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Y poGori omucaHo pe3yabTaTH iMiTaniiHoro MojgejaBaHHsi y mporpami Matlab
NpUIiMAHHS CHTHATIB 3 KBaJpaTypHUMHU BuJamMu MoayJsiumii, 3okpema OQPSK, 3a ymoBu
BUKOPHCTAHHA MOIH(IKOBAHOI0 JeTeKTopa (pa3oMOAY/JLOBAHMX CHTHATIB. Y pe3yJbTaTax
HaBENEHO 3aJIEJKHOCTI BiTHOMIEHHS CHMTHAJ/IIYM 10 WMOBIpHOCTI mMosiBH 0iTOBOI MOMMJIKH
MO (IKOBAHOTO AeTEKTOPA Ta KJIACHYHOIO AeTeKTOPa, HA OCHOBi 40ro 3p00.,ieH0O BUCHOBKH
110710 Hi0T0 e(heKTUBHOCTI.

Kawuogi ciioBa: OQPSK, Binnomennst curaan/mym, BER, Simulink, M atlab.

Yu. Bobalo, A. Bondariev, |. Maksymiv
Lviv Polytechnic National University

DETERMINATION OF ACCEPTABLE PARAMETERS AREA
IN MODIFIED DETECTOR OF QUADRATURE PHASE
SHIFT KEYING SIGNALS

© Bobalo Yu., Bondariev A., Maksymiv |., 2015

This paper describes the Matlab simulation results of receiving signals with quadrature
modulation, such as OQPSK, using modified phase detector. As the result, the BER-to-SNR
diagrams were presented for modified and classical detector. The conclusions about its
effectiveness were made. Ther e are new methods of modulation signals that allow effective use
of the frequency band, and communication systems (eg.trunking) that can effectively
distribute the network traffic. However, further development of communication systems is
limited by threshold SNR, which is one of the determining factors for the calculation of the
capacity of the channel. This paper shows the possibility of increasing noise immunity and
capacity of modern cellular communication systems and trunking communication without
increasing transmitter power. The improved PLL resistance to noise without changing of
dynamic properties is implemented using a modified synchronous phase detector. The
proposed scheme of modified PLL device differs from the classical analogue by the narrow
band pass filters, placed before the detector, and high-band filter after it. The simulation
processes of detection OQPSK signals which were used in modern systems such as cdma2000
were made. For as close as possible to the real analogue, the phase detector in imitation model
was implemented with levelling filters. These filters are used in communication systems to
reduce intersymbol interference that occurs in the digital channel. Research was carried out
for the case of signal detection by classical and modified detectors. The aim of the resear ch was
to determine the bit-error rate (BER) in the received signal at a particular value of SNR. The
obtained BER-to-SNR values for the classical phase detector were compared with similar
ratios given in the open literature. The research results show that modified detector is more
efficient than classical detector due to its higher noise immunity. As a result of simulation
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model of the modified detector research in Matlab program the recommendations for selecting
detector filters parameters at high noise level were made. This makes possible to use them in
the designing of modern phase demodulators. The modelling results show the potential for
increasing the efficiency of existing cellular communications that use complex types of phase
modulation with no additional energy costs. The results of modification using narrowband
filters before detector of OQPSK signals can significantly improve its noise immunity and
ener gy efficiency.
Key words: OQPSK, signal-to-noise ratio, BER, Simulink, Matlab.

