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OnHUM M3 HEOOXOIUMBIX YCIIOBHIT ycIiexa MpH pa3paboTKe BBICOKOCKOPOCTHBIX CHCTEM CBSI3H, Pa0OTAIOMINX
B KOPOTKOBOJIHOBOM JHMAaNa30HE SBISETCA TECTUPOBAHME CO3JaBa€MbIX CHCTEM B YCIOBHAX, MAaKCHUMAJIbHO
NPUOIIKEHHBIX K OSKCIUTyaTallMOHHBIM. Jl0 HeJaBHEr0 BpPEMEHM EIMHCTBEHHBIM HAJEKHBIM CIOCOOOM TaKoro
TECTUPOBaHMs OBUIM HATypHBIE WCIIBITAHMS, T.K. CYIIECTBYIOIINE (eHOMEeHoyorndeckue Moaenu [1] monocdepnoro
pajMoKaHa a He YYMUTHIBAIIM peabHBIX MPOIECCOB B Cpelie W MX BIUsAHHME Ha pacnpoctpanenne JJKMB. Ograko nx
BBICOKAsi CTOMMOCTB 1 HEBO3MOKHOCTh TOYHOTO IIOBTOPHOTO BOCIIPOM3BEACHUS ITOBEICHIS PEabHOTO KaHalla JeaeT
3TOT crocod Maio (M (PEKTHBHBIM Ha CTAINH Pa3pabOTKH CUCTEM U Y3JIOB CBS3H.

B Hacrosiee BpeMst IIMPOKO BHEAPSIIOTCS CPENCTBA CBSA3H, MCIIOJIB3YIOIINE BCIO WM 3HAYUTENBHYIO YacTh
nosnocel JIKM-kanana. B To e Bpemsi OTCYTCTBYIOT MOJEJIM KaHalla, IMO3BOJIAIONINE OCYIECTBISATh TECTUPOBAHUE,
WCTBITAHUS W, HAKOHeI, MCCIEeIOBAaHUSA pabOThl IIMPOKOMOJOCHBIX CHCTEM CBS3M B YCIOBHSAX MPHUOIIKEHHBIX K
peabHBIM.

[Mpennaraemoe cooOuieHHEe Kak pa3 M HAlpaBIeHO Ha M3JIOXKEHHWE OIBITAa IOCTPOCHUSI M OIKCILIyaTalluu
KOMITBIOTEPHOTO MMHTATOpa, Pa3pabOTaHHOIO Ha OCHOBE CTPYKTYPHO-(PH3MYECKOTO IOIX0Ja K MOJEIHPOBAHUIO
HoHOC(HEPHOTO paJHoKaHaa.

[IprHIMT KOPPEKTHOCTH MOJIENH INIPH CTPYKTYPHO-(PU3NUECKOM ITOX0JIe MPEAIoaraeT, ¢ OAHONW CTOPOHEI,
BEISIBIICHHE M aJeKBAaTHOE ONUCaHWE (HU3WIECKUX MEXaHW3MOB, OKAa3bIBAIONINX OIPENeNAIoniee BIMSHHE Ha
(hopMHUpOBaHHE CTPYKTYPHI MOJS M €€ AWHAMHUKY, C IPYTOH - JOCTIKEHHE HEOOXOTMMBIX TOYHOCTHBIX MapaMeTpOB
MOJIeNT MHHAMAIIBHBIMU cpencTBaMi. C 3THUX MO3HIUHN OBUTH COPMYIHPOBAHBI CICIYIONINE MCXOJHbIE MOJOKCHHUS
CD-monenu [2, 3]:

1. CymmapHoOe 1osie OTpa’keHHBIX OT HOHOC(EpPhI BOJIH B TOYKE MpHEMa M ero IPOCTPAHCTBEHHOE paclpeieieHue
OTIPENIeIISIOTCS HHTEepepeHINel HeOOIBIIOT0 YHCIa IUCKPETHBIX JTydei.

