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OcHoBOM cucTeMBbl sBisieTcs NuHEHHBIM Mogem (JIM), B KOTOpOM peannu3oBaH HETPAAUIMOHHBIN BUA
MOJYJISILIMY - JIMHEeHHO-TapameTprueckas moxyisiius (JITIM) [1,2]. Unpes JIIIM poamnacek B Havane 80-X rofos mpu
peLIeHnH 3a/aul TIyOMHHOTO 30HIAMPOBAaHMUS 3€MHOW KOpHI mrymMononoOHbeMu curHaigamu [3]. Ipumenuts JIIIM B
CHCTEMax CBSI3M Ha TOM JTalle Pa3BUTHUsI MUKPOIJIEKTPOHUKH HE MPECTaBIUIOCh BO3MOXKHEIM. JITIM obnanaer psgom
LEHHBIX KA4eCTB — BBICOKOI IOMEXOYCTOHYMBOCTBIO, OTCYTCTBHEM MOPOTOBOTO 3(QeKTa, SKOHOMUYHOCTHIO,
cekpeTHOCThI0. Peanmuzarus JIM Bo3MOXHA JIHITL ¢ IPUMEHEHUEM ITUGPOBOH 00padOTKH CHTHAIIOB, IpHUYEM TpeOyeT
OonpIIOr0 00BEMa BBIYMCICHHH B pEalbHOM BpPEMEHH. JIOCTIKGHUS MHKPOAICKTPOHWKHM H, B YacTHOCTH,
cosepuieractBoBanue [[CII gemaroT Bo3MOXKHBIM BHeIpeHHe JIM B CUCTEMBI CBSI3H.

brok-cxema mpeyraraeMoli CHCTEMBI TIpUBeicHa Ha puc. 1.
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IepenaBaemoe coobmeHue s(t) pazouBaercs Ha pparMeHTHl IHTENbHOCTHIO Ts(0a3a - 2FsTs). B Onoke 2
BXONHOW curHam s(t) moasepraercs muckpetm3aruu (At=1/2Fs) m omudpoBke, 3aTeM dYepe3 KOMMYyTaTop 3
3amuchiBacTes (pparmentamu no 2FsTg oTcueToB moodepenHo B peructpel 5 u 6. Kommyratop 7 moakmovaer
MOOYEPEIHO 5 U 6 PErUCTPBI KO BXOAY MOJIYISATOpa 9, B KOTOPOM OCYIISCTBIISIETCS CBEpPTKa (hParMeHTOB CHUTHANA C
MOCTYTAIOIIUM 13 OJI0Ka 8 HeCyIIHM KOJIeOaHUEeM, COTJIACHO BBIPAXKCHUIO:

rue: x(i) (t)- dparMeHTHI CHTHANIA Ha BBIXOJIe MOIysiTopa; Y(t ) - Hecyiee KoneGaHnue;
. T .
()= y(t=1)s"(1)dv;
0

T<t<2T; i=1. 2T<t<3T; i=2... mT<t<(m+1)T; i=m. (1)

st (t)- GparMeHTHI IIEPEAaBAEMOTO COOOIIEHHS.

B kadecTBe Hecyliero koJjicOaHHs MCIIONB3YeTCS CIIOKHOE IMEepHOAnYecKoe Koyiebanue, mmeromiee 2FT
creniereld cBobozapl, npudem 2FT > 2FsTs. Hanmuue camoro Hecymiero koJjiebaHus HeoOs3arenbHO. Ero Moxker
3aMEHUTH TOCJICAOBATEIBHOCTh YHCENI C TEM JKe mepuonoM T, TPaKTyeMbBIX KaK OTCYCTHBIC 3HAYCHHUS HECYILETO
Koyie0aHusl. DTH OTCUCTHBIC 3HAYCHHS, KaK HE3aBHUCHMBIC YHCIA, SBIIOTCS MOIYIHPYCMBIMH MapaMeTpamu. B
pesynbrate JIIIM Ha BhIXOHE ONMoka 9 WMMeeM OTCUYCTHBIC 3HAYCHUS MOIYJIMPOBAHHOTO KOJcOaHMs, KaXKIOC W3
KOTOPBIX SIBJISETCS PE3yIbTaTOM JIMHCHHOTO B3aMMOJICHCTBUS BCEX CTCIECHEH CBOOOMBI HECYINETro KoJeOaHhs CO
BCEMHU CTEIICHIMHU CBOOOBI (pparMeHTa mepe1aBacMoro COOOIICHUS.
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YuuThiBas JUCKPETHBIA XapaKTep CUTHAJIOB, BhIpakeHHe (1) MOXKHO MPeICTaBUTh B TUCKPETHOH opMe

