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TMy6nukyeMbivi MaTepuas NpoJo/nKaeT TeMmy
unccsieqoBaHui, CTaBsILUMX LieJIbIO MOBbICUTL
MOMEXO0YCTONYNBOCTb XEJ1€3HO[OPOXXHOM
cnyxebHoli pagnocssi3n. PaHee
npeasiaraBLUNACS METOA KJINMMUPOBaHUS
Kacasicsi ogHOMNoJ/I0CHOro pe4yeBoro curHana (PC)
¢ YactoTHovi moaynsauueii (YM). Tenepb peyb
uaer yxxe o ABYXNoJIOCHOM CUrHase ¢ 6asnaHCHO
mMoaynsauyueii (M) n o60cHoBbIBaeTCs TOT e
BbINrpbILLI B 60pb6E c nomexamu, npuyem
aganTupyeTcsi KOppessuMOHHasi MeToauka,
no3BoJisiioLasi 4aTb OLIeHKY HEJIMHENHbIX
UCKa)keHuii npuy knunnuposaHun BM-curHana.
lNpexae noao6HON oLeHKN He CyLeCcTBOBaJIO.
AHannTn4ecku rnokasaHo, Y1o NnPUMeHeHne
mMeToaa oanNHaKoBO 3¢ PeKTUBHO ANs
OZHOMOJIOCHbIX U ABYXIMOJIOCHbIX PE4EBbIX
CUrHaJIoB: MOMEeXO0YyCTONYNBOCTb BbipacTaeTt
B 4,33 pa3a, ypoBeHb HeJIMHEHbIX UCKa)KeHUI
TOXe coBnagaet — 7,4%.

KnoyeBbie cnoBa: xeneaHas 4opora, paanocBs3b,
KAMnnupoBaHue, 04HOMNOI0CHbIV CUIHaIl,
ZBYXMOJIOCHBLIV CUrHaJ1, YaCTOTHasi MOAYSLUMS,
6anaHcHasi MoAy/IsILMS, KOrePeHTHbIV AeTEKTOP,
TOMEX0YCTONYNBOCTb, HEJIMHENHbIE CKaXEHUS.

NMoMexoycTOU4YnNBOCTDb
paauoCBAaA3U NPU KJIMNNUPOBaHNUN
0anaHcHo-moaynupoBaHHoro PC
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a >KeJIe3HOJOPOKHOM TPAaHCIIOPTE
BBICOK YPOBEHb MOMEX Ha JTMHUSIX
paavoCBsI3U U J0 CUX IOp TaM,

HECMOTPSI Ha 3TO, UCITOJIb3YETCS UCKITIOUM -

TEJIbHO Y3KOIOJIOCHAsI YaCTOTHAsI MOIYJIsI -

usa (YM). [ToaTomMy MoMeXoyCcTONUYMBOCTh

PaaMOCBsI3U Ha XKeJIe3HbIX JOPOTax He BCer-

J1a YIOBJETBOPUTEIbHAS, YTO MOXKET OTPU -

1aTeJbHO CKa3aThbCs Ha 0€30MacCHOCTHU

JIBUXEHUS 1moe3noB. M 3HauuT, Hamo BCs-

YeCKU CTapaThCsl MOBBILIATH TOMEX0YCTOM -

YUBOCTb, HAXOAUTH JJISI TOrO0 BCE HOBbBIE

MHXEHEpPHbIe peIIeHUsI U TeXHUYEeCKUE

cpelcTBa.

OBYXMNOJIOCHbIA CUTHA
C BAJIAHCHOW MOAYNSALUMEN

Kak usBectHO [1], MOMeXOyCTONYMBOCTD
aHaJIOrOBOI paliOCBsI3M OLIEHUBAETCST 0000-

IIEHHBIM BBIUTPBIIIEM CUCTEMBI, KOTOpI)IfI
2

m
a1 YM nipencrasiser g = 3? , Toe m —
ungexc UM, a k, — nukdakrop Moy IMpyIo-
wero PC. [lna peun k > = 10. Buano, 4ro as
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yBeJIMYeHUs g’ Halo yMeHbwaTh K 2. B [1]

MPEJIOKEHO 3TO AENATh 3a CYET IITyOOKOTo

OTPAaHUYEHMUS MO aMIUIUTYAe (KJIUMIUpPOBa-

HUSI) MOAYJUPYIOUIETO peyeBOro curHaua
(PC) nepenarymka, Kkorna k, yMeHbLIAETCA.