2. KonuuecTBOo Jyuel B KakJOH NPOCTPAHCTBEHHO-BPEMEHHOH TOUKEe, MX MapaMeTpbl OAHO3HAYHO 3aJaI0TCS
IJI00aJbHON PEryJISIpHOH HEOJHOPOIHOCTBIO HMOHOC(EpHI, CBSI3aHHOW C TEPMUHATOPOM, U CpPEAHEMAacCIUTaOHBIMU
BO3MYILICHUSMH IEKTPOHHOHN KOHIIEHTPALUK BOJIHOBOI IPUPOIBIL.

3. JIluHaMMKa OTHENIBHBIX JIy4edl M CyMMapHOTO MHTEp(EpPEHIHOHHOTO TOJIsI OOBSICHIETCS HECTAMOHAPHOCTHIO
cpenbl, 00yCIOBICHHON IBIPKEHHEM TEPMUHATOPA U IIEpEMEIIEHIEM BOIHOBBIX Bo3MymeHui (BB).

4. MaremMaTu4ecKkoil MOAEIbIO CPeAbl CIYXKUT MYJIbTUIUIMKATUBHAS MOJENIb IPOCTPAHCTBEHHOIO PaclpeaeieHus
HMOHHU3AINH, UMEIONIasi TPAJHCHTH B BEPTUKAIGHOM HAIIPABIICHHH M B HAIPaBJICHUH BIOJH TPAaeKTOpHH Jyda. BB, B
CBOIO O4Yepenb, MPEACTABISAETCA I[yTOM TapMOHHYECKHX BOJH, IUCKPETHBIX B IPOCTPAHCTBE, BO BPEMEHH H IIO
4acToTe.

5. WHTepdepeHoHHoe MoJe HIIETCS B paMKax TI'€OMETPOONTHYECKOTO MPHOIIMKCHHS HAa OCHOBE PEIICHHS
ypaBHEHHH 3WKOHAJIa U TIEPEHOCa C 00SM3aTEIHHBIM YUETOM JIEHCTBHSA MATHUTHOTO TOJIST 3eMIIH.

6. Bapuamu cpempl pacrpOCTpaHEHUS MPOUCXOIAT HECOM3MEPHUMO MEIJICHHEe MO CPAaBHEHHIO C M3MEHECHUSIMH
CHTHAJIOB, NepeJaBaeMbIX yepe3 kaHal. Kak ciencTsue, Tekyliee BpeMs pasjenseTcs Ha MEIJICHHOE, 0 KOTOPOMY
Pa3BOpaYMBAIOTCS JMHAMUYECKHE MPOLIECCHl B HOHOC(Epe, U OBICTpOe, ONMUCHIBAOIee U3MEHEHUST HH(OPMAIIMOHHBIX
CHTHAJIOB.

Bo3MOXHBI J1Ba IMyTH NpU peaM3alidi KOMIBIOTEPHOTO MMHUTATOpPa HAa OCHOBE CTPYKTYpHO-(pH3MUEcKOit
mogenn (CD-momenm). IlepBblif (BpeMEHHOH) TpenmnosiaraeT OINMCAHWE JKBHBAICHTHOTO HECTAIlMOHAPHOTO

HOHOC(EpHOTO (PUIBTPa MMITYJIBCHOW XapaKTEPUCTHKOM h(‘L’ 1 ), rae - Tak Ha3plBaeMOE MEJJICHHOE BpeMs, MO

KOTOPOMY pPa3BOPAYMBAIOTCS HM3MEHEHHS XapaKTepPUCTHK KaHala 3a CUYeT MEUICHHBIX BapHalWil IapaMeTpoB
YaCTOTHO-BPEMEHHBIX JIy4el, (OPMHUPYIONINX CyMMapHOe HHTeP(PEPEHIIMOHHOE TI0JIe B TOYKE IpreMa, a T - Ha30BEM
ObIcTpBIM BpeMeHeM. Bropod mnonaxon (4acTOTHBIM), BBHIOPAHHBIM HaMH NPH HOCTPOSCHHH MOJEIHM KaHaa,