(i) (1)
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(i) (i)

2= 12 s i=L2..m (2)
x’(1i) S’(1i)

Martpuna [y] — kBagpaTHas n-ro MOPsJKa; BCE CTPOKH €€ IMOJIyYaroTCsS W3 NEPBOHM IyTeM LUKIHMYCCKHUX
MePEeCTaHOBOK.

IMocne okoHuUaHUs IEPBOro (parMeHTa KOMMYTATOp 7 MOJKIIIOYAET HA BXOJ MOAYJISITOPA BTOPOH (hparMeHr,
XpaHAIMACs B peructpe 6 u T.n1. OTcUeTHbIe 3HAYCHHS] MOIYJIMPOBAHHOTO KoJieOaHHS TMOCTymaroT Ha Omok 10

(bopMupoBaHHs OTCYETHBIX (YHKIMH BHIa Sl”% ( 1+cos% ), KOTOpble B cymMMe (OPMHUPYIOT CHIHAI,

3aHuMaromuil monocy F co cpenneil wacroroit fc , mpuromsslif ans mepegauu no kaHamy. C TOYKM 3peHUs
TEXHUYECKOHM pealn3aluy [eIecoo0pa3Ho MPOBOIUTE (POPMUpPOBAHHE BHIXOJHOTO CHTHAja Ha BBICOKOCTAOMIBHOM
MIPOMEXKYTOYHON YacToTe fc, a mepeHoc crmekTpa yxe cHOPMUPOBAHHOTO CHTHAjda B JMANA30H, OTBEACHHBIN IS
CBSI3M, TPOBOJAWUTH OOBIYHBEIM OOpa3oM. Ecimu mmpuHa cHekTpa meperaBacMOro COOOIICHHS MEHBIINE IIHPHHE
JINana3oHa YacTOT, OTBEJCHHOTO I CBSI3M, TO MOXXHO YMEHBIIUTH mepuon T Hecymero KoieOaHus B I pa3 U
YBEIMUYUTH 1Mosiocy 4acToT F B r pa3 (2FT=const). B pe3ynprare moaydnM MOAyIMPOBaHHOE KoJieOaHWe GparMeHTa
COOOIIIeHHs, 3aHUMAIOIIee TI0JI0CY YacTOT B I' pa3 MIMPE 3a BpeMs B I pa3 MEHbIee ero anurenbHocTH. ObOpasyercs
pe3epB BpeMEHH, KOTOPBIH MOYXHO WCIIOJIB30BAaTh IS I-KPaTHOTO TIOBTOPEHHS (parMeHTa cooOlIeHMs, a Ha
MIPUEMHON CTOPOHE IOBTOPSEMBbIE OTPE3KH CHHXPOHHO CIIOXHTh. EcCiM d9ucio crermeHedl cBOOOABI (parMeHTa
cooOmIeHrs1 OOJbIlle 4YHCla CTEleHed CBOOONIBI TMOMEXH B KaHaje, Ha KOTOPbIE TPOCTHPAIOTCS 3aMETHBIC
CTAaTHCTUYECKUE CBSI3M, TO MOXHO CYHTATh IIOMEXH Ha PA3IMYHBIX peaju3aIisax MOBTOPSAEMBIX OTPE3KOB
HE3aBUCHMBIMH U B pe3yibTaTe HakorwieHus oTHomeHue C/I1 Bo3pacTaer B r pas [4].

