IHOPOPMAULUIVNHO-KEPYIOVYI

CMCTEMWU HA BANISBHMUNYHOMY TPAHCIOPTI

TabJIML JAHHBIX MBI MOXXEM XPaHHUTh IEPEeBO PELICHHH,
KOTOPOE COJIEP)KUT B KOHIIEHTPUPOBAHHON (OpME TOUHOE
ornucanue 00bEKTOB.

Juis  yBenmuueHHst CKOpPOCTH  0OpabOTKH  JIaHHBIX
1e1eC000pa3HO IPUMEHATD COBpEMEHHbIE
BBIYHUCIIUTENBHBIE  CTPYKTYPbl ~Ha  OCHOBE  HOBBIX

TEXHOJIOTHH, B YacCTHOCTH, Ha 0a3e HaHOMEMPHCTOPHOMN
noruku. Kommbrorep Ha 6a3e MEMPHCTOPOB MOXKET CTaTh
CYIIECTBEHHBIM IIarOM B Pa3BHTHU HOBBIX TEXHOJOTHH
Juisi obpaborku BIG DATA, mnockonbky OH CHOCOOCH
MOJIETTMPOBATh PadOTY YETOBEYECKOTO MO3Ta.

Kyxosuyxuii U.B., 3aey A.IL
(Anenponemposckuil HAYUOHATLHBLU YHUBCPCUMEM
HCENE3HOOOPOHCHO20 MPAHCNOPMA UMEHU
akademuxa B. Jlazapana)

OCOBEHHOCTH UMUTAIIMOHHOI'O
MOJEJIMPOBAHUS B CUCTEMAX
KOHTPOJISA U YIIPABJIEHU A
KEJIESBHOJOPOKHBIM TPAHCIIOPTOM
HNPEAIIPUATHUA

Cpemn  aKTyanbHBIX  3KOHOMHKO-MaTEMATHICCKUAX
METOZIOB, HCHOJNB3YEMBIX IPH MOICITHPOBAHUN CHCTEM
MOHHTOPHHIA W  YOPABICHWA  JKEIE3HOJOPOKHBIM
TPAaHCTIOPTOM  NPEANpHSTHS, O0CO0yl0 pOIb HIPaceT
UMHTAIHOHHOE MOJICTIPOBaHNE, TI03BOJISIONIEE
YUUTBIBATH CIIydailHbIe BO3ACHCTBHS HA TPAHCIIOPTHYIO
cucTeMy M C OONBIION  CTEHNEHBIO  BEPOSTHOCTH
NpeiCKa3blBaTh €€  IOBEACHHWE TpH  TEKyImleM |
JIONITOCPOYHOM IUTaHUpoBaHWW. Ha 0a3e orpaHH4YeHHOro
YHClia WCXOOHBIX MOMYIICHHMH W Ppa3BUTOH CHUCTEMBI
9KCMEPTHBIX OLEHOK C IOMONIbI0 METONOB HMHTAaIUU
MOXXHO TIIOJYYHTh HAIEKHOE pelIeHue MpoOIeMbl
OINITUMU3AIMU pabOTHI TPAHCHIOPTA HA TPEIIPHSTHH.

C nomoImipi0 UMHUTALUH TPEACTaBIACTCS BO3MOKHBIM
pa3paboraTh  00OCHOBAaHHBIE TIpaBWIA  YIIPABICHUA
TPAHCIOPTHBIM MAapKOM, HUCCIENOBATh €ro HCIONb30BaHUE
mpu  KPUTHYECKUX  HArpy3KaX, COBEpIICHCTBOBATH
WHPOPMAMOHHO-TPAHCIIOPTHRIE CHUCTEMBI IIPEIIPUITHS.
B xaxmom KOHKPETHOM  CIydae  IIOCTPOSHHE
WMHUTAIIMOHHOH  MONENTHM  OCHOBAaHO HA  H3Y4CHHH
JIEWCTBUTEIIFHOTO XO/a IPOIECCOB B peaJbHON CHCTEME H
NPEJICTABICHHE HMX C MOMOIIBI0 H30paHHOW CHCTEMBI
nokaszaresied. [Ipu 3TOM HET HEOOXOIMMOCTH MOATOHSTH
MaTeMaTHIeCKyl0 MOJETb IO HM3BECTHBIE KJIACCHl 3ajad
MaTEMaTHYECKOro IPOrpaMMHUPOBAHUS. JTO TO3BOJISET
OITUCBHIBATh TEXHOJIOTMYECKHH mporecc 03 CyIIeCTBEHHBIX
YIPOIICHUH.