Boiurpeiil B TOMEX0yCTOMYUBOCTH
8w _ 10

OT KJIUMITUPOBAHUS ¥ =? =—7.

k

nKa

B [1]y=4,33 paza unu 6,36 nb.

Ho npu xaunnupoBanuu PC Bo3HuKa-
0T 3HAYUTEIbHbIE HEJIMHEHHbIE MCKAXE-
Hus. It UX MUHUMM3aLUKU KJIMITIAPYIOT
He HemocpeacTBeHHO PC, KOTOpHIi1 SIBIISI-
€TCS IIIMPOKOMOJIOCHBIM, a CPOPMUPOBAH-
HBIM 110 HEMY (DUIBTPOBBIM CIIOCOOOM OJI-
HOIIOJIOCHBIM (Y3KOIOJOCHBIN) CUTHAI,
KOTOPBIN 3aT€M EPEHOCUTCS B TOHAJIbHBIN
IYamna3oH 4acTOT MyTéM KOrepeHTHOTO
JNeTeKTUPOBAHUS, KaK IOKa3aHo Ha puc. 1.

Ha sTom pucyHke obo3HaueHo: M —
MUKpodpoH, MY — MUKPOGOHHBIN yCUITH-
Tedb, I1 — mepeMHOXMUTEJIb CUTHAJTIOB,
I1®d — nonocosoit puinsrp, OA — ycuian-
Tellb-oTpaHuuuTe]b curnaia; KJ — kore-
peHTHBIN AetekTop, NPl — mepematyuk,
A — anrtenHa. bioku IT u I1® ob6pasyor
(opMupoBaTEIb OAHOIOJIOCHOTO CUTHAJIA.
B xauectBe TP uCnosb3ylOT 3JIEKTPOME-
XaHUYECKME, Mbe30KepaMUyeCcKue, KBap-
LieBble (PUIBTPBI, KOTOPbIE UMEIOT KPYThie
ckaTel AUX, obGecrneunBas moaaBJeHUS
Hepaboueii 60KoBOI moJjiockl Ha 60 1b. DT
(uAbTPHI, BHIMYCKAEMble ITPOMbIIIICH -
HOCTbIO, pabOTalOT Ha HeCYIIel 4acTOTe
fH = 500 xI1 1 g9BIAIOTCS CpaBHUTEIbHO
JIOPOTUMMU.

M3BecTHO, YTO Y3KOMOJOCHBIM OBIBAET
HE TOJIbKO OJHOIOJOCHBINA, HO U ABYXIIO-
JIOCHBINT AM-curHan 6e3 Hecylleil, KOTo-
pbIii Ha3bIBAeTCs CUTHaAJOM OajlaHCHON
monynsuuu (BM). eiicTBUTEIbHO, CUTHAT
bM 3anumaer nosocy yactor Af, = 2Af =
2Af,.=2-3,1=6,2 k[u<<500 xI. [ToaTomy
1eJIeco00pa3HO MCKIIOUUTDH IMOJOCOBOM
dunpTp 1D Ha puc. 1, TOCKOJIBKY CUTHAI
BbM mMeeT MeCcTO Ha BBIXOJE MEPEMHOXM -
tensa Il. OgHako HEOOXOAMMO CTPOTO,
TO €CTh KOJIMYECTBEHHO, IT0Ka3aTh, YTO IIPU
knunnupoBaHun bM-curHana HenuHel -
HbIE UCKaXEeHUS OyayT He OOJIblIIe, YeM IIPU
KJIMUINHAPOBAHUU OJHOIIOJIOCHOIO CUTHAJIa
IIPU TOM K€ BBIMIPbIILIE B TOMEXOYCTOMYM -
BOCTH.
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Puc. 1. Knunnupyroujee ycTpoiicTso.

OLLEHKA HEJIMHENHbIX
MCKAXEHWUX NPU KNUMNMUPOBAHUN
BM-CUTHAJIA

Takoli oLleHKU paHee He ObLIO.

J17151 5TOr0 BOCHOJIb3yeMCs pa3padOTaHHOMN
KOppeISIUMOHHON MeTonuKoM [1] mist y3Ko-
MOJIOCHBIX CUTHAJIOB.