Ha mpueMHOl CcTOpOHE CHTHAN TOCTYIaeT Ha BXOA JaeMonyisrtopa 12 m Ha Bxon Oimoka 11 BeimeneHus

i .
CHHXpOCHTHaJA. [ BRIAETICHNS MOIYIHPYIOIIETO KOJIeOaHus st (t) TPUHATHINA CHTHAI TOJDKEH OBITH MOABEPTHYT
JIMHEHHOMY TIpe0Opa30BaHUIO

TT T
2t)=[[y(t—06-1)s(1)g(0)dtdO+[n(1—6)g(0)dd (3)

00 0
rae g(t) — UMITyJIbCHAs XapaKTEPUCTHKA AEMOAYIATOPA.

Monem, y koToporo g(t) u y(t) BEIOpaHBI M3 yCIOBUS MHHAMH3AIMK CPETHEKBAIPATHIECKOTO OTKIOHCHHUS
z(t) oT s(t) HA30BEM CTATUCTHYECKH COTIACOBAHHBIM C ITOMeXaMHu B kaHaie. Kak mokazaHo B [5], y coriiacoBaHHOTO
MozeMa:

g(z)=2£ [N, —N(®) M) g, [g]=[y]" (4)
T _o

rae: N(w) — sHepreTrudeckuii criekTp momex; N, - MOCTOSHHOE YHCII0, MpeBbimaroniee mukoBoe 3HaueHne N(w); V()
— npou3BONbHEIHA (azosbiii crektp; [g] u [y]! — B3aMMOOGpaTHBIE MATPHUIIBI, TIOCTPOCHHbIE H3 OTCUCTHBIX 3HAUCHHIT
g(t) 1 y(t) myTeM HUKIMYSCKUX TePECTaHOBOK.

AJTOpUTM pabOThI IEMOYJISITOPA OMUCHIBACTCS CIICIYIONINM BBIPAKCHUCM

s'r—1)= (W (1T )x"(T 1) g(37 —1-1)dv; i=12,....m (5)

rae: u;l ) (T, T ) - ckanmpyromas QyHKIMs, 00Ia1aronas CaeyOIUMI CBOMCTBAMU:

ugi)('c,T):l mpu 0<t<T u T<t<2T; 0 npu Bcex apyrux Tu T.
Ha pruc.2 nmoka3ana cxema JeMOAYISITOpA.

CKaHHpYIOMUH KOMMYTATOP, PEATU3YIOMNN (YHKITHIO ‘Ltt(l) (T, T) , B MOMEHT t = iT moakitoyaeT mnepebie

N OTBOJOB JIMHUM 3a[eP)KKA KO BXOJaM CymMMaropa, a 3aTeM, uepe3 MHTepBaibl At 100aBisSe€T MO OJHOMY OTBO.IY
CIpaBa W pa3pblBacT MO OJHOMY OTBOJAY CJCBa TaK, 4TO TCPYIIa W3 N MOJKIFYCHHBIX K CyMMAaTOPY OTBOJIOB
MIPOJIBUTAETCSI BIOJIb JIMHUHU 33/IEPXKKH, COIIPOBOXKAAs CUrHaIl. BecoBbie k03 uIMEeHT HA OTBOAX JIMHUU 3aJIEPIKKA
BOCITPOHM3BO/IST MIEPBYIO CTPOKY M MEPBbIi CTONOCI] MATPHIIBI [g], MPOYNTAHHBIC CIIPaBa HAJIEBO U BHU3.

C BBeIXO/a mAeMoayyaToOpa (parMeHTHl CHTHAJIA TOCTYNAloT Ha HaKalUTMBAIOIIUe cymMMmaTopel 13 wmu 14, B
KOTOPBIX OCYIIECTBISIFOTCS CHHXPOHHOE BECOBOE CyMMHPOBAHHE BCEX I MOBTOPSIEMBIX peanu3anuii. HakoruieHHbIe
(parMeHTsI ¢ BEIXOJ0B CyMMATOPOB MI00YEPEJHO CUUTHIBAIOTCS OJIOKOM CUMTHIBaHUs 15 M MOCTynaroT Ha BHIXOL 1.