VMuTanMoHHOE MOJENMpPOBaHHE IMIMPOKOTo Kiacca
MPOU3BOJICTBEHHO-9KOHOMUYECKUX M TPaHCIIOPTHBIX
cucteM TpeOyeT TNpOBEACHHs  CIEJYIOUIMX  3TaroB:
W3ydeHHe MOJENMPYeMOoro oOBbeKTa WM Ipollecca,
(dopMynupoBKa MpodJeMbl H IieJed  MOJEIMPOBaHUS,

(hopmanu3oBaHHOE orycaHue u paspaborka
MaTeMaTH4ecKol MojeiH, pa3paboTka MOJICIHMPYIOIIEro
QJITOPUTMa, COCTaBJIIGHHE IPOrpaMMbl MOJEIMPOBAHUS,
OIICHKA IPpUTrOAHOCTHU MOJCJIN, TUIaHUPOBAHUE 151
00paboTKa pe3ysIbTaTOB IKCIEPUMEHTA.

Creunduka  TPaHCIOPTHOTO  TEXHOIOTMYECKOrO
nporecca HakIagblBaeT ONpEAeIeHHble OCOOCHHOCTH Ha
NPOLECC MOJETUPOBAaHMUS. MOXHO BBIAEIUTH TaKylO
0COOEHHOCTb, Kak HEOOXOIMMOCTh TECHOT'0
B3aUMOZICHCTBHS MOJIeTeH MM OJIOKOB, OIMMCBIBAIOLINX
MPON3BO/ICTBEHHO-3KOHOMHIECKYIO JIESITEIbHOCTh CHCTEM,
C MPOIIECCAMH MX TPAHCIIOPTHOTO OOCITY>KUBaHHSI.

PaspaGoranHasi aBTOpaMuM WMHTALMOHHAs MOJEIb
paboTBl  KEJIE3HOOPOXKHOTO  TPAHCIIOPTa OJHOTO U3
KPYIMHCHIINX METAUTYPrHYCCKUX NPEINPUITHI Y KpauHbl
MO3BOJIMIIA HOBBICUTh 3¢ $EeKTHBHOCTD paboTsl
JOKOMOTHBHOI'O MIapKa IPEANpHATHS 3a cueT Ooiee
palOHaNBHOTO  paclpefeneHus  paboThl  KaXIOro
JIOKOMOTHBA.

Ceepeynosa 10.0., Jluceuxo B.11.
(Vkpaincoxuti oeporcasnutl ynisepcumem
3ANIZHUYHO20 MPAHCNOpMY, M. XapKis)

METOJ BUBHAYEHHS CIIIBIIAAIHb
MO3ULIA YACTOTHUX NIJHECHUX IIPU
KBA3IOPTOI'OHAJIBHOMY JOCTYIII HA

HNIJHECHUX YACTOTAX

Opniero 3 mpobieM mnpu (OpPMYBaHHI CHTHAIIY 3a
METOIOM KBa3iOPTOTOHATIBHOIO MOCTYMY Ha MiTHECHUX -
Quasiorthogonal frequency-division multiplexing
(QOFDM) - € 3agaua BU3HAUCHHS YaCTOTHUX TO3MUILH, SKi
CMIBMAJIM TIPU TIONIAPHOMY MOPIBHSHHI YaCTOTHHX IUIaHIB.
B pesympraTi HEOOHAKOBMX ~ BapiaHTIB  PO3MOILITY
HiHECHUX YacTOT BHUHHUKAE 3aJada BHM3HA4YCHHA 30iry
MO3UIIIH B PI3HUX YaCTOTHHX IUIaHAX aHCAMOJTIO.

