r =
-0.958, P < 0.05), FM, starting frequency and air relative humidity (r = - 0.776, P < 0.05), FM, termination
frequency and air relative humidity (r= -0.875, P < 0.05), peak frequency and air relative humidity (r = -0.794,
P < 0.05), the pulse duration and average shrub height (r = —0.911, P < 0.05), inter-pulse interval and average
shrub height (r= -0.990;P < 0.05), respectively; significant positive correlation between peak frequency and number
of plant (r=0.756,P < 0.05), pulse duration and height below the canopy (r =0.870, P < 0.05), respectively. In
conclusion, many kinds of ecological factors (such as vegetation factor, climatic and topographical factor) could effect on
echolocation calls and made them diverse in different habitats, i. e. echolocation calls of bats had phenotypic flexibility and

eco-adaptability. These characteristics determined the degree of habitat used and the natural resources in R. ferrumquinum.

Key Words: Rhinolophus ferrumequinum ;echolocation call ;habitat ; environmental factors
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Table 1 Description the feature of different habitat types

L HE R AERRE AR

Habitat Abbreviation Detective nights Habitat type  Habitat feature description

METHFWEHNRER, B FEARMERZE, FIHEER 2%,

%ﬁi?ﬁoad-leaved CBW 15 Clutter T5F 60% ~85%  ERMFA LM (Frasinus rhynchophylla) FHB
woodland ( Phellodendron amurense) .¥ER ( Quercus mongolica) . & AR, ( Acer mono
Maxim) FHy (Ulmus japonica) TN (T. amurensis )

5 WIRR omw i e PESHIE EERTARES KT ERMA, Y 7%,
Open broad-leaved woodland B140% ~50% , FERFEIEMP EARER R
ot - e T Laris gmellin Rupr ) BRSSP RS 10m RS
Coniferous woodland Ba— SEEREFE 51% , TG0 44. 4% ~56% BbkHb
R . o FED25% SRR 25% BRI AL, T 68. 5% T
Mixed woodland T 44.5% ~84%

. NERBFETEN, 2K 4km, i A, RATL T WM THAKE. b
/M2 Stream S 12 Open B 2N B i B AT B
5 Pond . - o RABSATIFGN AR08 LA, 25 AT 8

i EBATHAMGE, TR 708m
i . FRELERS E, Kh AR e, E AR, & E

JE R & Resident site RS 10 Open WA TR, P 1R 696m, 1 630 ~814m
— . 0 open | HESEMIRIEIA S0 AR LRRAAE AR, B TR

¥y

1.2 B g R R 500

H % J5 /N e W 08 1 3l Ve DA PN 7R [R) AR 35 Th R B R A R BEA T8 PR 2R, BB SR 7 5 i JE]
{REZE 3h DA b, (SRR IR MIY Avisoft Bioacoustics USG 116 ( Avisoft Bioacoustics, Berlin, Germany ) SZi¢
T k3G KB 7 I, SRR 250 kHz, 43383 16 bits, M )75 Bk B E BAE BRI B9 2B i A v i
B, ARIESEIRBER R ER M, B A KRR RE

KR £ 7S BT B8 ( Avisoft-SASLAB PRO, version 4. 40 ; Avisoft Bioacoustics) 234775 I, 7T N B H
FE A1 ( Spectrogram) (1B % ( Hamming) 3477 ) | B 3838 B [&] ( Oscillogram ) 1 §& & 1% &l ( Power spectrum )
(FFT =1024) , M ISHEHE B0, FERWN FM, ( RATTRBER 2 ) A% FM, 3 58 FM, 82
] JFM, (P ATTRSER 73 ) 42 1L AR FM, 0T 98\ FM, 3R 2 i [R] | CF (AELAR ) WA Jk 4= 46 B TR R ik o 16 B , 404
BARLIEHME + bt (Mean +SD) , BAFH BN ESPEEHE WIBHE R BRI MZ IR BRIEL, B2 H
FRARERN BRI S A RIS EN I EERDY , B ksus2asEzRmagm " EHit
TR B B, I HHER B BT 5 A PSR B ke
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BFOEMEEAYL (DLE-50, o E LR U BFF AR (m) (FoAR
AT RE(m) PR R (m) KRS (m) s HEYIE
JBorHr A (CI-110, o E AL ) 9 2 b Z A 4R &
(% ) s B R ETEARR (m) AR (m) s HE SN E
BE (°) Fdg , FRIREAAL(GPS) MEFHRHER
AR (m) MIZ AR s FF LR 55 AR P4 R S A FRAR AT 1B A
REWEEH, EERBOVHE T IR SERBZ AL,
R AR/ J2 T (SW40-RS-05,  EHII) A2 /Mt ic