IMocTanoBka npo6JieMu Ta ii 3B’ 130K 3 BaXKJIMBHMH HAYKOBHMH 3aBJaHHAMU

3 MOSBOKO KOMIPKOBOIO 3B'SI3KYy 3’ SIBHUJIMCS ITPOOJIEMHU PaIliOHAIBHOIO BHKOPHUCTAHHS Pajli04acTOTHOIO
CHeKTpa JUIsd 3a0e3MeUeHHS SKICHUM CEPBICOM BEIMKOI KINBKOCTI MOOUIBHMX aOOHEHTIB. OcCTaHHIMHU
pOKaMH PO3BUTOK chepy OE3MPOBIIHOrO 3B’ A3Ky HAOYB HIMPOKOro Maciiraly, M0 CIOHYKAJIO PO3POOHUKIB
panioobnagHaHHS NIYKaTH HOBI MUISTXH BUPIIICHHS MPOOJIEMHU pallioHATBHOTO BUKOPHCTAHHS BUILJICHOTO
YaCTOTHOT'O CIIEKTpa. 3’ SIBUJIMCSA HOBI CIEKTPaabHO €(PEKTHBHI BUAM MOIYJAILII pagiOCUTHAIIIB, a TaKOX
MPOTOKOIH, SIKi HaJal0Th MOMIIUBICTh ePEKTHBHO PO3MOAUITH Tpadik y Mepexi 3B’ s3Ky. OHUM 3 KITFOYOBHX
napamerpiB, KU BUKOPUCTOBYIOTh JUIS OIIHKHM KaHATy 3B’ 53Ky, € BigHouieHHs curHaia-yM (SNR): 1o
MEHIIIC 11¢ 3HAYEHHs, TO Kpallle, MPOTEe 32 YMOBH 30€PSKEHHS BIIIOBIIHOI SKOCTI 3B’ 13Ky, TOOTO MMOBIPHOCTI
npuitHATTs nomuikosoro 6ira (BER). 3anexuicts BER Bix SNR € KIH040BOI0 XapaKTEPUCTUKOI KaHAITy
3B’ 13Ky 1 ONTUMI3AILiS Li€T XapaKTEPUCTUKU € BAXKIIMBHM 3aBJaHHSM JUIS CYy9acHOT HAYKH.

Y poOori noka3aHo MOKIUBICTh 3HIKEHHS SNR 3a 30epexennst HeoOxigHoro BER 3a gonomororo
MomuGikaiii JeTeKTopa padioCUTHAIB, a TAKOXK MPOBEACHO ONTHMI3AIlil0 MapaMeTpiB QUILTPIB Y BOMY
JICTEKTOP1 Ta OTPUMAHO 00J1aCTh PEKOMEHIOBAaHUX MmapamerpiB ajis curnaity 3 OQPSK-monyisitiero.

ImiTaniiini Moaeni nocaiTzKyBaHUX CUTHAJIB Ta MOAU(IKOBAHOI0 IETEKTOPA

VY Teopii 3B's3Ky KIIACHYHUM KPHUTEPIEM SKOCTI CUCTEMH 3B SI3KY € TOJIOKEHHSI CUCTEMH BiTHOCHO
kpuBoi IlleHHOHAa — imeanmbHOI MEXi, JOCATHYBIIH SIKy, OTPUMAEMO MAaKCHUMaJbHY CHEKTPAIbHY
e(heKTHBHICTB I[i€] CHCTEMH 3a 3aIaHOr0 3HaYeHHsI curHai/mym (puc.l1).

CriiikicTh mpucTpor0 (hazoBoro aprorminctporoBanus dactoru (DAITY) no mymy Ta jerepMiHOBAaHHUX
3aBajg 0€3 3MIHM JUHAMIYHHUX BJIACTMBOCTEH MOYKHA IIIJIBHIIUTH 3a JOINOMOIOK MOAM(IKOBAHOIO
MPUCTPOIO, OMKCAHOro B poboTax [1, 2]. V 11boMy npucTpoi By3bKOCMYTOBHil (DilbTp 3MEHIIIYE PI3HHIIO
(a3 komuBaHb Ha BXxomax (asosoro merextopa (D). IMicms mpoxomkenus curHany depes ®JI y mexax
po00YOT AUISHKH JCTEKTOPHOI XapaKTePUCTUKH HOro PiBEHb BIIHOBIIIOETHCS 3a JOIMOMOI'OIK0 aKTHBHOTO
¢$uTbTpa BEpXHIX YacTOT. 3amporoHoBaHa cxema monaudikoBanoro npuctporo GAITY BinpizHAETbCS Bif
KJIACHYHOTO aHAJIOTy THM, o nepea @J] B HboMy pO3TalioBaHO BY3bKOCMYroBHU QinbTp, a micas OJ] —
(GUIBTP BEPXHIX YaCTOT.
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Y poboti 00’€KTOM JOCHI[PKEHHS € TpOoIeC JCTEKTYBAaHHS CHTHANB y CYYacHHUX CHCTEMax
KOMIpKOBOT'O 3B’ SI3KY, 1110 BUKOPHCTOBYIOTh CUTHAJH 3 ()a30BOI0 MaHIMYIIAIIIETO.

