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JINHUHN CBA3HU

VIIK 621.396.43. (075.8)

O. C. 1lannioBu4

Canxm-Ilemepoypeckuii 20cy0apcmeenHblll YHU8epcumen meieKoOMMYHUKayuil
um. npog. M. A. bonu-Bpyesuua

BJIUSAHUE IIEPOXOBATOCTHU 3EMHOM MOBEPXHOCTH
HA UHTEP®EPEHIIMOHHYIO HEYCTOHYUBOCTDH
WHTEPBAJIOB PAJIMOPEJIEMHBIX IUMHUM CBSI3U

paouoperelinvie TUHUU, MHO2O0TYYe8ble 3aMUPAHUs, UHMeEPDEePEeHYUOHHAS He-
YCMOUYUBOCHb, pelibeqd MeCmHOCMU.

[lokazaTenu kauecTBa mMepenadyd Ha HMHTEpBajax HU(POBBIX paauope-
nernbIX uHUN cBsi3u (PPJI) B 3HaunTeNnbHON CTENIEHU OMPEICISIOTCS BIIUS-
HUEM 3aMHUpaHUil curHajioB. B cilydae mpaBuIIbHOTO BBIOOpA BBHICOT MOJBECA
aHTeHH Ha uHTepBanax PPJI canTumeTpoBOro auarma3oHa IiIaBHYIO POJIb WI-
paroT MHOTOJy4eBbIC 3aMUpPAHUS, OOYCIOBIEHHBIE OTPAKECHUEM PaJIUOBOIH
OT CJIOUCTBIX HEOJHOPOJHOCTEH Tpomocdepbl U 3eMHOW ToBepxHOCTH. Ha
[IEPECEUEHHBIX UHTEPBAIAX OTCYTCTBYET BIUSHUE OTPAXKEHUS OT 36MHOU I10-
BEPXHOCTH, OJHAKO TIPU ITOM MMEET MECTO 3aBHCHUMOCTh MHTCHCUBHOCTH 00-
pa3oBaHUs CIOUCTBHIX HEOJHOPOIHOCTEN Tpomocepsl OT CTETIEHU LIEPOXOBa-
TOCTH 3€MHOM MMOBEPXHOCTH.

BnusiHrEe MHOTOJIy4eBOCTH XapaKTepu3yeTcs HHTEp(PEepeHLMOHHON co-
CTaBJISIOLIEH HeycTounBOCTU. Bompocam onieHkH MHTEpHEPEHIIMOHHONW He-
YCTOWYMBOCTH TOCBSIIEHO OO0JbIIOE KOJWYECTBO Bepcuil PekoMeHnauuu
P.530 MexaynapoaHoro corosa anekrpocsszu (MCD). IIpu sTom, HaunHas ¢
Bepcuu P.530-9 [1], Bce mocieayroue BEpCUM COAEPKAT BBIPAKEHUS IS
OILICHKU MHTEeP(EPEeHIIMOHHON HEYCTOMYMBOCTH KaK C y4e€TOM, Tak U 0e3 yue-
Ta BJIMSHUS HEPOBHOCTEH 3€MHOM ITOBEPXHOCTH.

B nocnenneit Bepcuu P.530-14 [2] ¢ yueToM HEpOBHOCTEW 3€MHOM IO-
BEPXHOCTU MHTEPHEPEHIIMOHHAS HEYCTOWYUBOCTh OMPELISICTCS BBIPAXKEHU-
eM, %:

HUHT

T = Kc -R3’4(1+‘8p‘)71’03 -f0’8 .10—0,00076hL—0,1M’ )

rac KC — IT€OKJIMMATHYECKUI mapameTp,



KC — 10—4,4—0,0027dN1 (10 + Sa )—0.46. (2)

B (1) u (2) dN, — 3Hauenue rpagueHTa pedpakiiud B HUKHEM 65 M —
cioe Tporocdepsl, He MpeBbiaeMoe B TeueHune 1 % BpeMeHH CpelHero roja,
1/xm; S, — cTaHZapTHOE OTKJIOHEHHE BBICOTHBIX OTMETOK peiibeda MECTHO-

CTH, M; R —1yIiHA MHTEpBaa, KM;

Sp‘ — MOAYJIb BCIIMYMHBI HAKJIOHA TPACChI

pacmpocTpaHeHusl paauoBOJH, Mpald; f — uactoTa, ['T1; /A, — mMeHblas u3
BBICOT AHTEHH HaJ YpPOBHEM MOps, M; M — BeluWuyMHaA 3amaca Ha 3amupa-
Hus, 1b.