Main roost

FRM B BRI () FIZS SRR (% ) , A cBw
FR R (DEM6 , L oo ) Y8 5 B SRR 1 e 155000
2m KR (m/s) FURLT

1.4 GiA

B 1 PIRKEARLEEREDR R
> N 22 fe ey 2
%‘IJFH SPSS14.0 gﬁl‘l‘ﬁﬁﬁ’f*‘d‘ﬁ@?mﬁ[.? {ﬁp Fig. 1 Sampling sites scattergram in different habitats in research

B E R A= (Mean £ SD) , FIFBER T E ..
(One-Way ANOVA) A5t AFAE IS E A 5 IS A R sampling site; @ F S H: Main roost; CBW; HZ< i
ﬁjﬂfﬁ‘ ﬁ%‘ﬁ%ﬁ%}ﬁﬁi@ﬁﬂﬁ gi l:lﬁﬁ‘ s ;Fljﬂq * ﬁjﬁﬁ» #k Cluttered broad-leaved woodland; OBW ; T} j&H-#k Open broad-
ﬁﬁ( PCA) ;5“7? E%/‘?fj?g?ﬁ B‘J%ﬁ%@'—ﬁijﬁ;’sﬂ leaved woodland; CW; 4}m#k Coniferous woodland; MW . &} iFiE 32
AR HIRIET SRETARIPET R E R gy [0 ol T IR Bl SR S 15 R
il Pearson G407 1% SR B Z MR I, 425 B T
FEEEHNFERTFRITSEFSEBEMNFEENXR.
2 H#FE
2.1 REAERDERAG KR B 75 2 A 7S JARE

S3T R O [ A= 55 rp Th 4k 45 Sk 4R 8] 75 5 L 75 3 o8 RO - 1B - R AR AU (FM1-CF-FM2) , BA 3 MBI,
RREREPES EHK. ARERPDREGLBHRSEMNFRESHER W EKER(P<0.05) (%
2; B 2) , FEE SR 2R I N 18] 75 8 7 75 5 B S DA 2 W I , 75 Jik o e 452 B TR0 R fik o ) R o2 ¥
/N FEFE ot T ] B4 A 3 v T 4k 3 S U [B1 7 S A8 75 U A IR SR LA X 28 T 5 DA A X B kb ik 2
A )RR PRI S ARAE o RE S, 7ERE RS B 209 A4 B vp AR R RO T FUE Y R IE B P (5 5 . AR R
Hr—ANSERR A 7 K B 7 Bk AR BT A 40. 17 ms 3] 67. 23 ms A8 4k, kb 6] B% 59738 L 0B B 35 16. 49 ms, i
BRAE AR A B P B RAMRIR R - B 2= AR > /NE > £ IRTRITHR > TR AR > §HAR > 58 > B R >
¥, TERS TR A S/ NEAE RN A RS BEY RIS B 2,
2.2 ARAESH R E A S £ BT

BEREA IR AR 5% Th 4k 48 3K 4R [0 75 8 1 P I A S HOHEAT E L300 (R 3) , N E B T & B S 3 E
FERMAEGEEBRRRETH, E—E R RRZEET 60.8 % ,F—FHHh&EFHE BB EELE
K, BISE N B ESHE FAENYARSGE TRIFNSE, ARAEPE - FRSBTEEBEER (Fu
=10.27,P < 0.001) , £ERSNEIEAFREEPHZR SR B EMFESHNER -3 RELEF
FIAR 43 B tE tH R B B (1B 3) , BT AR W5 00T 30 2% B < (0178 58 6 75 e B 307E AT I B 8 2 O A IR A 3 Hh i 7540
HFE—ENES REXLESHESIT LEAREER,
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Table 2 The parameters of echolocation calls emitted by Rhinolophus ferrumequinum at different habitats ( mean + SD; results of One- Way