B cury muHeliHOCTH MozeMa BbIOOp Matpuilsl [y] B popmyne (2) He 3aBUCHT OT MaTpunsl [s] . Tak, mepBas
CTpOKa MaTPHIIBI [y] MOXKET OBITh MPOU3BOJILHBIM Ha00poM uuced. COOTBETCTBEHHO U KojeOaHue y(t) MOXKET UMETh
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MPOU3BOJILHYI0 (popMy. DTO TMO3BOJSIET TpHW Tepeaade JoOBIX COOOIIEHWI BBHIOWpATh HE3aBUCHUMO HeECyIee
KoJiebaHHe TaK, 4TOOBI ONTUMH3UPOBATH CHCTEMY MO KaKoMy JIMOO KPHTEPHIO, B YACTHOCTH, COTJIACHO BBIPAKEHUIO
(4), a mpu 0TOOpaKEHNH COOOIIEHUI HAa CUTHAJIBI BHIOMPATh CUTHAJBI TaK, 9YTOOBI ONITUMU3HPOBATH CHCTEMY TI0 TOMY
e I UHOMY KPUTEPHIO.

2T-At
% JIvHus 3anepKKu
2 (g i 2 g Zn i 2

\/ \/
— CkaHupy0OIH KOMMYTaTOp
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MoskHo TIoKa3aTh [6], uTo oTHOMIeHne C/I1 Ha BBIXO/IE IMHEHHOTO JEMOTYISTOpa paBHO

1/ T2 d
(C/) :PSBbIX - A_'LS (0)) ¢ (6)
7755 PanIX T
Vi IN(o)IN,, - N(o)]do

Boiurpeim otaomenust C/I1 B JIM paBeH

(T . = sw)
_LN(w)[Nm N(o)]do _LN,,,—N(@)

IIpu 3a7aHHOI MOIIIHOCTH CUTHAJa BBIUTPBILI 3aBUCUT HE TOJIBKO OT CTPYKTYPBI IIOMEX, HO U OT CTPYKTYpPBI
curHana, xoTs otHomienue C/I1 He 3aBUCHT OT CTPYKTyphl curHana. ClieoBaTeIbHO, NPU 3aJaHHON MOIIHOCTH,
MEHSS CTPYKTYpPY MepeaaBaeMoro CUrHaga MOKHO YBEJIUYUBATh WM YMEHBIIATh BBIUTPHIII, HE U3MEHSSI OTHOLICHHUE
C/I1 Ha BEIXONE AEMOIYNATOpa. MaKCUMAaNbHBIH BBIMTPHINI, KOTOPBIA MOXHO MONYYUTh B JAaHHOM KaHAllC TPHU
ucnois3oBanuu JIM paBen

oo

[N, - N(o)}do TN(O) ) dw
Bmax: oo = ;oo (8)
[N(w)[N,, - N(o)]do [[N,, - N(®)]do

Bemurpeimn Tem Oostbiiie, ueM 0osiee HEpaBHOMEPEH YHEPTETHYECKUH CIIEKTp oMeX B kaHaie. M3 dopmyi (7)
u (8) cienyer, uro BeIMTphIM He 3aBucHT OT oTHoueHus C/I1 B kanane. JIM He npucyny MOpOroBeie SIBICHUS, KaK
9TO UMEEeT MeCTo, Harpumep, npu UM.

