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Annoranusi. CoBpeMeHHOEe 00IIeCTBO HEBO3MOXKHO TPENCTABUTh 0€3 TeJICKOMMYHH-
KaI[MOHHBIX CUCTEM, B KOTOPBIX €KEIHEBHO IMEPENaloTCsl KOOCCAIBHBIE 00BEMBI TAHHBIX.
HanexHaocTs 1 6e30macHOCTh 3TOH MH(GOPMAIIMH MMEIOT KIIOYCBOE 3HAUYCHHE — KaK JUIs
TOCYAapCTBEHHBIX CTPYKTYP ¥ KOMMEPYECKHX OpraHU3alHid, TaK U JJIsl YaCTHBIX MOJIbh30Ba-
Teneil. B mpomecce nepenaun AaHHBIX MO NH(POBBIM KaHAllaM BO3ZHHKAET PsIIl MPOOIEM,
CBSI3aHHBIX C UCKKEHMSIMU CUTHAJIA, HAPYIIEHUEM CHHXPOHU3AIIUU U BO3MOKHOCTBIO He-
CaHKIIMOHUPOBAHHOTO JocTyna. OaHUM U3 3P PEKTUBHBIX HHCTPYMEHTOB IOBBILIICHUSI YCTOM-
YUBOCTH U KOPPEKTHOCTH IEPEaaun sABjsieTcs udpoBoe ckpeMOnupoBanue nanubix. C pas-
BHUTHEM TEICKOMMYHHUKAIIHOHHBIX TEXHOJIOTUH U BO3pacTaHWeM TpeOOBaHMiA K Oe30macHoC-
TH HHQOPMAITMOHHBIX CUCTEM METOJbI CKPEeMOIMPOBAHHSI HAYaJIH UCTIONB30BaThCSI HE TONb-
KO B MH)KEHEPHBIX I[eTISIX, HO M KaK 3JIEMEHT KOMITJIEKCHOH 3alIUThl JaHHBIX. COBpeMeHHbIE
CTaHJAPTHI CBSI3H BKIIFOYAIOT CKPEMOJIEphI KaK 00s13aTeNbHbIN KOMIOHEHT (PU3HYECKOTO YPOB-
Hs1. [Ipu aToM B chepe nHDOpMaIHOHHOH 6E301MacHOCTH HAOMIOIAeTCsl TEHICHIIHS UHTETrpa-
IIUH PHHIAIIOB CKPEMOITUPOBAHS C KpUIITOrPAQUECKIMU MEXaHU3MaMHU TSI JIOTIOJTHUTENb-
HOTO YpOBHS 3aIIUTHI. L{ens Hay4HOM paboThl — HCCIe0BaTh TPUHITUITH IU(POBOTO CKPEM-
ONMMpPOBaHUS JaHHBIX U ONPENENTUTH €r0 POJIb B 00ecriedeHuH HH(opMaIlMoHHOH Oe30macHoc-
TH. OCHOBHBIMH 33/1a4aMH MCCIIEAOBAHUS SBISIFOTCS 0030p OCHOBHBIX IPUHITUIIOB CKpeMO-
JUPOBAHUS U KIlaccH(PUKaIUsS THUIIOB aIrOPUTMOB, COBPEMEHHBIX ITOJXO/IOB K 3allUTe JIaH-
HBIX, OI[CHKa 3P QEKTUBHOCTH Pa3IHYHBIX AITOPUTMOB CKPEMOITHPOBAHISI, BKITIOUAsi CPABHU-
TENBHBINA aHAIH3 UX YCTOWYMBOCTU U TPUMEHUMOCTH; IPOBENICHUE YKCIIEPUMEHTATbHBIX HC-
ClleOBaHUH U cpaBHEHHE 3 (HEKTUBHOCTH METONIOB CKPEeMOIMpPOBaHuUs TaHHBIX. Pe3ynbra-
ThI pa0OTHI MOTYT OBITh MPUMEHEHBI MPU Pa3padOTKE M MPOSKTHPOBAHUY CUCTEM Tepe/iadn
VIPaBJISOMUX W TEIEMETPHUECKUX JAHHBIX B MPOMBIIUICHHBIX W PACIPEICICHHBIX CETIX,
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rae Tpedyercs BHICOKAst HAJeKHOCTh, CHHXPOHHOCTh U YCTOMYMBOCTH K TIoMexaM. Peann3o-
BaHHBIE CXEMbI CKPEeMOJIEPOB MOTYT CIIY>KUTh OCHOBOH ISl TajlbHEHIINX MCCIIEIOBAHMM 11O
ONTHUMH3AIINHY aJITOPUTMOB KOJJMPOBAHUS U 3allIUTE IIU(PPOBHIX KAHAIOB CBSI3H.