®2 DHFEIEARAEREAEENAESHREARRTENER

ANOVA)
T Sii) FM, IF FM, BW FM,D PF FM,TF FM,BW
Habitat (kHz) (kHz) (ms) (kHz) (kHz) (kHz)
CBW 55.74 +1.12 13.64 +1.14 3.14£0.39 69.38 +0.66 57.36 £1.10 12.02 +1.22
MW 57.21+2.49 10.54 +2.74 2.88 £0.62 67.75+0.32 58.22 +2.66 9.53+£4.23
OBW 57.45+1.12 10.16 +£2.45 2.84£0.29 67.61 £0.92 59.52 +3.95 8.09 £2.51
CW 57.33£2.72 10.11 £2.35 2.79 £0.25 67.44 £0.73 58.56 +2.71 8.88 +3.30
R 58.25+2.85 8.87 £1.94 2.70 £0.62 67.12+0.73 61.20 +3.55 5.92+2.28
RS 57.59 +2.46 9.48 +2.92 2.75+0.48 67.07 £0.33 61.44 +2.62 5.63+1.94
59.49 +2.37 6.85 £2.30 2.62+0.48 66.34 +0.92 61.49 +2.49 4.85+1.23
S 56.08 +2.72 11.99 +2.67 2.90 £0.55 68.07 £0.72 57.77+1.74 10.30 +1.81
DF 7 7 7 7 7
F 7.612 6.781 2.02 149. 761 15.119 7.113
P < 0.001 < 0.001 < 0.05 < 0.001 < 0.001 < 0.001
ARl FM,D PD IPI 3HPF 1HPF N
Habitat (ms) (ms) (ms) (kHz) (kHz)
CBW 3.27£0.45 40.17 £7.09 34.19 +6.49 102.52 +£0.63 34.18 +0.10 69
MW 2.54+0.44 53.72 +12.57 37.04 £6.59 101.10 £0.42 33.73 £0.29 48
OBW 2.41£1.26 58.05 +11.19 39.72 +10.11 102.24 +£0.40 34.15+0.17 46
CW 2.50 £0.57 57.20 £11.35 39.92 +12.13 101.83 +0.67 33.98 +0.25 49
R 2.18 £0.70 66.64 +6.58 46.03 +£9.04 100. 10 +£0.86 32.99 +0.28 54
RS 2.16 £0.69 66.91 +9.14 49.65 +5.21 101.32 +0.43 32.52 +0.18 57
2.11£0.86 67.23 +7.04 50.68 6. 14 101.18 £0.22 33.86 +£0.22 34
S 2.82+0.42 53.20 +£6.27 36.48 +6.77 103.85 +1.60 34.77 £0.16 160
DF 7 7 7 7 7
F 7.097 79.979 17.680 12.233 212.144
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001

FM, B #5452 FM, initial frequency (FM,IF) ,FM,# 3% FM, bandwidth (FM, BW) ,FM, 42k} B FM, duration (FM, D), & peak frequency
(PF) ,FM, % 1| 45i%& FM, terminational frequency ( FM, TF) ,FM, 35 5% FM, bandwidth (FM,BW) , FM, 5 £Ef ] FM, duration (FM, D) , ik w3 &eRy [A]
pulse duration (PD) , jk#[F][E inter-pulse interval (IPT) %5 = IESR peak frequency of 3™ harmonic (3HPF) , 45— &SR peak frequency of 1%
harmonic (1HPF) , ik ¥ %{ number of pulse (N), & Z4§gH #k cluttered broad-leaved woodland ( CBW ) . F7F & & P #k open broad-leaved woodland