CpaBHUTENBHBIN aHanu3 nomexoycroitunBoct JIM u UM [2,6] moka3siBaeT, 4To BeIATpHIT oTHOIIeHUs C/T1

npu JIM, paboraromeM B peXxuMe CHHXPOHHOTO HAaKOIUICHHUS, pPaBeH KOI(PQHUIMECHTY PacHIMpEHHs IT0JIOCHl YacTOT
pu MoayJsinuu HesaBucuMo ot otHomeHus C/I1 B kanane. [Tostomy JIIIM mnpum cinaObIX CHrHanaxX 3HAYMTEIBHO
IIPEBOCXOIUT MO MOMEX0YCTONYUBOCTU YACTOTHYIO MOAYJISIMIO.
Hawnbonee mepcrieKTHBHON TIO0 MOMEXOYCTOWYMBOCTH CXEMOW SBISETCS cxeMa, oObenuHstomas B cebe UM u JIM.
ITpu >TOM B cxeme Ha pucl mo6aBIsAeTCS YaCTOTHBIN MOIYIATOP | M 4aCTOTHBINA MeMOIysATop 16, a CHTHAT TOJaeTCst
Ha BXOJ 2 W CHHMaeTcs ¢ Bbixona 2. Bemrpsim otHomenus: C/I1 muist 3Tol cXeMbl paBeH MPOM3BEICHHUIO BHIUTPHITICH
JIM u UM. Cxema obOwvemamuser nocromrctBa UM wu JIM, mpeomoneBas TiaBHBIH HexoctaTok UM — mopor
TIOMEX0YCTOHYHBOCTH.

CpaBHEHHUE TI0 SKOHOMHYHOCTH CXEeMBI, 00beauHstonei B cede JIM u UM, u cxemsr ¢ UM moka3biBaeT, 4To
BBIMTPHII MOIHOCTH 1pu oTHommeHnu C/I1 >> 1 B mone3y cxemsl ¢ UM, a npu C/I1 < 1 B monb3y cxembl «UM+JIM».

AmnanornuHoe cpaBHeHue cxembl «UM+JIM» um cxembr ¢ JIM, pabortaiomeil B peXuMe CHHXPOHHOTO
HaKOIUICHHUS], TTOKA3bIBAET, YTO BHIUTPHII MOIIHOCTH NP KO3()(UIMEHTE paclIMpeHHs MOJIOChl YaCTOTHOTO MOJEeMa
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MeHbIIe 4,2 — B onb3y JIM, a mpu koadduimente pacmupenus 6onpine 4,2 — B mosb3y «YM+JIM» He3aBHCHMO OT
YpOBHSI CHTHAJIa B KaHAJE.

bnarogaps nmpumenennro JIIIM cuctema obnamaeT BBICOKOW CKOPOCTHIO Tepedadd WHPOpMAaIUH, PaBHOK
MIPOITYCKHON crocoOHoCcTH KaHana. Bemurpeim otHOomenus C/I1 paBeH kodhGUIIMEHTY pacIIUPEeHUs TOJOCHI YacTOT
pu MoxynsuH. OTCYTCTBYET HOPOTOBBIN 3((eKT, HOATOMY IPH MAaJBIX CHTHAIAX CHCTEMa MPEBOCXOAUT CHCTEMBI C
YaCTOTHOW MOIYJIIINEH U MOXKET paboTaTh «I10J] IITyMaMID».

Cuctema o00nasacT BBICOKOW 3alUINEHHOCThIO WH(popmarmu. [lepexBar u pacmmdpoBKa COOOIICHHIA
HCKJIFOYCHBI, TaK KaK Hecylee KolebaHue M COOOIICHNEe HUKOTIa He OBIBAIOT B KaHaJC TOPO3Hb. OHH MPUCYTCTBYIOT
TOJILKO B CBEPTKE, 0 KOTOPOH HEBO3MOXKHO OIPEIEIIUTh Hecyllee KoJieOaHue, oA00HO TOMY, KaK 110 CyMME HElb3s
OINpENeNIUTh CcliaraeMbie. A 0e3 3HaHHWsS HECYIIEro KOJICOAHUS HENb3s OCYHICCTBUTH AeMonmyisiutoo. Kpome Toro,
Hecyllee KoJicOaHHEe MOXKHO MEHSATh KaK YTOJHO 4YacTO TNPOCTOW CMEHOM CONEPKUMOTO IIaMsTH Oyoka 8.
CHHXpOCHUTHAJ TaKXKe HEAOCTyIeH pacmmdppoBke. OH mepeaeTcst U3 perucTpa 4 mepBbIM B MAYKE U3 MOBTOPSIEMBIX
OTPE3KOB COOOIICHUS M MMPOXOAUT Yepe3 KaHall HapaBHE C APYTHMH peaTu3alisaMu.
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HIGH-PROTECTED SYSTEM OF TRANSMISSION OF ANALOG SIGNALS AND DISCRETE
MESSAGES BY LONG SECTIONS
Samoilov A.IL., Volinsky D.N.