30kpemMa, TPOBENEHO iMiTaliiiHe MojemtoBaHHs mpoleciB AerekryBanHs OQPSK-curnamie, ski
BUKOPHUCTOBYIOTBCS Y TAKUX CYYaCHUX CHCTEMax KOMIpKOBOro 3B’ 513Ky, sik cdma2000.

Imitariifine MOIEMIOBaHHS BHKOHAHO 3a JOIMOMOrow mporpamu Matlab. Ins meoro mobymoBaHO
MOJIeTb pajioKaHady, JpKepena (asoMOAyIhOBAHOTO CHTHamy Ta gerektopa (puc. 2). Jlerekrop
MOM(BIKOBAHO 32 JOMOMOTOI0 TIPONOPIIIHHO-IHTErpyBaIbHUX (DLIBTPIB, OnucaHux y podori [1].
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Puc.2. Brnok-cxema imimayitinoi mooeni MoOughikoeano2o 0emexmopa KeaopamypHo20 CUSHATY

JocnipkeHHsT TPOBEJEHO U BUMAJKY JETEKTYBaHHS CHUTHANY KIACHYHUM Ta MOIU(pIKOBAHUM
JeTeKTopaMu. MeTa JOCHIKEHHS — BU3HAUCHHS BIIHOIICHHS YaCTOTH BUHUKHEHHS OITOBOI MOMHIIKH Y
npuitasatomy curHani (BER) mo konkperHoro 3HaueHHs BimHomieHHs curHan/uiym (SNR). Otpumani
CHIBBITHOIICHHST JJISl KJIACHYHOrO JETEKTOpa Oy/nW TOpiBHSHI 3 aHAJOTIYHWMHU CIIIBBiIHOIICHHSIMH,
HABEICHUMH Y BIJKpUTIH nitepaTypi. Lle namo 3Mory miATBepIUTH piBEHb aJEKBATHOCTI CTBOPEHOI
imitartiitnoi moaeni. TTopiBHSHHS IUX CIIBBiAHOIIEHH 3i cmiBBigHOmeHHsMu BER/SNR, otpumanumu y
pe3ysbTaTi BAKOPUCTaHHS MOAU(DIKOBAHOTO (pa30BOIro ICTEKTOPa, Jaji0 3MOTY OILIHUTH HOT0 e()eKTHBHICTS.

Hocaimkenns nerekryBaniss OQPSK -curnany moaudikoBanum nereKropom

VY cyuacHHX cucTeMax KOMIpPKOBOTO 3B’si3Ky, MoOyqoBaHux Ha 6a3i TexHonorii CDMA, mmpoko
BUKOPHUCTOBYEThCSI 4OTHpHUMO3uiiiiHa (azoBa momyssis 31 3cyBom (OQPSK). Tlpukmamom Takoro
3aCTOCYBaHHS € aMEpUKAHChKHH CTaHAapT Oe3npoBiMHOrO 3B'S3Ky Tperboro mokoniHHsg IMT, o
BHUKOPHUCTOBYE pamioinrepdeiic cdma2000 [3].

Y upoMmy maparpadi AOCHIIPKEHO e(peKTHBHICTh MoOjenl MOAM(IKOBAHOI'O IETEKTOpa IiJ Yac
nerexryBanHss OQPSK -curHaiiB Ta repeBipeHo il aeKBaTHICTb.

Oco0auBICTIO IHOT'0 TUITY MOIYJISIIIL € Te, IO KBaJpaTypHa Ta CHH(a3HA KOMIIOHEHTH PO3HECEH]1 Y
Yaci Mk co0O0I0 Ha MOJOBUHY mepiony. Lle o3Hauae, mo cuHdazHa Ta KBagpaTypHa KOMIIOHEHTH CHTHAITY
HIKOJIM HE 3MIHIOIOTHCS OJHOYACHO.

[Ile omHi€0 BaXKIMBOIO OCOOJIHMBICTIO LHOT'O TUIY MOAYISIIT € Te, MO TPAEKTOpis 3MiHH (asu
CHUTHANy HIKOJIM He HaOyBa€ HYJIbOBOTO 3HAYEHHS, IO € OJHI€I0 3 YMOB KOPEKTHOI pobOoTH
MO (IKOBAHOTO JETEKTOPA, PO3MIIIHYTOIO Y I1iif po0OOTi.