(OBW) 414K coniferous woodland ( CW) 41 1B 35 Hk mixed woodland (MW ) Y38 pond (P) ./ stream (S) . JB R K resident site (RS) . 5H
rock (R), BZE/KFJH 0.05 The significant level is 0. 05

®3 ASFEARRSHARSBETREER

Table 3 The component matrix of the parameters of echolocation call

PS8 Call parameter 1 A F&8 7745 % Component matrix .
FM, #IHJRZR FM, initial frequency( kHz) -0.416 -0.369
FM, #% FM, bandwidth(kHz) -0.807 0.239
FM, #:£it[A] FM; duration(ms) -0.316 0.495
&4 Peak frequency(kHz) 0.599 -0.484
FM, % |l 7% FM, terminational frequency( kHz) 0.877 0.192
FM, %35 FM, bandwidth( kHz) ~0.785 ~0.380
FM, F§4ER[H] FM, duration(ms) -0.658 0.318
Bk w3g42 Rt H] Pulse duration(ms) 0.741 0.538
Jk I Tnterpulse interval(ms) 0.615 0.598
FHAE % of Variance (% ) 60.8 20.4
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Fig.2 The differences of echolocation call of Rhinolophus ferrumequinum in different habitats during search flight
CBW . § Z4fgH#k cluttered broad-leaved woodland; OBW ; J¥{& Rk open broad-leaved woodland; CW ;4 F#k coniferous woodland; MW . 41 F
JRAZHk mixed woodland; P Y38 pond; S:/ME stream; RS:JE R & resident site; R: 54 rock

2.3 RFEAESEEE M ESHEE T HX R0

XHAEXT R 2
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HIAESR R SN AEE F#HAT EBG 5 (R 4) , BB R Z AR RS TN EZEF,
SR, EER T8 3 A FERBG, B3 A EBGH BT TR E L /A 99.994% , e R AR SE )
RIHE, B— WA TBRE N 52.586% , HH5E T @ SMEERANTTEEFRET RPN LEXTEEK,
R T ZRAK b B S HRRAE s 55 — 3 A4 B T 30T AR B B 1 B SR R R B, 53 2 B 4 2 A 35 19 23 TR B
A0 5 = E M P EF 8 RPLEXHER SR FHEARR, BT P T RER REHRE, B, %
BETE AEER IE  EHEARE A ERECX 5 NS URFREBHIFERE, ¥X 5 M55k
A B P B 51 75 R 67 75 S S HUAE Pearson AT KW E BEMRE (K S) .4 REW . FM, A1 I, RS
FEAE (r=-0.948, —-0.825;P < 0.05) .FM,FI55REM FM, & [F AR SHEER (r = —0.967, —0.958;P
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< 0.05) | Jk iy S (6] A1 kb IS5 PSP AR (r = —0.911, —0.990;P < 0.05) X2 BEFHR; fkbds
Zeif 1S5 TR (r=0.870,P < 0.05) S-SRI (r=0.756,P < 0.05) REFIEMX,

A3 250 Habitat
O Btk

Cluttered broad-leaved woodland

® jibdE Pond

& JTiE R Ak & /ME Stream
Open broad-leaved woodland
NESE N A [FR )5 Resident site

Coniferous woodland

O HERI
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25
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©
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<
-
=25
© 1 1 1 1 1
-6.0 4.0 -2.0 0 2.0
PC1

B3 DEAKIEA R R E AL I E B i i R o il
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Fig. 3  Scatter plot of first principal component scores vs. second
principal component scores using all call parameters of Rhinolophus

Jferrumequinum ; Principal component scores are marked by different

habitats

F4 ERRTFSUESEAFHEER
Table 4 The ratated component matrix of the vegetative factors