[Tpu sTOoM ISt IPUOIMIKEHHON OIEHKU MHTEP(PEPEHIIMOHHON HEYCTOM-
YUBOCTU PEKOMEHYETCS UCIIOIb30BaTh BhIpaxkeHue, %:

Tt = K: -R3’1(1+‘8p‘)71’29 -f0’8 .1(70:00089%, 0,10 3)

HUHT

B nanHOM cilyyae reOKJIMMAaTHUYECKUN IapaMeTp K: HE YYUTBHIBACT
penbed MEeCTHOCTHU U OTIPEAETSeTCs BRIPaXKEHUEM:

K: _ 10—4,6—0,0027dN] . (4)

[enbto naHHOM pabOTHI SABJISETCS MCCIEAOBAHUE CTENEHH 3aBUCUMOCTHU
pe3yJIbTaTOB OLIEHKU MHTEPPEPEHLIMOHHON HEYCTONYMBOCTH OT ydeTa BIIUS-
HUSI HEPOBHOCTEN 3€MHOM MOBEPXHOCTH HA NEPECEUECHHBIX MHTEPBAJIAX pa3-
HOU NPOTSHKEHHOCTH B PA3JIMYHBIX T€OKIMMATHUYECKUX YCIOBUSIX.

JUis penieHust yKa3aHHOW 3a7a4d ObUTM BBINIOJIHEHBI pacueTbl UHTEpde-
PEHIIMOHHOW HEYCTOWYMBOCTH Ha IMEPECEUEHHBIX HHTEpBajlax B COOTBET-
cTBUU ¢ BbipakeHusiMu (1), (2), ¢ o1HOM CTOPOHBI, U BeIpakeHUsIMU (3), (4), ¢
JIPYroil CTOPOHBI, U MPOBEJEH CPABHUTENIbHBIA aHATU3 MOJTYUYEHHBIX PE3YJib-
taToB. [Ipy 3TOM B IEpBOM ciyyae AJisl OLIEHKU S, HMCHOJb30BAIHUCH BBICOT-
HbI€ OTMETKH NPOo(uIIeii HHTEPBAJIOB.

PacueT BBINIOJIHEH C UCIIOJIB30BAHUEM MACCHBA HCXOJIHBIX JAHHBIX, CO-
JepKallero tonorpadguueckue AaHHble 15 peanbHBIX MHTEPBAIOB JIMHOMN
oT 13 g0 54 kM Cc pa3HOW BEJIWYMHOW HAKJIOHA TPACChl PACHPOCTPAHEHUS
panuoBoiH ot 0 g0 2,4 Mpaj, pacnoyoKEHHbIX B pailOHaX C Pa3HbIMHU CTATH-
CTUUECKUMHU XapaKTepUCTHUKaMU pedpakiuuu paaunoBosH. [Ipu 3Tom ucnosib-
30BAJIMCh uana3oH yactoT 8 [T m sHeprernyeckue nmapaMeTpbl COBPEMEH-
HOoro pamuopeneinoro obopyaoBanus «PasolinkNEO» mpousBoacTsa
¢upmer NEC. [Ipeanonaranocs Takxke, 4To Ha UHTEpBasiax kKopode 30 KM Hc-
NOJIB3YIOTCSl AHTEHHBI TuaMeTpoM 1,2 M ¢ ycunenuem 37,2 nb, Ha HUHTEpBa-
nax mimHOM oT 30 no0 40 KM — aHTEHHBI AUMAMETpOM 1,8 M ¢ ycuieHHeMm
40,8 nb u Ha uHTEepBaNax JiuuHHEe 40 KM — aHTEHHBI JUaMeTpoM 2,4 M ¢ ycu-
nenuem 43,3 nb. Pe3ynbrarel pacuera npencrapieHbl B Tadauie 1.