KtoueBble ciioBa: 1idppoBoe ckpeMOIMpoBaHKe, 3aIATa JAHHBIX, aJJUTUBHBIN CKPEM-
6mnep, O1ouHbIH ckpemOepbl, 3Q(HEKTUBHOCTD, OIMMOKU H YCTOWYHBOCTb.

LudpoBoe ckpeMOIMPOBAHKE TPEACTABIISA-
eT co0oii mporiecc Mpeodpa3oBaHus MOCIEI0Ba-
TENFHOCTH JBOWYHBIX JAHHBIX C IIEIBI0 yCTpa-
HEHHS 3aKOHOMEPHOCTEH B TTOTOKE U TTOBBIIIICHUS
€ro CTaTHCTUYECKON paBHOMEPHOCTH. B ornu-
gre oT mu(poBaHus1, CKpeMOJINPOBAHUE HE IPE-
HA3HA4YEHO JUIS CKPHITUS COIEPKHUMOTo HHQOP-
MaIu, a 00ecreunBaeT ONTHMaIbHbBIC CBOWCTBA
CHTHANA JUIs TIepeiavy 1o KaHaly cBsi3d. [ JaB-
Has 3aj1a4a CKpeMOJIIMPOBAHMS — MPEIOTBpAIIe-
HUE BOSHUKHOBEHUS JUIMHHBIX OJJHOTHITHBIX ITOC-
JeoBaTeNbHOCTEH OMTOB, KOTOPBIE MOTYT Ha-
pyLaTh CHHXPOHU3AIHIO IPHEMHOTO 000pY/I0Ba-
HUSI ¥ CHUKATh KadecTBo mnepenauu [1; 2]. Q-
TENbHBIC CEPUH OJMHAKOBBIX CHMBOIIOB YMEHb-
MIAF0T KOJIHMYECTBO TEPEXOOB B CHUTHAJIE, YTO
3aTPYAHSET BBIJCTICHUE TAKTOBBIX UMITYIECOB H
MOXET IPUBOJIUTH K OMMOKaM BOCCTAHOBJICHUS
JTAHHBIX.

CkpeMOmpoBaHue peaar3yercs ¢ UCTIONb-
30BaHMEM T'€HEPATOPOB TICEBIOCTYYaHBIX MOC-
JIeOBaTENFHOCTEH, Yalle BCero Ha OCHOBE JIH-
HEHHBIX PETUCTPOB C/IBUTA C OOPAaTHOW CBSI3BIO
(LFSR). Kaxpiii OMT HCXOIHOIO ITOTOKA MOJIU-
¢dupyercs B COOTBETCTBHH C COCTOSIHUEM Te-
HepaTopa, 4YTo 00ecIeyrBaeT MCeBI0CTydaiHOe
pacrperneneHue CHMBOJIOB H COXpaHeHne obpa-
TUMOCTH TIpoliecca. ITO MO3BOJSIET TPUEMHHKY
BOCCTaHOBHTD UCXOJIHBIC IAHHBIE ITPH H3BECTHOM
ITOPUTME U HaYallbHBIX TIapaMeTpax reHeparo-

pa. Ha pucyHke npencraBieHa obmas cxema
cKkpemOiiepa — nmeckpemoiiepa.