34&H F Environmental factors T B4R Component matrix
1 2 3
5 7 Height below the canopy 0.983 -0.103 0.151
FRFEEFR Areas of canopy -0.977 0.170 0.127
575 Arbor height 0.937  -0.308 -0.164
A Wind speed 0.919 -0.393 -0.016
B3 Chest diameter 0.916 0.400 0.036
3 & Slope gradient -0.801 0.278 0.530
AE AR E Number of plant -0.036 -0.980 0.366
3 7] Slope direction 0.196 0.930 -0.027
53R Altitude -0.308 0.892 -0.330
B Herbage height ~0.673 0.734 —-0.094
{R /& Temperature -0.447 -0.635 0.630
359 AR Shrub height ~0.001 0.077  0.997
2= EHFHE E Humidity 0.256 -0.336 0.906
#B & Canopy cover (% ) -0.456 0.333 0.825
FHAZR Variance explained (% ) 52.586 32.012  12.396
RITTMRE Cumulative proportion of o, (o0 87.598  99.994

variance explained (% )
BRI ERT O, R T AT R AERE  Extraction

method; principal component analysis; Rotation method; maximum varimax

®5 EAEMREESHSEFETFHEXSH
Table 5 Correlation analysis between echolocation call parameters and vegetative factors

FESH iy BT MR ER ERF HHBHREL
Call parameters Arbor height  Height below canopy Areas of canopy Shrub height Number of plant
FM, FIHJRZR FM, initial frequency 0.626 0.675 -0.967* 0.458 -0.456
FM, # % FM, bandwidth -0.948° -0.710 0.673 -0.276 0.571
FM, #pZERf(E FM; duration -0.062 0.040 -0.063 -0.237 0.747
IE47 peak frequency -0.817 0.721 0.798 0.213 0.756 %
FM, % |- JR%R FM, terminal frequency 0.391 0.448 -0.958* 0.558 -0.467
FM, 7 % FM, bandwidth -0.825° -0.530 0.441 -0.436 0.556
FM, ¥p4EH}E FM, duration 0.179 0.085 -0.247 -0.691 0.294
Bk rh3r4ERT ] pulse duration 0.753 0.870% -0.842 -0.911°% 0.314
ik [BIF% interpulse interval 0.621 0.698 -0.721 -0.990* 0.397

Ferh Bl JAE32 R E The values in the table are correlation coefficients, * P <0.05

Xt 8 A B AR WP HTEMS T (R 6)  BBUHERE T, #I 3 HEE 1 Rt R
F1% 83.021% , 55— B B R T ET RPN AXHER R H BRI , B SERY SURKHE ; 55 — E o+
B 7 R A IHEB R BRI, KB T A SR MDA 5 26 = 32 B o3 i) B 7 3T R AR EEL A,
X R SRR I, B, BORE MR IREX 3 MESEOTURRER B BRAMIPE R, #x
3 NSRS R AT B E A5 BB HAE Pearson HSCHT KRB BE MR K, 45 R[WBE S FML &1
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PR FM2 28\ F SRR A B 35 FE SR (ISR R B 2 -0.776., —0.875 F1-0.794,P < 0.05),

F6 SEMMEETFSENSBFREERE
Table 6 The ratated component matrix of the climatic factor and topographical factor

FBUUEE Component score coefficient matrix
1 2 3

& 5#IEE T Climatic and topographical factor

JA# Wind speed 0.044 0.499 0.326
{2 /& Temperature 0.210 -0.274 0.254
EE MR E Humidity 0.521 0.110 0.031
¥R Altitude 0.045 0.525 -0.167
3 ¥ Slope gradient -0.496 0.012 0.251
Y 7] Slope direction -0.158 0.027 0. 667
Fi#k 3 Variance explained (% ) 36.171 26.554 20.295
211 B Z Cumulative proportion of variance explained (% ) 36.171 62.726 83.021

BRI R ERSON, RE TR T ER KR, Extraction method; principal component analysis; Rotation method; maximum varimax