KoedirienT ciBnaainHs BU3HAYAETHCA SK iHTErpaji Ha
MPOMIXKKY CMYTU YacCTOT BiX Fin 10 Fiuax HOOYTKY i-TO Ta
j-TO 9aCTOTHUX IDIaHIB 3 KPOKOM MiX MO3HIIISIMH B j-OMY
YaCTOTHOMY ITIaHi A.
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Iie A - KpoK iHTerpyBaHHS B 4aCTOTHiil oOmacTi.
YacToTHI TMO3WIIT CHIBNAAYTh TOMi, KONW 3HAYEHHS
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CMCTEMWU HA BANISBHMUNYHOMY TPAHCIOPTI

B pesynbrari BU3HAYCHHS NO3MIIH, SKi CHIBHAIA
MOXXHa 3pOOHMTH BHCHOBOK, II[0 M)XK JIBOMA IUIAHAMH, IO
MOPIBHIOBAIMCSL CIHIBIAJAe HE OUIbIIE HIDK II0 OJHIN
4acTOTHIM mo3uii. TakuM YUHOM KIJIBKICTh YacTOT, SIKI
chiBnany, Oyme JOPIBHIOBATH HAa OAHY MEHIIE HIK
KIJTBKICTh YaCTOTHMX IUTaHIB B aHCaMOJTi.

Merog  BH3HAYEHHS  YACTOTHUHM  IO3MIIN,  SKi
CHIBNA/Ial0Th, IPH [ONAPHOMY TOPIBHSIHHI YaCTOTHHX
TUIAHIB  JIO3BOJISIE  CIIPOCTUTH  Tpoiiec  (opMyBaHHS
YaCTOTHUX TIJIaHIB i 3MEHILIUTH piBeHB
BHYTPIIIHPOCUCTEMHUX 3aBaJl, M0 BHUHHUKAIOTH MpPH
OJTHOYACHOMY BHKOpPUCTaHHI 0aratbMa KOPUCTYBa4aMHU
OJTHUX YaCTOTHHX CMYT B CHCTEMaX KOTHITHBHOTO DPaJIio.
Le Jlae MOXIJTUBICTD TT1IBUITUTH MPOMYCKHY
CIPOMOXHICTh KOTHITUBHOI pajlioMEpexi.

Cnusaxk H.O., Yannanoea E.B.
(Xapvrosckuil HayuoHantbHwlll YHUGEPCUMEM
DPAoUOINIeKMPOHUKU)

OB OJJHOM ITOJXOJE K
PACIHIO3HABAHHUIO PYKOITUCHBIX

CHUMBOJIOB
PacriosHaBaHHe pYKONHMCHBIX CHMBOJIOB SIBIISICTCS
OJHUM W3 HAIpPaBICHHN pPACIIO3HABAHUA  OOPAa30B.

PacriosnaBanme 00pa3oB HPENCTABISIET COOOH CIIOXKHYIO
3a/ady Kak C TEOPETHYECCKOHW, TaK W MPAKTUIECKONW TOUKU
3peHHMsl, HECMOTPSL Ha TO, YTO C HEW JOCTATOYHO JIETKO
CIIPaBIISIETCS YETIOBEK.

IMTouepk cocTonT W3 BPEMEHHOH MMOCIEIOBATEIEHOCTH
IITPUXOB, TO €CTh JBIDKCHUHA Hepa OT MPUKOCHOBEHUS K
Oymare K ero moguaTuio. CUMBOJIBI MMCbMA, KaK IPaBHIIO,
¢dopMupyroTCS  IOCIEAOBATEIbHO,  OOWH  CHMBOI
3aBepIIaeTcad Iepel HadajloM CIEAYIOIIero, a OyKBBI
CIIElyIOT B ONpPENCICHHOM IIPOCTPAHCTBEHHOM IOPSJIKE,
HalnpuMep, cIeBa HaIlpaso.

JIeBO-BEpPX
IIPaBO-BEPX

JICBO npaBo JieBO

JICBO-HU3 TIpaBO-HH3 JICBO-HU3

Puc. 1. HanpaBneHnus mTpuxoB CHMBOJIOB

OCHOBHEBIE HpO6J’IeMBI pacrio3HaBaHUs PYKOIIHUCHBIX
CHMBOIJIOB: OONBIUHCTBO CHUMBOJIOB MOryT OBLITH
3alMCcaHbl  MO-pasHOMY; HECKOJbKO CHUMBOJIOB 4YacCTO
BBIIVIAOAT OJWHAKOBO, MM JAXEC HEC OTIWYAIOTCA B
TIOYE€PKE OHOr0 YE€IIOBEKA.