Hus nmooynon OQPSK-curnany HeoOxiaHa iH(oOpMaIliiiHa MOCTiIOBHICTh, HA OCHOBI SKOi Oynme
chopMoBaHO 3MiHY (ha3um MalOyTHHOrO cHUrHamy. JIJas CTaTHMCTUYHOrO aHali3y MPHUHATOTO CHUTHANY Y
nporpami Matlab Gyno cTBOpeHO mKepeno BUIaIKOBOrO CHTHAJY, sIKe T€HEepye 1 Mmogae Ha BXiJ KaHATy
3B’ SI3Ky BMITQJIKOBI IOCIIIOBHOCTI OITIB Jjisi KBaapaTypHoi Ta cuH(pa3HOI koMmIoHeHT. Llei cmoci0d
KOPUCHHU ISl €KCIIEPUMEHTIB, y SKHX HEOOXiJHO TMpOaHAaNi3yBaTH MPHHHSATANH CHTHAN Y TIOPIBHSHO
TPHUBAJIOMY 4acOBOMY BiNpi3Ky. JIJs Bi3yalibHOTO aHami3y Ta BiJCTEKEHHS SIKICHUX 3MiH Yy OTPHMaHOMY
CHUTHAJII 3a PI3HUX YMOB CTBOPEHO JIETEPMIiHOBaHI OITOBI ITOCIIAOBHOCTI, SKi MOBHICTIO MIOBTOPIOIOTHCS IS
KO)KHOT'O eKCTICPHMEHTY .

[lomaBiM yTBOpEHME CHUTHAl Ha BXiA IMITAI[ifHOI MoOJeNi, ONMMCAHOI B MOMEPEIHBOMY ITYHKTI,
OTPUMAEMO YOTHPUTIOZUIIIITHHN CHTHAJ, TIOISAPHY Jiarpamy sikoro 300pakeHo Ha puc. 3.
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Puc 3. Ionspua oiacpama sminu gpazu OQPK-cuenany
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CrioyatKy JOCHi/DKEHHS 3aBaJIOCTIKOCTI CHTHATy MPOBOMMINA O€3 BUKOPHCTAHHS MPOIOPIIIHHO-
iHTEerpyBadbHHUX PIIBTPIB Y Pa30BOMY JETEKTOPI.

[MocTynoBo 30ibIyI0YH piBeHb MIYMY Y KaHalli 3B 513Ky, OTPHMAaJIH TaKWil piBEHb IIyMY, 32 SIKOTO y
KaHaJi BUHHUKae moporoBuit edekr (puc. 4, a). BcTaHOBUBIIM TPONOPIIHHO-IHTErpyBaibHi QLILTPH Y
JIETEKTOP1, MPOBENTN aHAJIOTTYHUH eKcriepuMeHT. [liBUIyI0YH piBEeHb MyMY, JOCSTIHN 3HAYCHHS, 32 SKOTO
y KJIACUYHOMY JIeTEKTOpi HAaCTaBaB 3pUB CTEKEHHA 3a (pa30r0, MpoTe MOPOroBUil eeKT He crocTepiraBcs,
IO CBiAYUTH Mpo Oumblry edeKTHBHICTh MoaudikoBaHOTO aeTekTopa mif 4vac npuiiManas OQPSK-
curnany (puc. 4, 0).

3=

[X]
i
|

.1 WWWW\N” ‘Mﬁw MR WA'Y* »W' A

2k

=
=

3k

1 1 | | | 1 1 L |
a2} Q045 s D5 0.0 0 0045 s 0SS 0,05

a 6

Puc. 4. OQPXK-cuenan na éuxoodi kracuunozo (a)
ma moougixosanozo (6) demexkmopa 3a 00HAK06020 HU3bK020 3HauerHs NR

30UIbIIYIOYM PIBEHb IIyMY B KaHaJl, MMOPOrOBOro e(eKTy mocsraiv 3a 3HayHo Huxkuoro SNR.
3MiHIOIOYH 3HAYEHHS MapaMeTpiB MPOMOPIIHHO-IHTErPyBabHUX (DIIBTPIB, BCTAHOBHIIM iX 3HA4YECHHS, 32
SIKUX, 32 TICBHOTO BIJHOIICHHS CUTHAJI/IIyM, BUHHKAB MOPOroBuii eekT y kaHami. Tak oTpuMaHo 0071acTh
JONYCTUMHUX 3HA4YCHb MapaMerpiB Moau(ikoBaHOrO (ha30BOro JCTEKTOpa 1 BHU3HAYCHO ONTHMAJIbHY
00J1aCThb IUX 3HAYEHB, 3a IKUX 3aBaJIOCTIMKICTD AeTeKTopa € HaiiBuioro (Tadi. 1).