The system uses the linear-parametric modulation (LPM). A transmitted message splits into segments of T,
(B=2F; T_) in duration. In the unit 2 input signal expose to sampling (At = 1/2F; ) and digitization, then the signal
saves in segments of 2F; T, readings in registers 5 and 6 by turns through the commutator 3. The commutator 7
connects registers 5 and 6 in turn to the modulator 9, where the convolution of signal fragments with a carrier-
oscillating signal, coming from the unit 8, is implemented. The complex of periodic oscillations with 2FT ( 2FT = 2F;
T, ) rates of freedom can be used as a carrier-oscillating signal, but it is not necessary to use a carrier signal at all. It
can be replaced by a sequence of numbers with the same period T, treated as readings of a carrier-oscillating signal.
These readings (mean independent numbers) are the parameters that can be modulated. As a result of LPM we have
readings of a modulated signal on the output of the unit 9, every of them is a result of a linear interaction all of the
freedom rates of a carrier-oscillating signal with all of the freedom rates of a transmitting message segment. After
ending of the processing of the first segment the commutator 7 transmits the second one from the register 6 to the
input of the modulator etc. Readings of the modulated signal steps to the unit 10, where reading functions form a
suitable for transmission over the channel-summarized signal, using the wave range of F with the middle frequency as
large as f.. In the input and in the output of the channel can be located frequency converters for transforming the
signal spectrum to the proper range.
It’s possible to reduce the oscillation period by r times and to extend the wave range by r times (FT= const). As the
result we can have a modulated oscillation of message segment, using a range r times wider r in a time interval r times
shorter than the segment’s duration. In this way there is a reserve of time for repeating the segment r times. Repeated
segments can be summarized synchronously in the receiving side. If the number of freedom rates of the message is
greater than the number of freedom rates of the interference in the channel, on which valuable statistic
coherences are spread, the interferences on different realizations of repeated segments can be treated as independent,
and as the result of an accumulation the S/I ratio increases by r times. In the receiving side the signal flows to the
input of the demodulator 12 and to the input of the synchrosignal detection unit 11. The demodulator has an impulse
characteristic, which correlates with a carrier signal in such a way that a matrix of carried signal readings and a matrix
of impulse characteristics of the demodulator are inverted one to another by means of cyclic transpositions. Signal
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segments flow from the output of the demodulator to the accumulating summator 13 or 14, where synchronic
summation of all r of the repeating realizations is carried. The unit 15 reads in turn signal segments from the output of
the summator, then segments flow to the output 1.

Using LPM increases data transfer speed till the handle capacity of the channel. The S\I ratio equal to the
coefficient of the extension of wave ranges in modulation. There is not a threshold effect, so system with small signals
out-performs frequency-modulated system and can work “under noises”.

If frequency modulator 1 and frequency demodulator 16 add to the system and the signal gives to the input 2,
the system unite advantages of frequency modulation and LPM. In this case the S\I ratio gain equal product frequency
modulation and LPM gains. Line modem help here to overcome a threshold effect of the frequency modulation.

The information in this system is high protected. Any interception or decoding is impossible because carrier
oscillation and message never flow separately in the channel. They are keeping only in convolution and carrier
oscillation can not be extracted, as the component can not be calculated from the sum, when for demodulation the
carrier oscillation should be known. More then that, changing the contents of unit 8§ can change carrier oscillation.
Synchrosignal can not be decoded too. It is transmitted the first in the packet of repeated messages segments from
register 4 and flow through the channel equally with other realizations.