TABJIMIA 1. PacueTsl uHTEpPEPEHIIMOHHON HEYCTOMYUBOCTH
Ha [IEPECECYCHHBIX NHTEPBAIAX

Rom | M,nb | AN 1/xm | S,,m | €,.mpan | T % | T. . % z
26,0 | 242 ~321,6 10,0 0,86 0,045 0,035 0,22
33,0 | 29,1 ~338.6 16,5 1,06 0,025 0,020 0,20
451 | 31,1 ~303.9 14,9 0,07 0,067 0,054 0,19
450 | 31,1 ~303,9 21,0 0,91 0,034 0,027 0,21
541 | 294 ~303,9 46,8 1,40 0,054 0,049 0,09
22,6 | 252 ~302,5 10,1 0,31 0,027 0,023 0,15
38,5 | 268 ~302,5 4,8 0,39 0,120 0,078 0,35
18,8 | 27,1 —262,2 30,5 4,20 0,0012 | 0,0011 | 0,08
31,2 | 287 -317,5 4,8 0,34 0,039 0,026 0,33
133 | 302 ~319,4 11,5 1,20 0,0008 | 0,0007 | 0,09
16,3 | 284 ~319,4 18,5 0,59 0,003 | 0,0032 | —0,07
23,0 | 253 ~319.4 11,3 0,02 0,034 0,032 0,06
479 | 304 ~299,6 40,6 2,37 0,015 0,012 0,20
52,6 | 29,6 -307,3 14,9 0,02 0,140 0,107 0,24
53,8 | 294 ~298,1 5,9 0,17 0,152 0,090 0,41

JInst KOJIMYeCTBEHHON OLICHKU Pa3udusi pe3ysibTaTOB pacuera uHTepde-
PEHIIMOHHOM HEYCTOMYMBOCTH Ha OCHOBE BhIpaxkenwii (1), (2) u (3), (4) B no-
cienHeM crTondie Tabauubl 1 nmpuBeeHbl 3HAaUeHUs MapameTpa Z, XapakTe-
PHU3YIOIIET0 OTHOCUTENIbHYIO BEJIMUYMHY Pa3Inuus Pe3yabTaTOB pacyeTa,

B Tabnuie 2 npencraBieHbl CTATUCTUYECKUE XapaKTEPUCTUKU MapaMeT-
pa Z.




TABJINIIA 2. Cratuctrudeckue XxapakTepUCTUKHU Mmapamerpa Z

Oomem Cpennee | CranpaptHoe Jwnana3on
BBIOOPKHU PeaL Hap MakcumansHoe | MUHUManbHOE
3HAYECHHUE | OTKIOHECHHUE U3MEHEHUs
(daucmo 7 7 3HaYeHUE 7 3HaueHue 7 7
MHTEPBAJIOB)
15 0,18 0,12 0,41 —-0,07 0,48

[TonydeHHbIE pPE3ynbTaThl PACYETOB MO3BOJSAIOT CHENATh CIEAYIOIINE
OCHOBHBIE BBIBOJIBI:

— HEy4YeT HEPOBHOCTEN 36MHOM IOBEPXHOCTHU IPAKTUYECKU BCErAA MpU-
BOJUT K 3aHMKEHHOW (HEOoIpaBAaHHO ONTUMHUCTHUYECKON) OLEHKE BEIUYHHBI
UHTEP(EPEHIIMOHHON HEYCTONYMBOCTH;

— B OT/CJIBHBIX CIIy4asiX BEJIMYHHA OTHOCUTEJIBHOIO Pa3jIMyuus pe3yJibTa-
TOB pacyeTta MoxkeT aocturatb 30—40 %;

— C LIEJIBI0 KOPPEKTHOM OLIEHKHM IIOKa3aTejIed KadecTBa Iepellayu Ipu
BBINIOJIHEHUH pacyeTa MHTEP(PEpEeHLIMOHHON HEyCTOMYMBOCTH O€3 yyeTa He-
POBHOCTEH 3€MHOW MOBEPXHOCTH TOIYYEHHOE pacdyeTHOe 3HaueHue T, —Iie-

UHT

JecO00pa3HO YBEIUYUTH, 10 KpaliHen mepe, Ha 20-30 %;
— C yY4ETOM yKa3aHHON KOPPEKIMH BEIWYHHA T, MOXKET OBITh HCIOJIb-

30BaHa B Kaye€CTBE OPHUEHTHUPOBOYHOM OLEHKH HWHTEPPEPEHIIMOHHON He-
YCTOMYMBOCTM Ha JTalle IMPEIBAPUTEIHBHOTO IUIAHUPOBAHUS IEPECEUYECHHBIX
uHrepsanos PPJIL.