Tabauys 1
O0J1acTh 10MyCTUMHX 3HAYEHDb MapaMeTpiB MoaudikoBanoro gerekropa ajasi OQPSK -curnasis
mo 0.05 0.1 0.3 0.5 1

To, Cc

0.1 6.53 6.44 6.67 6.56 7.8
0.05 6.81 6.35 6.5 6.59 7.8
0.02 7.49 6.95 6.46 6.52 7.8
0.01 7.62 7.42 6.68 6.52 7.8




Ha ocHoBi oTpuMaHoi Ta0muIli MOOYI0BaHO aiarpaMy, Ha SKid 300pakeHO 00JacTi 3 PI3HUMHU
3HAYEHHSAMHY BiTHOIIEHHs CHUTHAJ/IIYM UIA BiAMOBIAHKUX 3HA4YEHb MapaMmeTpiB (GilbTpiB MOAM(IKOBAHOIO
nerekropa 3a ymoBH npuiiManHs OQPSK-curnamy. 3 miarpaMu BUIHO, 110 HaHOLIBIIOl 3aBaJOCTIMKOCTI
MOXHa JIOCATTH 32 Koedilienta npomnopiiiaocti My=0.1 ta inepuiiiHocti ¢pinbTpa T¢=0.05 €. 3a uux ymoB
MiHIMaJIBHO JOIYCTHME BiIHOIMICHHS CUTHA/IIyM Ha (Ga3oBoMY JerekTopi mpubausno Ha 1.5 nb menre,
HDXK aHAJIOT1YHE BIIHOIICHHS /I KJIaCHYHOIO JIETEKTOpA.
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Puc. 5. Obracmi oonycmumux 3nauenv napamempis moougixosanozo demexmopa 01 OQPK-cuenanis

BigHoleHHs WMOBIpHOCTI BHHUKHEHHs OitoBoi mommiku (BER) mo MiHiManbHO HE0OXimaHOTO
BinHomieHHs curHaid/miym (SNR) € BaxiauBUM KpuTepieM, KU BUKOPUCTOBYIOTH JUIS OI[IHIOBAHHS
eekTUBHOCTI cHCTeMH 3B’ a3Ky. B imirtartiituiit Momeni kanamy 38’ s3ky BigHomenns BER/SNR suatimim,
aHaJ3yl0Yl CTAaTHCTUYHI JaHi, OTPHMaHI JeTeKTOpoM MoMuiIoK. [lomaBmm A0Bry iHpoOpMamliiHy
MOCIIOBHICTh Ha BXia Moxeni 3a nmeeHoro SNR, migpaxyBayii KUIbKICTh TIOMUJIOK, 1[0 BUHHKJIA Y CUTHAI
micns #oro nerekTyBaHHs. Pesynbraté 1poro ekcrnepumeHTy it OQPSK-mopysmsimii 300pakeHo Ha
niarpami (puc. 6).
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3 rpadika Buamo, mo kpuBa BER/SNR mias imitamiiinoi Momenai MpakTHYHO 30iraeThCs 3
AHAJIOTTYHOI KPUBOKO JIJIS PEalbHUX CHCTEM, IO CBIAYMTH PO BIAMOBIAHICT MOJENTI peasIbHIA CHCTEMI
3B's3Ky. AHANOriYHE BIIHONICHHS OTPUMAHO 3 BUKOPHCTAaHHSAM MOJM(]IKOBAHOTO JETeKTopa 3
ONTHMAaJLHAMU MapaMeTpaMu, 3HAHICHUMHE Y TTONIEPEAHbOMY €KCIIEPUMEHTI.

[Mapamerpu mponopuiliHO-IHTErpyBaNbHUX (QINBTPIB AeTekTopa BuUOpaHo 3 Tabm. 1. 3a mmx
napaMerpiB  KOHTpONbHI 3HadeHHss BER oTpumano 3a 3Ha4HO HWXKYOTO JOMYCTUMOTO BiJIHOIICHHS
curnan/mrym. Hanpukiam, aas #MOBIpHOCTI OITOBOI MOMUIIKH 10'5, sKa € CTAaHAapTOM ISl KOMIPKOBOTO
3B’ 3Ky, 3HA4YEHHS MiHiMajabHO HeoOximHoro SNR Ha 1.2 nb HmK4Ye, HK y 3BHYaliHOMY aeTekropi. Lle
MOBTOPHO IMiATBEPXKYE BUCOKY 3aBaJJOCTIHKICTh JTOCTIHKYBAHOTO MOIU(IKOBAHOTO AECTEKTOPA.