DyHKIMST KOPPEJISIIUA Ha BBIXONE CUM-
METPUYHOTO YCUIUTENS-OTPAHUYUTENS aM-
mnTyabl curiana OA Ha puc. 1:

B,.(7)=AR,(r)+ AR (7), (1)
rae R (t) — HopMUpOBaHHAsA GYHKIMS KOp-
PeJISILIMU Y3KOIOJOCHOTO CUTHAJIA Ha BBIXOIE

orpanuuuTess; A, — KoapOUUMeHTHI.
Jist BM-curHana

Ry, (7)=0,5¢[cos(m, +Q, )7+

+cos(w, —Q,)7l,

(2

rie p = 10° Iy; Q, =27F, = 2;;-4001’7‘”) ;

o,= 500 kly>>Q — Hecylas 4acToTa.
15 OMHOMOJOCHOTO CHUTHala
Ry (7) =€ cos(w, +Q, )7 . Henuueiinbie

HUCKaXEHUST OTPEICIISIOTCSI TOJIBKO BTOPHIM
(kyouueckuMm) crmaraembiM B (1). Cormac-
Ho (2):
R (r)=0,5 ¢ Mcos(w, +Q, )+
+cos(@, —Q, )z =0,5 ¢ M [cos’ (@, +Q, )7 +
+3cos(@, +Q, )7 cos’ (w, —Q, )T+
+3cos’ (@, +Q, )7 cos(w, —Q, )T+
(3)

B BeIpaxkeHuu (3) mpeobpasyem ciiaraeMble
¢ koaduumrentamu 3:
3cos(w, +Q, )7 cos’ (@, —Q )7 =

1+ cos[2(w, —Q )7]

=3cos(w, +Q, )7 5 —

+cos’ (@, - )zl

lcos(a)0 +Qo)r+lcos(a)0 -3Q,)r+
_4|2 4 ;
+icos(3a)0 -Q))r
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3cos’ (@, +Q, )rcos(m, —Q, )7 =

1+cos[2(w, +Q, )]
= (20 ») cos(a, —Q,)r=

lcos(a)o -Q)r +%cos(a)0 +3Q) )T+
+%cos(3co0 +Q))r )

IMockonbKy cnaraemsle (4) 1 (5) cymMmMupy-
10TCs B (3), TO X MOXKHO CTPYIITUPOBATh TaK:

%cos(a)0 +Q)r +%cos(a)0 +3Q) )+

+%cos(3a)0 +Q))r (6)
1 1 ]
—cos(w, —Q, )t +—cos(w, —3Q, )7 +

3] 2 4 .
+%cos(3a)0 -Q))r (7

JInst cpaBHEHUS 3alUIIEM B pa3BEPHYTOM
BUE MepBOE U YeTBEPTOE ciaaraemoe B (3):
cos’ (@, £Q )7 =cos(w, Q) 7e

1+cos[2(am, £Q, )7]

«cos’ (@, £ )7 5 =

:%cos(a)0 iQo)r+%cos(a)0 +Q)r+

+%cos3(co0 +Q)r.

[Mocie KIMNMUPOBaHUS Y3KOIIOJIOCHOTO
CHTHAaJIa CJIeayeT KOrepeHTHOE IeTeKTUPOBa-
Hue (puc. 1) a5 noaydyeHust KJIUIMUPOBaH-
Horo PC B ToHaJIbHOM JIMaIta30He 4acToT, YTO
HeoOxoauMo aJist padothl nepeaaTyuka [TP/I.
DTO 3HAYMT, YTO ITOC/IeAHEE ciaraeMoe B (6)
u (7) OyaeT MOJAHOCThIO OTGUILTPOBAHO,
a B IIPEIITOCI/ICAHUX OCTAHETCSI MEHBIIIE TT0JIO-
BUHBI TapMOHUK. C y4ETOM CKa3aHHOTO CyM-
My (6) MOXHO arMmpoOKCUMUPOBATh BhIpaKe-
HueM 3cos’(,+Q )t, a cymmy (7) — BbIpaxe-
HueM 3cos’(o,—Q )t.