3 itig

PRI P A P i AR SR FIE N R R, W5 BAREZ AR, i MAE R FREREEHIER. N
F I S [ W BLAEAS [ A A ] SR IR A TR, T R R R e M R RS IR A B EE R
(BCXIREAR ¢ K38, P EB/NTF 0.05)  BUAR R A A =AM . BFAMF 5T o2 SaiR 09 v 2L BT A 2L G B0, 4h iRk
JAR B 1 75 S o 7 T DA SR A B B 4 A A B EF AR ST FE R R A B vP BEAT T R B RO SRAE (FERAE 98 4
W, il 419 AN fkop) , KEEARBRFET LMEMEAZ R IF MERIRIK. RTEIMRIERS =B, M E
75 X P AR BN L 3 T8 — M, B e B SMIT 5 vb HE B PR 1] 22 S (RS0 — Il i i)
i FL, 26 Fl— A= R ) ME R P I 2 B R R R A P R MR 2 R EBME L1 R A e [E 75 <
FERSEM AT ERN(FR2,R3) , ARERS EFEEMFEEAAEZS, EHEM L EFRSHIER T, 207
AR AR N EENRERZR SERERTFHIXRR,

3.1 DEkE5KIE I E AL S I M 5 R R AR S 451

i 58 [ 7 o7 P IR U P G 5 M T DAZEAR ORI b R B L S e AR R A AR . PR R ML R
A, ot R T AR S0 R B 2 3 T 4k 35 K B8 R B B i) 181 75 1€ o2 P i R LAE 3 ( CF) Y 75 05 £, CF
ZBIHE EH A SRR 4, RER S RER R HTE CF #a, XA (5 S 7T LA n H T 38 SUBA: AIX AT
EYRENRE S o o EFRESRE A GOE 0 T B0 BB, Wi BLAR #E T /By kA g e g L NS
RUGTEA R A= 5% v HL BT 75 8 A P U B B AR S g AR B, (B 7R 5 L W3R Jk b dep 82 i I L ik b TR PR S R B2 R P9 %
S EHAEDBENZN(FK2) , X2 T LIE I B € A B F RV 5 2SI RS
HEERIEER R,

FEHPIELE S EM A2 SN E R R REYFHHEE T R AR EEREYRMLRE ¥,
IEMTBAER —F, DY KIBEAR A BB EMNF RS S FERNERREFERE LR, fEMHEXTFERN
A 38 vh T 435 SR B AU B AR VR AT 194  RET X 194 fik w52 B R ik o 1 9 ) [ 75 7 75 38z , 3K W) LA 3%
TS PRI B VR PR R A K S . XRME S S 52 WITH R WIRIEREMES ML, X
MERAE—EHEE LR T EMNZANRERET XA . EIFREES,EWH BN AT TERKRI S, &5
B EGE, 8 T HE Y E IR R EANAERPAHE A KEBFRINGS, KESHENES UK
15 SR mtIa]  AH 5E R B B VSRR 40 St A ) | BT DA TE T W) A 35 T 0k 3 3K 5 0 [ 75 2 02 78 e A MU 2
PIHHE . RAFRT , SHEMNEYHEREREARFELRS  AMBREBYNELTRIEN TR
IR FRRE B, ARG SRR B 2R B R SR T AR EAERBNES .. RENGSEE
i A & P R ] B A At R B A RS B Rk R PR R T IR IR RS B TT R, 23R
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T35 SRR AT SR B R TR AR B, X R B T iRIB R 2k AR BRE S .
3.2 AREREFEEMBERSHAERFREN XA

R Z 7 (A 1 A1 BB 45 0 02 ) S 2% B X i 0 1 75 2 7 B ALE A S8 R0, SRR B X A B8 ) R 1 B
e R PR S A0 TR LAY 2 I B 4 M £ 4 W S SRR AR 0 O B AR, A L 8 A 1 AR 2 2% ] [ 7S E A
P, RERE I R I B I AR R AT B RS B R B T AR AR, A S L S
B SIS A BRI F R R 7 T 0L B 75 5 2 75 BRI S S5 M AR A TR SR A A e . FM, A FM, 7
RERAR FMEHARM FM A IR SHEHRE B EAHEK, FHRARREMMEE RN ELST]
R AR BEER, R LR S RIS E 248 5 DL R B 75 A5 5 X 3R 5 A S P el A i
Km0 3F HEE A A A S EVAA T AR N B iR E MRS EE R EEE XY, A
VBRI SL 40203 08 T B B Ak A 3, b B E B R RS shig e AR AR T 4
B IR R AR, MR A A A B A Y A2 (Rl AR SRR e, ORI AU K B R T k3
SLIRR LB AFRR . BT AT AR R AUMROGR D FR B RN B R T [B 75 6 75 U O SRR AT, Th 4k 3 S48 LAE A
PN E, AR AR E K, FM, 2 16 57 FM, 28 1F SRS, 5 SRR SR , X454 5 30 3R 04 34 b st A
Kot TEAEXTE 2R 5, B R AR A SR R0 FERE AR HL R 75 S P 28, BB IRE B st SR R BE B O
frfn BAR SRR B o