Hcnonb3oBaHue cKpeMOIUPOBaHUSI TTOJIO-
KUTEIBHO CKa3bIBAETCS HA XapaKTEPHUCTHKAX
nudpoBoro kaHana cBa3u. [IpeoOpa3oBaHHEBIH
MMOTOK JaHHBIX IpHOOpeTaeT Oojiee paBHOMED-
HOE paclpeiesieHue HyJIed U €IUHULL, YTO YIyd-
IIaeT CIeKTpaIbHbIC CBOWCTBA CUTHANA M CHU-
JKaeT BEPOSTHOCTh BOSHUKHOBEHHS momex [3].
OnHOBpEMEHHO YMEHBINAETCSI BEPOSTHOCTh TO-
SIBTICHU S JUTMHHBIX [TOCJIEIOBATENLHOCTEH OTMHA-
KOBBIX OMTOB, YUTO MOBBIIIAET YCTOHYUBOCTD Ka-
HAJIOB K COOSIM CHHXPOHH3AIIUH U CHIKAET KO-
nuyecTBo omubok mepenadu. C mpaxTuyec-
KOW TOYKH 3pEHUS 3TO 00eCIeunBaeT CTaOuIb-
HYIO pa0OTy CETEBBIX POTOKOIOB 1 MOBBIIIACT
HAJEXKHOCTh CHCTEM Iepeaadyd JaHHBIX.
CkpemMOnupoBaHue CO3/Ia€T YCIOBUS JUISI KOP-
PEKTHOM CHHXPOHHU3AIINH, CTA0OWIIBHOM Tiepena-
4y WH(OpPMAIMKM W YIPOIIAET MOCICAYIOIIEe
MPUMCHECHHE METOJIOB KOJMPOBAHUS U 3alIH-
TBHI IaHHBIX.

Brina BeITONIHEHA TpaKTHYECKas peasin3a-
nus AByX ckpemoOiepoB B cpene MATLAB/
Simulink: agauruBHOTrO (cUHXpoHHOTr0) LFSR 1
6nounoro (frame-based) Tuma. JIunelinsii (cuH-
XpOHHBIH) ckpemOnep Ha ocHoBe LFSR, mpu ko-
TOPOM U IEPEAAIONINM, U TPUHUMAIOIIUIN CKpEM-
Orepbl I3HAYATEHO CHHXPOHH3UPOBAHBI U KCITOMb-
3yIOT OJIMHAKOBOE HAYalIbHOE COCTOSIHUE PErHC-
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Tpa. brnounsiii (frame-based) ckpembiep, ocy-
IIECTBIISIOMUN CKPEMOIMPOBAHNE JTaHHBIX I10
KajpaM (GUKCHPOBAaHHOM JUTMHBIL, YTO MO3BOJISIET
CPaBHUTh €ro 3(PQPEKTUBHOCTh U OCOOCHHOCTH
paGOTLI OTHOCHUTEJILHO JIMHEHHOTO BapuaHTa.
HpOBe}IeHBI SKCIICPUMCHTBI C Pa3jindYHbIMU
O6’LeMaMI/I JaHHBIX, BBIIIOJTHCHBI U3MEPEHH A CKO-
POCTH, TPOMYCKHOM CITOCOOHOCTH M SHTPOITHH
notoka. [TomydeHHbIe pe3ynbTaThl MPEACTaBIIe-
HbI B Tabmuax 1-3.

Ha ocHOBe moiy4eHHbBIX PE3yJIbTaTOB MOK-
HO caenath cpaBHeHUE agmuTuBHOTO LFSR-
cKkpeMOiiepa U OJIOYHOrO CKpeMOJiepa Mo Tpem
OCHOBHBIM KPHUTECPHUAM: IMPOU3BOJUTCILHOCTD
(cKOpoCTh pabOTHI), MPOMYCKHAS CIOCOOHOCTH U
SHTpOMHS (CTEMEHD «CIYIaHHOCTHY BBIXOTHOTO
noroka. biouHbIi ckpemOiep okasbiBaercs 00-
Jiee MPOU3BOJUTEIHHBIM (BBIIIE CKOPOCTh U TIPO-
MyCKHAsI CIIOCOOHOCTD) IIPH 00pabOTKe OOJIBIINX
JaHHBIX, a TAKXKE 00CCIIEeUUBACT JIyUIIYIO JHT-