Otclofa cliefyeT, 4To IepBoe claraeMoe
(1) — 2TO0 NBE OOKOBBIE MOJOCHI YACTOT HeE-
uckaxeénHoro PC, a BTopoe ciaraemoe (1) —
5TO JBe OOKOBBIE IMOJOCHl HEJUHEWHBIX
VICKaXCHMUI1 Kk, KOTOPbIC OMPEEISIIOTCs Kak

KOpPeHb KBaIpaTHBII N3 OTHOILIIEHUSI MOIITHO-
CTH HEJIMHENHBIX UCKaXeHui P Kk MolHOCTH
MOJIE3HOrO curHama P

ITpu BM MOIIIHOCTh HETUHENHBIX UCKa-
XeHuit P onpesesiseTcs nepBbIM ciaraeMbIM
(3) u cnaraembiM (6), To ectb P "+3P "= 4P’

Yurém koabdurment 0,5y R (t). Toraa
0,5.P" [P’

u ipu OBIT-AM.

Ho y (6) BO BTOpOM cjlara€MoM TOJIBKO
MOJIOBMHA CTIEKTPa HEJIMHEMHBIX UCKAKEHMUIA.
Hoaromy k\ <7,4%.

ITockobKy Mpy KJIIMITITMPOBAaHUM CUTHAJIA
BM wmoinHocTH pedeBoro curHaia P, u ero

HEJIMHEWHbIX nCKaxeHuit P’ Takue xe, Kak

U TIPU KIUTIITAPOBAHUHT OJHOTIOJIOCHOTO CHT-
Haja, TO TaKUM Xe OyIeT MUHUMaJIbHOE
3HaYeHME MMK(AKTopak 1 3HAYNT, MAKCH-
MAaJIbHBINA BEIUTPBIII B TIOMEXOYCTOMIUBOCTI
v =4,33 paza wnu 6,36 nb. Takoit 3HaUNUTEITb-
HBII BEIUTPHIII B TTOMEXOYCTOMYMBOCTH TTO-
JIy4EeH 3a CUET KIUATIITUPOBAHUS MOLYINPYIO-
mero PC Ha riepenaroleir CTopoHe.

BbiBO4bl

1. IMpennoxeno kunmnuposaTsh PC He ye-
pe3 OJHOIOJIOCHBIN, a Yepe3 ABYXITOJTOCHBII
curHai ¢ BM, KOTOpBbIii TOXKE Y3KOTIOTOCHBI,
HO HE COJEPKUT CJIIOXKHOTO JOPOTOCTOSIIIIETO
MOJI0OCOBOTO (DUJIBTPA, YTO YIPOLIAET KIIMTI-
MYPYIOLLEE YCTPOUCTBO.

2. AHaTUTUYECKU TOKa3aHO, UYTO BHIUT-
PDBIIII B TOMEXOYCTOMYNBOCTH MPY KIIUTITTUPO-
BaHuM bM-curHasa u 0OJHOMOJOCHOTO CUT-
HaJla OINHAKOB U cocTtasysieT 4,33 pasa npu

OJIMHAKOBBIX HEJIMHEWHBIX UCKAXKEHUIX B
7,4%.

JINTEPATYPA

1. BonkoB A. A., Kaprniosa I'. B., XKypasnés O. E. [To-
BBILIIEHUE TTOMEXOYCTOMUYMBOCTU panuocsssu // Mup
TpaHcmopra. — 2012. — Ne 3. — C. 30—33.

2. Urnaros B. A. Teopust unGopMauuu u nepegadu
curHaios. — M.: Cosetckoe panno,1979. — 280 c.

3. BepsyHoB M. B. OnHomosiocHast MOAYJISILIMS B pa-
nuocBsi3u. — M.: Boenusnar, 1972. — 296 c.

4. BonkoB A. A. CUHTETUYECKUII METOJ Mepeaadyn
pEeUYEeBBIX CUTHAIOB // DneKTpocBsidb. — 2004. — Ne 7. —
C. 36-38. ®

KoopauHaTbl aBTopoBs: Bonkos A. A. — aavolkov2009@rambler.ru, Ky3tokos B. A. — super-1990@yandex.ru,

MoposoB M. C. - raconteurs.mm@gmail.com.

Cratbs noctynuna B pegakumio 29.04.2015, aktyanusmposaHa 15.07.2015, npuHsaTta k nybnvkauum

18.07.2015.