EHEARE MBS EOREREEAMEENEER, BRI DS LIE LRI AT T &
BRI KT XS DAL BB LA X BAMIEE T, DS LEN VT EE R A
H1.5~4.5m 3FEMEBNEWHBREES . FESTERREE1.29 ~2.51n 2§, EREEEREHEE
BB, R E YT EER R, FEE T REELE 3.94 ~12.07m, 55 F &# R, FkopRegnt mik.
B 7 SE A P e T 2R B, 2 2% W AR R bR R e 1R] 55 Jikovb (B BR AR R B /N, R IR A SR B 2% AR T & R
ARAFEARMN: 72 I E P TR, TE T 0SBt BG4, BT LA 4858 75 Bk rpRE SR 18] 55 ko R1 PR, — 2
T EREFMES, 5 —HERN T BN R TR B AR 2 G B

oo 380 R YR B R e T SR A S B A A R B A ST B B Y o /NS Rk M B LA T B
IEREAERERNESN, TREEH TAENFZRRBE T RIFMAETERSE, B8RS gk L HaENESR
FEHE. MEARMBEHREETHERNE RS MR, XM 4455 308 & TR 8 0 AT M9
B AR RS AMUEE M AP, R EHEBR K 8 T4, 5 B A X T I A= 3 b Tk 48 Sk i i
VST K ik i r 62 e 18] 55 Bk vb TRI BB B /N TR BSR4 B9 Bk b R 52 1 1) 5 Jok vk 1R B 5 4 S 9 R B AL TR
DL

B RS ARSI R B TE— E PR BT b M [B1 75 E M A I 51 1™ . AR R, R R A XHE
SEEEMPER FM1 R FM2 & F SRS g 2 82 AAHK, B A SO XHE B 575 B AR S5
TEBHA K. Heller F R A EA TRAEPH LG HAERBAE PR KIER HHEN T EREERN
CFU, AAXIEBIB AR B BB S B 15 5 BB R S S0, 3 ELH SR B AR 5 S b Ak 25 T B F R B 58 00 25
VB B/ , DA TG B2 S B ) S B4R B8 1 % o L i 7 AR S B BRI e B A X B TAR B FR38 , 3X 1
R SRR T RSN R BB,
3.3 [IFEENERGHIHE S EREN XRESE XL

I8 75 S f P e R IE SR RS (LR R SR M) BE REEADT . Wi w2 A s
HIBEL IR AR ARG SAEBIEN ™ . SRR T RIBAEFN SRR EY, K 2 WIBHNT 5 R0 R
EABRIEFENMEX MELHEMNHEIER: DFENFHEEANNEZRF KRBT A BFMEN2
Splo2em.9.3] - E R g R KBTI H ) B0 IS A B B R E S A A S AR Y . mX&
PR ZMBELR S RIS, AR R 3k AN SRR S (HTE [ 75 BOK TE RIS ) | Smig 2E 4k & B e T
(jamming avoiodance ) FI SR , 35 K Bt A BB AR LA E Y Bl S 15 8 I S A B B2 5 I E Bk
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DL . e RIERRG B AR SR RZR - RHERHME LT AR RA U AR : (1) B iR A S MR
i[RI BT 7S B TSR REAT IR (2) T3 20 W PR B AR il SEE T 915 8.5 B) R RA M LE S
SR YR Z R BRG] (4) 88 — & & IR B PHRE R HERRNTEE. 82, Wi E e A
P RA B AT B A S N R R T R S SRR SRR A L R O T BB S AR, [ i S o T 2 A R DR
FoA= ) P B B 0 e B BB R B BE IR
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