B 3akntoueHue ciienyeT OTMETUTh, UYTO MPEJCTaBICHHbIC B Talauie 2
CTaTUCTUYECKNE XAPAKTEPUCTUKU OTHOCUTEIBHOW BEJIWYUHBI pPa3JIMuusl pe-
3yJIbTaTOB pacuyeTa MOKHO PACCMATPUBATh JIUMIIb KaK OPUEHTUPOBOYHBIE. {715
Oosiee aJIeKBaTHOM OLEHKU pa3ivuusi HE0OXOJUMO MPOBEIECHUE PACUETOB HA
BBIOOpPKE CYIIECTBEHHO OOJIBILIEr0 pa3mepa.

bubauorpaduuecknii Cnucok

1. ITU-RRecommendationP.530-9. Propagation data and prediction
methods required for the design of terrestrial line-of-sight systems. — 2001. —
41 p.

2. ITU-R Recommendation P.530-14. Propagation data and prediction
methodsrequired for the design of terrestrial line-of-sight systems. — 2012. —
51 p.




AHHOTANUA

Hccnedyemces enusnue HepoBHOCMU 3eMHOU NOBEPXHOCMU HA COCMABIAIOWYIO He-
YCMOUYUBOCMU  NEPECEUEHHBIX UHMEPBAN08 DPAOUOPENeUHbIX JUHUL CAHMUMEMPOBO2O
ouanazona, o00yCi08IeHHYI0 MHOLOLYYE8bIMU 3aMupanuamu cuenanos. Oyenka unmepge-
PEHYUOHHOU HEYCMOUYUBOCMU NPOU3BOOUNACh HA 0CHOGe Pexomendayuu Mescoynapoo-
Ho2o coto3za snekmpoceasu (MCI) P.530-14. Ilpu nposedenuu ucciedosanus paccmampu-
BAUCH PA3HBLE 2COKTUMAMUYECKUE YCILI0BUSL U UHMEPBATbL PA3HOU NPOMSNCEHHOCTU.

O. Danilovich

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications

EFFECT OF THE EARTH'S SURFACE ROUGHNESS ON THE MULTIPATH
INSTABILITY OF THE HOPS OF RADIORELAY COMMUNICATION LINKS

Annotation

Explores the impact of the roughness of the Earth's surface on the multipath part of
instability due to atmospheric and surface multipath. Evaluation of multipath instability
was based on the International Telecommunication Union (ITU) P.530-14. The study ex-
amined different geo-climatic conditions and the rough intervals of different lengths.

Keywords: radio relay links, multipath fading, instability due to multipath, roughness of
the Earth's surface.

JanunaoBuy Oger CUru3aMyHI0BUY — JIOKTOP TEXHHMUYECKUX HayK, mpodeccop kadeapb
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KETHOTO  yYpeXJeHHusi  Bblciiero  mnpodeccuoHanbHOro  obpasoBaHus  «CaHKT-
[TerepOyprckuit rOCyIapCTBEHHbIN YHUBEPCUTET TEJIEKOMMYHHKALIMI
uM. ipo. M. A. bonu-bpyeuuay, danilovich_spb@rambler.ru




YK 621.315

M. C. boLiuna, C. ®@. I'1arojieB

Canxm-Ilemepbypeckuii 20cy0apcmeeHHblll YHUSepcumem meaeKoOMMYHUKAYU
um. npog. M. A. bonu-bpyesuua

SKCHEPUMEHTAJIBHOE OIIPEIEJIEHUE
YAEJBbHOUW KOHCTPYKTUBHOM MOCTOSIHHOM
JIBYXITPOBOJHOM KABEJbHOM HEITN

UMNYIbCHBLUL Memoo, UMNYAbCHbIL NPpUubop, 08YXNPOBOOHAsI KAbenbHAasl yenv,
pedrexmozpamma, CueSHal 0OpamuHo2o NOMoKd, YOeabHaAs KOHCMPYKIMUBHAS
NOCMOAHHAS, UMNYIbCHAS XAPAKMEPUCMUKA.