3a OCHOBY QJIrOpUTMa pacliO3HABAHUS PYKOIMHMCHBIX
CHMBOJIOB OBbUI B3ST IA0JIOHHBIA METOJ paclio3HaBaHMSI.
OH sABNSETCA ONHUM U3 CAMBIX CTOMKHUX K MCKaXCHUSAM
n3o0paxenunit. I[lpu aHanu3e pPyKOIUCHBIX CHMBOJIOB,
ObLTH BBIACJICHBI OCHOBHBIC OTJIUYHA MEXY HHUMU, I
peanuzanuu  MoAU(GUKALMK  AITOPUTMA: COOTHOILIEHHE
BBICOTBI M IIHPHWHBI HM300pakeHUs (CUMBoONA), IS
onpeneneHus kinacca OyKBbl (BBICOKAas HMJIM KBaapaTHas,
«a» mu «O»); HampaplieHHe ITprxa (pa3HUIA KOOPIUHAT
HAYJIbHOM ¥ KOHEYHOHW TOYKM CHMBOJA); aHAJIN3
MOBTOPHOT'O KOHTYpa; KOOPJWHATHl KOHEYHOH TOYKH
KOHTYpa.

Ilpn npakTHYECKOM TNPUMEHEHWH METO/OB  JUIA
CpaBHEHUsI NPU3HAKOB M KJIACCU(HUKAIMK H300paKeHHH,
OBUTO BBISBJIEHO, YTO CPAaBHEHHE COOTHOLICHHS BBICOTHI
HIMPUHBI N300payKeHUS, HAlIpaBJICHHUE IITPUXA, BBIICIICHHUE
KOOpJMHAT KOHEYHOM TOYKM HE MOIYT  SBISTHCS
IpU3HAKAMU JUId KIacCHU(UKALMK, T.K. CUMBOI MOXET
OBbITH HAHECEH C Pa3HBIMHU COOTHOIICHUAMH CTOPOH.

[Ipennaraercst ucHOIb30BaTh IPU3HAK ITOBTOPHBIX
KOHTYPOB, KOTOPBII MO3BOJISIET IIPOBEPUTH, IIPUCYTCTBYET
IM B H300paKCHUM JIMHHH, [O KOTOPHIM IPOM3BOIHUTCS
JIBOMHOEC TIPOBEICHUE TIepa, M HX PACIHOJIIOKCHUE
OTHOCHTEIFHO KOOPIMHAT M300paKEHHUS, YTO MO3BOJISCT
YBEIMYUTh TOYHOCTH pACIIO3HABAHMA CHMBOJOB Ha
BXOJIAIIEM M300paKECHHH.

Puc. 2. IIpumep mabiaoHa cuMBoIa

Jdna  cpaBHeHMs  THKceneil B HM300paxKeHUU
UCIONB3YeTC PA3HULA 3HAYCHUH IBETOB KaXIOTO U3
KaHAJOB W 3HaYeHHe Npo3payHocTH anbda-kaHama (1).
UYeMm MeHbIIE 3HAUEHHE PA3HUIBI — TeM Oolee CXOXHU
n300paKeHHS.

n
D= Z‘FS,- —r,i‘+‘gsl_ —g,i‘+‘bsl_ _bli‘+‘a5,- —a,i‘ ,
i=0
1)
I€ 71 — KOIMYECTBO IHKCENeH B u300pakeHuu, 7y —

3HAYCHHUEC KPACHOI'0 KaHa/la IIUKCCIA B I/I306pa)KeHI/II/I-

mablIoHe B 1-OM IMHUKCEIIC, 7"1 — 3HA4YC€HHUC KpaCHOro
1

KaHata THKCETs BO BXOMANIEM H300pPOKEHAH B 1-OM

nuKcene, g¢ — 3HAUEHHE 3€lEHOr0 KaHala THUKCENTs B
1

1300paKeHUH-1IabNIOHe B 1-OM IHMKcene, g, — 3HaueHHe

3€NIEHOr0 KaHaua IHUKCENS BO BXOMSIIEM H300DaKEHHU B
1-OM IIHKCEJIE,
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