® MWP TPAHCIMOPTA, Tom 13, N2 5, C. 80-84 (2015)

BonkoB A.A., Ky3iokoB B.A., Mopo3oB M. C. [loMmexoyCTON4YNBOCTb PaANOCBA3U NMPU KIUNMUPOBaHUN

OanaHcHo-moaynupoBaHHoro PC



STRENGTHENING OF RADIO COMMUNICATION INTERFERENCE IMMUNITY

BY CLIPPING BM VOICE SIGNAL

Volkov, Anatoly A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Kuzyukov, Vasily A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Morozov, Maxim S., railway engineer, Moscow, Russia.

ABSTRACT

The paper continues research aimed at increas-
ing interference immunity of railway service radio
communication. Previously proposed method of
clipping referred to single-sideband voice signal with
frequency modulation (hereinafter — FM). Now the
article refers to double-sideband signal with a ba-
lanced modulation (hereinafter — BM). The same gain

in fighting interference is proved. Correlation tech-
nique allows evaluating harmonic distortion at clip-
ping BM signal. Such an assessment has not existed
yet. Analytically, it is shown that application of the
method is equally effective for single-sideband and
double-sideband voice signals: interference immu-
nity grows by 4,33 times, the level of harmonic distor-
tions is the same (7,4%).

Keywords: railway, radio communication, clipping, single-sideband signal, double-sideband signal, fre-
quency modulation, balanced modulation, coherent detector, interference immunity, harmonic distortion.

Background. In rail transport, level of interfe-
rence to radio channels is high and, nevertheless, only
narrowband frequency modulation (FM) is used.
Therefore, interference immunity of radio communi-
cation at railways is not always satisfactory, and may
adversely affect train safety. And it means that it is
necessary to try in every possible way to improve in-
terference immunity, to find new engineering solutions
and technical means.

Objective. The objective of the authors is to
consider an option of clipping of modulating voice
signal, using double-sideband signal with balanced
modulation, which allows strengthening radio com-
munication interference immunity.

Methods. The authors use general scientific and
engineering methods, modeling, graph construction,
experimental analysis.

Results.

Double-sideband signal with balanced modu-
lation

Asitis known [1], interference immunity of analog
radio communication is estimated by generalized gain

2
ofthe system, that for FMis g = 3% , wheremis FM

14

index and kp is peak factor of modulating voice signal
(hereinafter — VS). For speech k pz= 10. Itis evident that
to increase g’ it is necessary to reduce k,f. In[1]itis
proposed to do so through deep limitation on ampli-
tude (clipping) of modulating VS of transmitter when
k & reduces.

Gain in interference immunity due to clipping is
y_8a_ 10

g kp o

In [1]vy=4,33 times or 6,36 dB.

But at VS clipping significant harmonic distortions
arise. To minimize them, not directly VS is clipped,
which is wideband, but single-sideband (narrowband)

signal, formed thereon using a filter method, which is
then transferred to the tonal range of frequencies by
coherent detection, as shown in Pic. 1.

In this picture following denotations are used:
M — microphone, MA — microphone amplifier, SM —
signal multiplier, BF — band pass filter, CA — clipper
amplifier of signal; CD — coherent detector, T — trans-
mitter, A — antenna. Blocks SM and BF form SSB
signal generator. Electromechanical, piezoceramic,
crystal filters are used as BF, which have sharp de-
scents of amplitude-frequency response, providing
suppression of nonoperating sideband by 60 dB.
These filters, industrially manufactured, operate at
carrier frequency f =500 kHz, and are relatively ex-
pensive.

Itis known that not only single- sideband, but also
double-sideband amplitude-modulated signal without
a carrier, which is called a balanced modulation signal
(hereinafter - BM), can be narrowband. Indeed, BM
signal occupies frequency range Af =2 Af =2
Af =2:3,1=6,2 kHz << 500 kHz. Therefore, itis advis-
able to eliminate band pass filter BF in Pic. 1, since
BM signal occurs at the output end of signal multi-
plier SM. However, it is strictly necessary, to show
quantitatively that at BM signal clipping harmonic
distortions will not be greater than with a single-
sideband signal clipping with the same gain in interfe-
rence immunity.

Evaluation of harmonic distortions at BM sig-
nal clipping

This evaluation has not been performed yet.