BBenenue

Y nenbHas KOHCTPYKTHBHAs MOCTOSIHHAS SIBJSETCS OJHUM HU3 OCHOBHBIX
napaMeTpoB JBYXIPOBOJHOW KaOelIbHOW IEeMM BO BPEMEHHOW O0OJacTH.
B cymectByronen nurepatype IpUBOAATCA BBIPAKEHUS, MO3BOJISIIOIINE pac-
CUMTATh €€ Yepe3 U3BECTHbIE BTOPUYHBIE MapaMeTPhl LIEMH B YACTOTHOM 00-
nactd. OQHAKO 3TH BBIPAXKEHUS HENPUMEHHUMBI JUISi HEOAHOPOIHOM IIENU.
B nanHoli paboTe npezasiararoTcsi 1B€ METOAMKHU 3KCIEPUMEHTAIbHOIO OMpe-
JICJICHNsI YACIbHON KOHCTPYKTHBHOW IOCTOSHHOM IO 3apErHCTPUPOBAHHOU
C MOMOILBIO IIU(PPOBOTO UMITYJILCHOTO IprOOpa pedieKkTorpaMMe KabeabHOM
uenu. [IpenymoxeHHble METOOUMKN PACLIMPSIOT BO3MOXKHOCTH MCCIIEIOBAHUSA
KaOeIbHBIX 1IENEH, BKIK0Yasi HEOJHOPOAHBIE, UTO SBJISIETCS YPE3BBIYAIHO aK-
TyaJIbHOM 3a/1auei.

1 Maremarnuyeckasi MoJieJib OJJTHOPOJHOM ABYXIIPOBOJIHOI 1eNu
BO BpeMeHHOMH o0JiacTu. CBSI3b MeKIYy MapaMeTpaMHu Lenu
BO BpEMEHHOM M YaCTOTHOM 00J1acTAX

Jlns omucaHus MPOIECCOB PaCIpOCTPAaHEHUS HUMIMYJbCHBIX CUTHAJIOB
MPOU3BOJILHON (DOPMBI MO JBYXITPOBOJHBIM LIETISIM yIO0OHO MCIOJIB30BAaTh UX
XapaKTepUCTUKA BO BpPEeMEHHON oOnactu. MaremMaTH4eCKUMU MOACISIMU
JBYXIPOBOJAHON IIEMU BO BPEMEHHOM 00JIaCTH SIBJISIOTCA €€ UMITYyJIbCcHas g(1)
U nepexoiHas A(f) XapakTEepUCTHKH, MMO3BOJIAIONINE ONMPEIETUTh €€ PEaKIIHI0
Ha JIF000€ BXOIHOE BO3JIEHCTBHE.

Cnenyer OTMETUTh, YTO MOJIYYUTh aHAIUTHYECKOE BbIpaxeHue s g(f)
u h(f) maxe OJHOPOTHOW COTJIACOBAHHOW JBYXMPOBOJHOW IIETIH BO3MOKHO
TOJIBKO MPHU YIPOILIAOIINX NPEAnoaoxeHussx. OrpaHu4yuM BXOJHbIE BO3JIEH-
CTBHUS BO BPEMEHHOW 00JIACTU TOJIBKO KOPOTKMMHU MUMITyJIbcamMu. Torma BoJi-
HOBOE COIPOTUBIIEHUE MOXXHO CUMTATh YMCTO AKTUBHBIM, HE 3aBUCSIIUM OT



4acToThbl, a JUIsl Kod(PuIMeHTa 3aTyxaHusi MCIOJIb30BATh ANIPOKCUMAIUIO
YIOPOUIEHHOTO BUJA!

a=h.[f . (1)