OCHOBBIBAETCA Ha ONHCAHWUM (MIBTPA JMHAMHYECKON mnepemarodnoil ¢ymxumenn H (co,t), roe ) - Kpyromas

yacrora. EcrectBenHo H (a),t ) i h(‘L’ ,1 ) JUISL KKIOrOo 3aJaHHOTO [ MO MEepeMEeHHbIM () u T CBSI3aHbI

npeobpazoBarneM Dypobe.
[lepenarounas xapakTepucTrka HoHOC(hepHOTO KaHana B CD-Moenu mpeacTapsaeTcs B BHIE:
n(w,r)-1 _in/ (@)
H,t)= Y, a,(@t)e < ey

=0

rae a; (a), t) u wP; (@.1) - AUX n ®UX maprmansHOTO j-0ro KaHana. Kax el mapuuanbHeINH KaHail (GOpMHUpPYeTCs
c
OTJCIBHBIME YaCTOTHO-BPEMCHHBIMHU JIy4aMH, WHTEPPEPEHIMS MEXKIy KOTOPBIMH H 00pa3yeT CyMMapHOE MOJe B

TOUKe mpuema. Uwcno Jydei n(a),t), HenuHerHble auHaMudeckue AUYX w ®UX mapnmanbHbIX KaHaioB B (1)
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BBIYUCIIAKOTCA Ha L[ByXMCpHOﬁ ‘{aCTOTHO—BpeMeHHOﬁ CCTKC [a)k’tl] JJIA 3aJaHHBIX TI'CJIMO- U I'CO- (1)I/I3I/I"IGCKI/IX

YCIOBHH B paMKaxX T'€OMETPOONTHYECKOro mNpuOmmkeHus. [Ipum 3TOM YHCICHHO pemaeTcs TpaHWUYHAs 3a/1ada,
chopMynHpOBaHHAS IS PACHIMPEHHOM CHCTEMBl HENMHEHHBIX Au((epeHIalbHbIX JYYeBBIX YpaBHCHHH,
3aIMCAHHBIX JJISI TPEXMEPHO-HEOHOPOTHONH MAarHUTOAKTHBHOW MOHOC(EPHI, TapaMeTpsl KOTOPOH 3a/laHbl MOJICIBIO
IRI-95. HecrannoHnapHocTh HOHOC(HEPHOMH IIa3Mbl 0OYCIIaBIMBAETCS C OJHOW CTOPOHBI CYTOYHBIMH BapHAIUsIMU €€
IapaMeTpoB, a C APYroH - yIeTOM CpeTHeMACIITAOHBIX HEOHOPOAHOCTEH BOTHOBOM mprpo s (Trma [THIB)

Cetka pa36I/I€HI/Iﬂ 10 4aCTOTC {(Dk} OXBaTbIBACT BCHO MOJIOCY MPONYyCKaHUA I/IOHOC(l)epHOFO paanoKkaHala

JUTSI 3aIaHHOM Tpacchl, a CeTKa Mo BpeMeH! {t 1} - HHTEPBAJI MOJICITUPOBAHUS KaHaIA.
B pesynbrare peuieHHs TPaHHYHON 3a/la4d Ui K&KIOTO j -Oro Jiyda PacCYUTHIBAIOTCSA: (Ha3OBBIH MyTh

Pj (a)k,t[); TPYIIIOBOA  IIyTh Pj’(a)k,t,); JIOTUIEPOBCKOE  CMENIEHHe YacToThl  O) j (a)k,t[); aMILIUTya

a; (CO ol ); YIJIBI BBIJIETA M TIPUXOJAa HAXOJUTCS MHOKECTBO BETBEH paclpOCTpaHEHHS, 9aCTh U3 KOTOPBIX MOXKET

CYIIECTBOBATh HE HA BCEH 4aCTOTHO-BPeMEHHOH mnockocT. s Kakaoil u3 BeTBeH MyTeM CILIaiH-anmpoKCUMAaLUU
TaOJIMYHO 3aJaHHBIX MapaMeTpoB Jyueil BeramcisiioTcss HempepbiBHBIE AUX u @UX mapuumanpHbeix kKaHatoB B (1).
[TprnyeM MCHONB3YIOTCS CIUTAMHBI IATOTO MOPSIIKA, 00eCTICUNBAONINE HEPEPHIBHOCTD (DYHKIMI W MX MPOU3BOIHBIX
JO0 TpeThero mnopsanka. IIpy anmpoKCUMAaLUM YYUTHIBAIOTCS M3BECTHBIC IOCHIE PELICHUS PACIIUPEHHON CHCTEMBI

Jy4eBBIX YpaBHEHHH HMPOU3BOAHEIE (Ha30BOTO MyTH Pj M0 YaCcTOTE W BPEMEHH J0 BTOPOTO MOPSAKA BKIIOYUTEIHHO.