For this we use the correlation technique [1] de-
veloped for narrowband signals.

The correlation function at the output end of the
symmetrical clipper amplifier of signal CA in Pic. 1 is:

B, (r)=AR,(z)+ AR} (1), (1)
where R (1) is normalized correlation function of

narrowband signal at the output end of the limiter; A,
are coefficients.

A

M

o

Pic. 1. Clipping device.
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For BM signal
Ry, (7)=0,5¢ "[cos(@, +Q, )7 +cos(w, -7l , (2)
rad
T:
o,= 500 kHz>>Q  is carrier frequency.

For single-sideband signal
Ry, (7)=e M cos(w, +Q, )7 . Harmonic distortions are

where p=10° Hz; Q, =2 F,=27+400

determined only by the second (cubic) term in (1).
According to (2):

Ry, (r)=0,5" e cos(@, +Q, )7 +cos(w, ~ Q)] =
=0,5" ¢ [cos’ (0, + Q)7+

+3c0s (@, + 9 )7 cos’ (@, — Q) )T+

+3c0s’ (@, +Q) )7 cos(@, — Q)T +cos’ (@, - Q)] (3)

In expression (3) we transform terms with coef-

ficients 3:

3cos(am, +Q, )7 cos’ (@, Q)7 =

1+ cos[2(@, - Q)]

=3cos(w, +Q,)r 5

lcos(a)o +Qo)z-+lcos(a)0 -3Q,)r+
_3|2 4

+%cos(3a)0—ﬂo)r (4)

3cos’ (@, +Q, )reos(w, — Q)T =

:3{w}°"5(%-ﬂoﬁ=

—cos(@, - Q)7 +%cos(a)0 +3Q, )7+

+%cos(3co0 +Q))r (5)

Since the terms in (4) and (5) are summarized in
(3), they can be grouped as follows:

%cos(a)o +Qo)r+%cos(a)0 +3Q) )+

+%cos(3a)0 +Q))r (6)
o . -

—cos(w, —Q, )z +—cos(w, —3Q, )7+
32 4 :

+%cos(3a)0 -Q))r (7)

For comparison, we write in expanded form the
first and the forth term in (3):
cos’ (o, Q)7 =cos(m, £Q, )z
1+cos[2(w, £,
«cos’ (, iQO)r—[ (;)0 °)T]=

:%cos(w0 iQO)rJr%cos(a)O iQO)r+%cos3(a)0 +Q))r.

After clipping of narrowband signal coherent
detection takes place (Pic. 1) to obtain clipped VS
in tone frequency range that is necessary for
transmitter T. This means that the last term in (6)
and (7) will be completely filtered out, and in the
penultimate will have less than half of harmonics.
Taking into account the above, sum (6) can be
approximated by 3cos¥(w,+Q )1, and the sum (7)
by the expression 3cos¥(®,~Q )t.

It follows that the first term (1) are two side-
bands of undistorted VS, and the second term (1)
are two sidebands of harmonic distortions k,, which
are defined as the square root of the ratio of
power of harmonic distortions P,’to desired signal
power P..

At BM power of harmonic P,’ is determined by
the first term (3) and term (6), i.e. P,’+3P ’'=4P .

We can take into account the coefficient 0,5 for

R, (t). Then
0,5.p" [P’
> :/4—:147:k
0.5P, \P, Rt

the same as for single sideband-amplitude modulation.
But in (6) in the second term, there is only half of
the spectrum of harmonic distortions. Therefore
Kgy<7,4%.
Since at BM signal clipping powers of voice signal
P, and its harmonic distortions P’ are the same as

at single-sideband signal clipping, then the minimum
value of peak factor kpc, is the same and hence the
maximum gain in interference immunityy =4,33 times
or 6, 36 dB. This significant gain in interference im-
munity is obtained due to clipping of modulating VS
on the transmitting side.

Conclusions.

1. It is proposed to clip VS not through single-
sideband, but through double-sideband signal with
BM, which is also a narrow band, but does not contain
complex and expensive band pass filter, which simpli-
fies clipping device.

2. Itis shown analytically that the gain in interfer-
ence immunity at BM signal clipping and single-
sideband signal is the same and is of 4,33 times for
the same harmonic distortions of 7,4%.
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