OTtpumaHi pe3ysbTaTH MOKa3aiH, 0 e)EeKTUBHICTh CUCTEM PaJio3B 3Ky, Y SKUX 3aCTOCOBYETHCS
KBaJ[paTypHa MOJYJIALIS CUTHAIIB, 3pOCTAE 32 PaxXyHOK 3HMKECHHS MOPOra YyTIUBOCTI MOJU(IKOBAHOT'O
¢aszooro aerekropa. Omxe, OQPSK-curnan mMoxna HaOau3uTH 10 rpanuii llennona (puc. 7) mo oci
BIJIHOIICHHS CHUTHAJ/IIIyM.

E 10 L o P P g ‘_'_'_'.
S rpaunus WenHoHa " .
= e
© "
o -
5 TAN
s kN,
F / (mod) QPSK Puc. 7. Cuenan OQPK
8 1} ] (ompumanuit knacuunum
L f . .
= / i MOOUGIKOBAHUM OemeKMOPOM)
a
g { ma xpusa Lllennona
&
E |
: |
=
(4]

8.1 [« i : . '

8 5 10 15 280 25

BigHoweHHA curHan/wym, A6

OTke, BUKOPUCTAHHS MTPONOPLIHHO-IHTErpyBaNbHUX (BUIBTPIB CYTTEBO 3MEHIIYE PIBEHb CKIIAJI0BOI
IIyMy B CHTHAJI, a TAKOXK 3MEHIIIYE aHOMaJIbHI CTpUOKH a3y Ha eTari JAeTeKTyBaHHs. BcraHoBieHO, 1110
eeKTUBHICTP MOAM(IKOBAHOTO JETEKTOpa 3AJIGKUTh BiJI TaKUX IapaMerpiB, sK IHEPHiHHICT Ta
Koe(ilieHT MPOMOPIIHHOCTI 3aCTOCOBAaHUX Y HHOMY MPONOpPLiHHO-iHTErpyBadbHuX (QinbTpiB. [logambmn
JOCITI/DKEHHS ¥ IbOMY HAMpsMi TependavdaroTh iMIUIEMEHTAII0 MOAU(iKOBaHOTO ()a30BOTO JIETEKTOpa Y
BUTJISIZII peajbHOI CXEeMHM 3 BHKOPHCTAaHHSM ONTUMAIBHHX MapamMeTpiB, OTPUMAaHUX 3a JIOMOMOTOI0
IMITaIITHOI' O MOJIETIOBAHHS.

BucHoBkH
[IpoBeneHo iMiTaIliliHE MOJCTIOBAHHS, ITifl Yac SIKOTO JOC/IPKYBaIach 3aBaI0CTIHKICTh MOAN(IKOBAHOTO
JIETEKTOPA 3 BUKOPHCTAHHM BY3bKOCMYT'OBHX IPOIOPIIHHO-IHTErPYBaIBHUX (UIBTPIB. 3a eKCIiepUMEHTAIbHHUI
curHasi Oyio BuOpano OQPSK-curHai. YV pe3ynbTaTi MOACTIOBAHHS BCTAHOBJICHO, IO SIKICTh JICTCKTYBAHHS
TOKPAIIYETHCS 31 3pOCTaHHAM 3HAYCHHS IHEPIIMHOCTI (iTBTpa Ta 31 3MEHIIIEHHIM Koe(illieHTa MPOIOPIIHHOCTI.
Bu3HaueHo iana3oH ONTUMAIBHUX 3HAYCHD 1MX MapaMeTpiB, 3a KX MPale3aTHICTh ICTEKTOpa 30epiraeThes, a
3aBaJIOCTIMKICTh CUTHATY 3HAYHO 3pOCTa€ MOPIBHSIHO 31 3BHYAHUM JieTekropoM. OtprMane BinHomeHHs BER 1o

SNR-curnany 1oBoanuTh eheKTHBHICTH MOAN(DIKOBAHOI CXEMHU.
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