Kak cnenctBue, cruiaitH-anpOKCUMUPOBAaHHAS ()yHKIIHS P/‘ (co,t ) JI0OJDKHA B y3J1aX BPEMEHHOM CETKH YAOBIIETBOPSTH

mddepeHunanbHOMy COOTHOIEHUIO 5. @ 0P, a B y3nax 4acTOTHOH ceTkn MupdepeHIHaTbHOMY COOTHOLIEHHHO

c ot
oP
’
P=P+ow—.
0w
IIpolecc MMHTAIMH COCTOMT M3 JABYX OJTamoB. Ha mepBoMm, Hanbojee BBIYMCIUTEIBHO TPYIOEMKOM,
TIPOU3BOIUTCS PacueT nepeaatodHoit Gpynkimu kanana H (@,?) B 3a1aHHOM BPEMEHHOM U YaCTOTHOM MHTEpBAiax

(uonocgepnvrii mooynv). Ha BTOpOoM — cOOCTBEHHO oOecrieunBaeTCsl WMHTALUsl KaHajla B pPEATbHOM HWIIH
KBa3HUpPEAILHOM BPEMEHH (MOOYb npo2ona cuehana), TIPA STOM KOMITBIOTEP BBIIOJIHSIET poib HU(poBoro ¢uistpa ¢
paccuMTaHHOH Ha IEPBOM JTalle IepeaaToOYHON HYHKINEH.

OOpaboTka curHana MPOM3BOANTCS HAa HU3KOH (3BYKOBOI) YacTOTE, YTO ITO3BOJISAET MOCTPOUTH HU(PPOBOH
¢ubTp (1) Ha 6aze ObicTporo npeodpazosanus Pypre (BIID) ¢ pasduennem oOpadaTsIBacMOi MOCIEAOBATEIILHOCTH
Ha TpyNIbl OTCYETOB (Kaapbl). B TeueHune kaxmoro kaapa nepeaatodnas GyHKIUS QUIbTpa CUATAeTCS HEe 3aBUCAIICH
OT BPEMEHH M OOHOBIAETCS IPH Hepexole OT OAHOTo Kaapa K apyromy. [IpuMeHseTcs crenuallbHBIA alropHuTM,
00eCIIeunBaIOIINH HEeNPEPEIBHOCTh HMITYJIbCHOM XapaKTepHUCTHKH (QHMIbTpa Ha TPaHUIAX COCEJHUX KaJpoB,
Onaromapst 4eMy W CTAQHOBHTCS BO3MOXHBIM HCIIONb30BaHHe Merona BII®D mpu peanmsanmu HecTalOHAPHOTO
¢dunpTpa.

OcTaHOBMMCSI Ha OCHOBHBIX MOMEHTaX MOOVIS «NPO2OHAY» CUSHATLHO-KOOOBLIX KOMOUHayuil dYepes
CTPYKTYPHO (HM3HYEKYI0 MOJIENb, MapaMeTphl KOTOPOW HaMIEHbl Ha IIEPBOM JTale C IOMOIUBIO UOHOCHEPHO20
MOOYIAL.