H.H. Epmaroea. ViccnenoBanue MpUHIKIOB HU(PPOBOTO CKPEMOINPOBAHUS JaHHBIX

POIHIO Ha MasibIX o0beMax. AxautuBHbii LFSR
ObIcTpee Ha HEOONBIIMX JAHHBIX, HO YCTYyIaeT
Ha OonbIux BeIOOpKax. Eciiu TpeOyercs BbICO-
Kas MPOU3BOAUTEIHLHOCTh U YCTOHUMBOE Kade-
CTBO ITpH padoTe ¢ OOIBIIMMH MacCUBaMU, OI0U-
HBIA ckpemOnep npennouytuteneH. Eciau BaxkHa
MPOCTOTa peanu3aniu U 3 PpeKTHBHOCTH Ha Ma-
JIBIX TaHHBIX, agauTUBHEINA LFSR Taxke BnonHe
nonyctuM. O0a Tuna 00ecreurnBarT A0CTaTOY-
HYIO CTEIIEHb CKPEMOIMPOBaHS 115l IU(POBBIX
CHICTEM, OJJHAKO OJOUHBIN CKpeMOJIep naeT 4yTh
JyYITHE PE3yNBTaThI 110 MPOIYCKHOM CIIOCOOHO-
CTH ¥ MAKCUMAJTbHOM SHTPOITHH.

CoBpeMeHHBIE TTOIXOBI K 3aIIUTe TAHHBIX
CTpOSITCS. HA KOMOWHAIIMM METOIOB Pa3InYHOrO
YPOBHSL: OT HU3KOYPOBHEBOT'O CKPEMOIMPOBAHHS U
KOIMPOBAHHUSI JI0 BRICOKOYPOBHEBOTO I (PPOBAHUS
W yrpaslieHus: JoctyroM. CKpeMOIpoBaHue B
3TOH cHCTeMe WrpaeT pojib 0a30BOro MeXaHW3-
Ma, TIOBBIIIAIONIET0 YCTOMYUBOCTh KAHAIOB CBSI-

Tabnuya 1
CpaBHeHHe CpelHeil CKOPOCTH PadoThl, C
Kom-Bo Ouros Anmurusaeiii LFSR Bbnounsrit
10 0.091 0.094
1000 0.102 0.105
10000 0.213 0.208
50000 0.725 0.681
100000 1.334 1.248
Tabnuya 2
CpaBHeHHUe NPONYCKHOH CIMOCOOHOCTH, KOUT/C
Koi-Bo OutoB AnmaruBabii LFSR Biounsri
10 0.11 0.11
1000 9.83 9.63
10000 46.92 48.17
50000 68.96 73.51
100000 74.98 80.10
Tabnuya 3
Pe3yJ'II)TaTbI SHTPOIIUH, OUT/CHMBOJI
Kon-Bo OuroB AmmuruBabii LFSR Biounsni
10 0.68404 0.84535
1000 0.7963 0.78452
10000 0.8058 0.80965
50000 0.81038 0.80805
100000 0.81205 0.80964
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31 ¥ (HOPMHPYIOIIETO OCHOBY sl 3D PeKTHBHOM
paboThl IPYrUX CPEACTB 3aIUThI WH(OPMAIIHH.
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Abstract. Modern telecommunications are fundamental to society, transmitting vast amounts of
data daily. Information reliability and security are crucial for all users. Digital transmission faces challenges:
signal distortion, synchronization loss, and unauthorized access. Digital scrambling enhances transmission
stability and correctness. A key trend is integrating scrambling with cryptographic mechanisms for
layered defense. This research investigates digital scrambling principles and their role in information
security. Objectives include reviewing scrambling fundamentals and classifying algorithm types, analyzing
modern integrated data protection approaches, and comparatively evaluating algorithm effectiveness,
stability, and applicability. Theoretical analysis is supplemented by experimental studies comparing
method performance effectiveness. Results are applicable in designing control and telemetry systems
for industrial and distributed networks requiring high reliability, synchronization, and interference resistance.
Implemented scrambler schemes provide a foundation for future research into optimizing coding
algorithms and securing digital channels against evolving threats. The work bridges theoretical scrambling
analysis with practical security implementation, addressing current needs for robust data integrity and
confidentiality in critical infrastructure. Scrambling transforms data sequences to eliminate patterns,
preventing synchronization failure and reducing error propagation. This property is essential for modern
high-speed networks. The comparative evaluation focuses on parameters like autocorrelation, balance,
and linear complexity. Experimental modeling assesses bit error rate performance under various channel
conditions. The conclusion defines optimal scrambling applications within broader cryptographic system
architectures.

Key words: digital scrambling, data protection, additive scramblers, block scramblers,
efficiency, errors and resilience.
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