1. TlepenaBaemoe cooblieHHMe pPa3OMBAETCS HA BJIEMEHTAPHBIE KaJApbl JUIMTENBHOCTRIO 1 = 25mc (uncnennoe
3HAUYEHHE MOJOUPACTCS SMIIMPUYECKH W OrPAaHMYEHO CBEPXY HECTallMOHAPHOCTHIO HMOHOC(HEPHOTro KaHaja).
CdopMupoBaHHBIH KaJlp YMHOXAETCS Ha CIICNUAIBHYIO OKOHHYIO (DYHKIIHIO, YOBJIECTBOPSIOIIYIO ONPEICICHHBIM
HEOOXOANMBIM YCIOBHSM M ITOJTOTaBJIMBAIONIYIO KaJp K MPOXOXKICHHIO Yepe3 Mozeib kaHana. Kak ciencrsue,

HCXO0JHOE COOOIIeHNE x(t ) npezacTapiserca B GopMe CynepnosuuMu KaapoB X, (t ):
x(t)z Zxk (t)z x(t)Zs(t—kTo ), Zs(t—kTo)El, )
k k k

rae S(t )— CHMMETpPUYHAs OTHOCUTEIBHO T/ 2 okoHHas (yHKIMs, 0Opamamasics B HOJIb BHE OTPE3ka [O,T], a

Z) 3a4a€T CMCHICHUC KAKIOI'0 CICAYIOLICTO KaJpa OTHOCHUTCIIBHO MPEAbIAYHICTO U OJHOBPEMCHHO MNPECACTABIIACT

co00ii mar 0OHOBJICHUsI IEPEIATOYHON XapaKTEPUCTUKU HECTAMOHAPHOTO HOHOC(EPHOr0 KaHala 10 MeIJICHHOMY
BpemeHH. [IpudeM HeoOXOIMMBIE YCIOBUS, KOTOPBHIM JOJDKHA YIAOBIETBOPUTH OKOHHAs (QYHKIHS B (2) MOXKHO
OTIPEJIEINTD B CIIEIYIOIIEM BUJIE:

s(t)=1, T-T,<t<T,;

s(t—kT,))+s(t—(k+1),)=1, (k+1), <t <kT,+T.

Z[anee Ka)KﬂLIﬁ Kaap JOHNOJHACTCA JABYMA 3alllUTHBIMU HWHTCPBAJIaMU Tunder nu Tup , YYUTBIBAIOIIUMH

COOTBETCTBEHHO MPEIUCTOPUIO CUTHAJa WM MOCIepeakiuo (MaMsTh) KaHama (YHCICHHbIC 3HAYCHHS 3THX BEIUYUH
OTIPEJICIIAIOTCS YCIOBHSIMY PACIIPOCTPAaHEHUS i OOBITHO COCTABJISIOT COCTABISIIOT 5...10 Mc).
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2. I[J'IH JAaHHOTO MOMCHTAa BPEMCEHH, COOTBCTCTBYHOLICTO BLIGpaHHOMy Kagpy, ¢ marom TO no MCEIJICHHOMY

BpEMEHH, B TMOJIOCE, OINpEEIIeMON IepeAaBacMbIM CHIHAIOM, BBIYMCISICTCS MIHOBEHHAs IepeaaTodyHas
XapaKTepUCTUKa HOHOC(hEpHOro pajnokaHaia. [Ipu 3ToM ucnonb3yercst GMHapHbIH (aiin ¢ mapamerpamMu KaHaja,
MOJIrOTOBJICHHBIMU Ha TEPBOM 3Talle MOJCIMPOBAHUS C MOMOLIBIO UoHOCHepHo2o modyns. llar no ydacrore

3a/1a€TCs ATUTENLHOCTBIO TOTIOJHEHHOTO Kapa, T.€. paBeH 1/ (T +T + Tup )

under

3. Brpruncnsgercs CexTp 3JIEMEHTAPHOr0 Kajpa MepeiaBaeMoro CUrHalla ¢ UCIoyib30BanueM anroputma bI1d.

4. CnekTp kaapa yMHOXAaeTcss Ha MTHOBEHHYIO IEpeNaTOYHYI0 XapakTepucTuky W BbimomHsercs OBII®. Kak
CIIEZICTBUE, TIOTy4aeM KOMIUIEKCHBIN 00pa3 3JIeMeHTapHOTo Kajpa Ha BBIX0oAe MoHOc(hepHoro kaHama. OTMeTnM,
YTO TPHUMEHEHHE CICHUATFHOH OKOHHON (YHKIMH ITO3BOJSET IPOIMYCKaTh HE BCE COOOIICHHE ILEIUKOM, a
(¢parMeHTamMH, 10 Mepe MOCTYIUICHNSI CUTHAIBHO-KOIOBBIX KOMOMHAITMA Ha BXOJ KaHaia. DTO C OJHONH CTOPOHBI
MO3BOJISIET HM30€KaTh M3JHUIIHE ITOJPOOHON IHCKPETH3alUH IIepeJaTOYHOH XapaKTEpHUCTHKH, COTJacys Iiar
JUCKpeTH3allud C MOJIOCOM curHama, a ¢ Jpyroi, KOPPEeKTHO y4yecTb H3MEHEHUE MapaMeTpoB KaHada Co
BpPEMEHEM, T.€. yUECTh €r0 HECTALMOHAPHOCTb.

5. KoMmiekcHbl cUrHaj, COOTBETCTBYIOIIMI MPOMYIIEHHOMY 4Yepe3 MOJENb 3JIEMEHTApHOMY KaJpy CTaBUTCA IO
BPEMEHH B HY)KHYIO BPEMEHHYIO ITO3MIMIO ¥ CYMMHUPYETCS C KOMIUICKCHBIMH 00pazaMH paHee IMpOITyLICHHBIX
yepe3 KaHajl dJIEMEHTapHbIMU KajpaMmu. HauanbHasi BpeMeHHasi MO3UIMs, OMpenessiomas MmojlokKeHHe KaxkI0ro
CIIEAYIOIIETo Kajpa 3aJaeTcs AByMs (paKTOpaMH: BPEMEHHBIM ITOJIOKEHHEM KaJpa B IepelaBaeMOM COOOIICHIH
U MUHHMAJbHBIM TPYIIIOBBIM BPEMEHEM DPACIpOCTPAHEHUs CHTHaja B KaHale CBs3u. ClieayeT HallOMHHTH, YTO
MIOCJICHSS BETMUMHA SIBJIIETCSI CBOMCTBOM KaHaja B IaHHBIM MOMEHT BPEMEHHU M U3MEHSETCS OT KaJapa K Kaapy.
Omnepanus BpeMEHHOTO CIIBUTA i CyMMHPOBAHUS YIUTHIBAET CICIYIOIINE OOCTOSTEIHCTBA!

— cnenuanpHyIo (OopMy OKOHHOHM (PYHKIWH, M3-32 KOTOPOW KaXKOBIH Kaap CMEIIaeTcss Ha BEIHMYUHY
MEHBUIYIO, YEM €0 JUINTEIBHOCTD;

— TaMsTh KaHaja CBs3M, OOYCIIOBJIECHHYIO BPEMEHHBIM paccesHHeM (TIociieJHee CBOMCTBO IMPOSIBISECTCS
KaKk B YIIMPEHUH OJMHOYHOTO HMIIYJIbCHl 32 CYET YACTOTHOW AHMCIEPCHH, TaK M B Pa3MHOKEHUU
MMITYJIbCa HA IPUEMHON CTOPOHE 33 CUET MHOTOJIy4EBOIO PacIpOCTPaHEHUS).

6. Ilpouecc moBTOpsIETCS 10 TEX MOP, IIOKA HE OYAET NCUEpIaHO BCE NCXOIHOE COOOIICHHE.

B wWrore mOCTPOCHHBI HMMHTATOp JCKAMETPOBOTO paJMOKaHATa MOXKET OBITh HCIOJB30BaH B JIBYX
HanpaBleHUsIX. HoHnocgeprviti MoOyab WUMUTATOpa IO3BOJSECT IPOTHO3UPOBATH BCE TPANUIIMOHHO HCIOJIB3YEMBIE
xapaktepuctuku (MITY, HampspKeHHOCTh TOJS, CTPYKTypa CHWrHana), pacnpoctpaneHus JIKMB, Brimrodas HIymsl
€CTECTBEHHOTO MPOMCXOXKICHHUS U CTAaHIIMOHHBIC TIOMEXH. Ba)XHOHN OTIMYNTEIHHON 0COOEHHOCTBIO SBISETCS TO, UTO
oH no3BoJisieT onpenessa T AUX n @UX kanana, ero 4aCTOTHbIE, BpEMEHHBIE ¥ IPOCTPAHCTBEHHbBIE KOPPEISIIMOHHbBIE
CBOMCTBa, a TaKXKe OXXHIAEMYIO CTATUCTHKY MOJsI CUrHana. IlpuueM, Bce 3TH XapaKTEPUCTUKU COOTBETCTBYIOT
KOHKPETHBIM yCJIOBHSM PacIpOCTPaHEHHS Ha Tpacce, KOTOPhIE, B CBOIO OYepe/b, MOTYT OBITh 331aHBI IPOTHO30M HITH
JAHHBIMU TEKYIIeH TUarHOCTUKU Cpelsl pacrpocTpaHeHus. Ho 0CHOBHOE MpUMEHEHUE KOMIIBIOTEPHOIO UMHTATOPA —
MMHTAIMOHHOE MOJIEIMPOBAaHNE MPOXOXKICHHUS KaK Y3KOIOJIOCHBIX TaK M IIMPOKOIOJIOCHBIX cooOmenuit yepe3 JJKM-
KaHa cBs3u. [Ipruem cieyeT yYuThIBaTh ABa 00CTOSATECIBCTBA:

—  Y3KOIIOJOCHBIE cUrHaNBI (¢ monocoi 1o 10 xI'Iy) mpy cOBpeMEHHOH BBIYMCIUTEIBFHON TEXHUKE MOTYT
MPOITYCKaThCsl B PEAIbHOM MacIuTa0e BPEMEHH C HWCIIOJIb30BAaHHEM B KadecTBE YCTPOWMCTBAa BBOJA-
BBIBOJIA aHAJIOTOBBIX CHTHAJIOB MIMPOKO PAaCIpPOCTPAaHCHHBIX 3BYKOBBIX IuiaT Tuma Creative Sound
Blaster 16;
— B KBa3upeaJlbHOM MacmTabe BpeMEHH HHKAKHX OTPAHWYCHHUH Ha IMOJIOCY MCIIONB3yEeMBIX CHTHAIOB HE
HaKJIa/IbIBAETCSl.
B 3aknrodyeHMM OTMETHM, 4YTO aBTOPbHI YCIEIIHO IPUMEHSIM OIMCAHHBIH KOMIBIOTEPHBIM HMMTATOp U
HCCIIeIOBAaHMA PAOOTHI KaK y3KOIMOJIOCHBIX, TAK W IMIHPOKOIIONIOCHBIX YCTPOUCTB IEKaMETPOBBIX CHCTEM CBSI3H.
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It is necessary for successful development of high velocity communication systems working in a HF wave
band to test framed systems under conditions, maximum approximated to external environment. Until recently the
only reliable means of such testing was field testing, since the present phenomenological models [1] of an ionospheric
radio channel left out of actual processes in medium and their effect on HF waves propagation. However their high
cost and impossibility of reiteration of experiment under the same conditions makes this method poorly effective
whilst working up systems and info centres.

Communication facilities, exploiting the entire HF-channel band or the greater part of it, are widely
introduced today. At the same time there are no models of the channel permitting to realise testing, trial and, at last,
investigations of operation of wide-band communication systems under conditions approximated to actual.

We are going to give an account of build-up and operation experience of the computer simulator, designed in
terms of the structural - physical (SP) approach [2, 3] to simulation of ionospheric radio channel.

There are two ways of realisation of the computer simulator based on SP-model. The first one (called time
method) presumes description of the equivalent non-stationary ionospheric filter by a pulse response h(‘L’ , t), where ¢
is the slow time. Channel characteristics change with this time because of slow variations of the time-and-frequency
rays' parameters only. These time-and-frequency rays form total multipath field at the reception site. And T is the fast
time, which describes the change of information signals.

But we use, whilst constructing channel model, the second approach (called frequency) where filter describes
by a dynamic transfer function H (a),t). Here @ is a circular frequency. It's clear that H (a),t) and h(T,t) are
coupled by Fourier transform for each fixed 7.

The transfer function of ionospheric channel in SP-model is

n(a),[)—] _in.r (w’t)
H,1)= Y, a,(@1t)e
i , (1)
wP, (o,1)
Here a (a), t) and ———— are gain-frequency characteristic (GFC) and phase-frequency characteristic
! C

(PFC) of partial j channel. Each partial channel is shaped by individual time-and-frequency rays (as it already
mentioned, the rays interference forms total multipath field at the reception site). Number of rays n(a),t) and non-
linear dynamic GFC and PFC of partial channels in (1) were computed on a two-dimensional time-and-frequency grid

[a)k,t ,] for given helio- and geo- physical conditions in terms of geometrical optics approximation, when a

boundary problem was solved formulated for combined augmented non-linear differential ray equations. These
equations were written for three-dimensional heterogeneous magnetoactive ionosphere, the parameters of ionosphere
were given by IRI-95 model. The variations of ionospheric plasma are caused on the one hand by diurnal variations of
its parameters, and on the other hand by TID.

As a result of such consideration for each j ray we calculate: a phase path Pj (a)k,t, ), a group path

wo L ), outlet and incoming angles

P j' (a) ol ), a Doppler translation of frequency 6@ ; ((0 ok ), an amplitude a; (0)
as well as a lot of propagation branches. The domain of time-and-frequency space of some branches can be smaller
than time-and-frequency space of simulation. The continuous GFC and PFC of partial channels in (1) are computed
for each branch using spline - approximation of given rays' parameters. We use the fifth order splines, since the fifth

order splines provide functions and their derivatives up to third order with continuity. We take into account, doing this
approximation, 1-th, 2-th time and frequency derivatives of the phase path P/, which are known after the solving of

combined augmented ray equations.
The process of simulation consists of two stages. On first stage, which is the most computationally difficult,
the transfer function of the channel H (a), t) is calculated for given time and frequency intervals (this is ionospheric

(PT]

module). On second - the channel simulation is realised in a real or near-real time (module of the signal's "passage"),
at that the computer operates as a digital filter using the calculated at the first stage transfer function.

The signal processing is carried out at low (audio) frequency, that allows to construct a digital filter (1) using
the fast Fourier transform (FFT) and dividing processed sequence into groups (called frames). During each frame the
transfer function of the filter is considered time-independent and is updated when the next frame replaces the
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previous. We apply the special algorithm to be sure that the pulse response is continuous in the points of joint of
frames. Because of that it is possible to use FFT method whilst realising non-stationary filter.

The module of “passage” of signal-code combinations through SP model (as it was already mentioned the
model's parameters were obtained at the first stage with the help of the ionospheric module). The key features of
"passage" module are:

e  The signalled message is divided into frames, it's duration is T = 25mc (this value is fitted in accordance with
the computer experiment and is limited by non-stationarity of ionospheric channel). Each frame is supplemented

with two protective intervals 7

under a0d Tup, they contain information about channel's memory. The formed

frame is multiplied by special window function. This function satisfies defined requirements and prepares the
frame for passage through the model of channel.

e The momentary transfer characteristic of ionospheric radio channel is computed for a given time moment (time
moment corresponds to a selected frame). We use for that the binary file whose input parameters are the
parameters of the channel. The binary file is prepared at the first stage of simulation by means of the ionospheric
module.

e The spectrum of the frame of a transmitted signal is evaluated using FFT method.

e The frame spectrum is multiplied by the momentary transfer characteristic and an inverse FFT is make. As a
consequence we obtain a complex image of a frame at the output of the ionospheric channel.

e The complex signal, corresponding to a passing through the model frame, is put in the needed time position and is
summed with earlier passed frames.

e The process is iterated till the end of initial massage.

The suggested simulator of an ionospheric radio channel has two applications. For example we can obtain all

HF propagation characteristics, traditionally used in the radio forecasts. But simulation of passing of both narrow-
band and wide-band signals through a HF-channel is the main it's application. We'd like to take note of two features:
1) The narrow-band (up to 10 kHz) signals can be passed through the model in real time using widespread Creative

Sound Blaster 16 -type sound cards as an input/output device of analog signals.
2) There are no band limitations when working in a near-real time.

In the conclusion we notice, that the suggested computer simulator was successfully applied by us for the
investigation of operation of both narrow-band and wide-band devices of HF communication system.
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