Torma miud nmepexomHOW W MMIYJIBCHOM XapaKTEPUCTUK OJHOPOJHOU
JBYXIPOBOJHOMW LIENH JJIMHOM /, COrNTACOBAaHHOM IO BXOJIY U BBIXOJY, MOKHO
NOJIyYUTh aHAIUTHYECKNE BhIpaykeHus [1]:

rae t, = 1./ — Bpems 3a/Iep>KKU CUTHaNa;
T,—yJeIbHOE BpeMsl 3aJICPKKH;
To — y€JIbHAsl KOHCTPYKTUBHAS IOCTOSIHHAS LIETIH;
1(?) — pynxuus XsBucaiina.
VYaenbHoe BpeMs 3aJIepKKU U YACIbHYI0 KOHCTPYKTHUBHYIO TOCTOSH-
HYIO MOKHO OTIPE/ICNIUTh Y€pe3 BTOPUUYHBIC MapaMeTPhl IBYXITPOBOAHON 1IEMTH
B 4acTOTHOI obOmacTu [1]:

bR w)

Foon-f) ° 4m-8,68- f°

3)

riae B(f1) — koadduiment haspl ey B paj/KM Ha 4aCTOTE fi,

a(f;) — ko3 duruent 3aryxanus nenu B 1b/kMm Ha yacrote fi. YacToTa f;
JUISL pacyera T, U Tp JOJDKHA BbIOMpAThCA TOCTATOYHO BbicOkas. B [1] peko-
MEHJyeTCsl BBIOUpaTh €€ U3 YaCTOTHOIO IMara3oHa, B KOTOPOM KO3 (ULIUEHT
3aTyxaHus off) mporopIHoHaneH \f.

OtmeTuM, 4TO mapaMmeTpsl T, U Top BBOAATCS AJI1 ONUCAHUS PEAKLUU Ka-
OENbHOM 1IeMM HAa WMITYJBCHOE BO3JICUCTBHUE, CIEKTP KOTOPOTO COICPKUT,
KaK BBICOKHE, TaK M HU3KHE 4acTOThl. [[03TOMY pacuer 3TUX mapaMeTpoB C
UCIIOJIb30BAaHUEM HM3MEPEHHBIX B YACTOTHOM 00JaCTH KO3(P(PUIMEHTOB 3aTy-
xaHus U (as3pl M0 BbIpaXeHUsIM (3) HE BIOJHE KOPPEKTEH Jaxe s OJHO-
POIHOM JIMHUM.

2 Onucanue pediieKTorpaMmsl ABYXIIPOBOAHOM el 3aMKHYTOM
WJIH PA30MKHYTOH HA KOHLE

B nanHo# paboTe mpeiararoTcss METOIMKH IKCIIEPUMEHTAIBHOTO OIpe-
JIeJICHUs] YJIeNbHONH KOHCTPYKTHUBHOM MOCTOSTHHOW TIO 3apETUCTPUPOBAHHOMU C
MOMOIIBI0 MU(GPOBOTO0 UMITYJIBCHOTO TIprbopa pediekTorpaMme KaOeIbHOU
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€N U3BECTHOM JJIMHBI, PA30MKHYTON WJIM UMEIOLIEU KOPOTKOE 3aMBIKaHUE
Ha KOHIIE.

[Ipennaraempie METOJIMKKM OCHOBAHBI HAa SKCIEPUMEHTAIIBHO MOATBEP-
KICHHOM B paboTax [2—4] mpeanosio)KeHHH, 4TO HCKaKEeHUs (HOpMbI UM-
MyJibCa, OTPAXXEHHOTO OT HEOJHOPOJHOCTH, UMEIOIIEH BellleCTBEHHbIE KOA(-
(GUIMEHTHI OTPaXXEHUsI U MPOIMYCKaHHUs, 00YCIOBIEHBI TOIBKO MPOXOXKIECHU-
€M UMITYJIbCOB 1O KaOEIbHOM IEMU 1 3aBUCAT OT €€ MapaMeTPOB U YABOCHHO-
ro pacCTOSHUS A0 HEOJHOPOIHOCTU. [Ipy eTMHCTBEHHON HEOJHOPOJHOCTHU C
BEII[ECTBEHHBIM KOA(D(DHUIIMEHTOM OTpa)KeHUS 7, HAXOJAIICHCS HA PacCTosi-
HUU [, OT Hayana 1EeNu, UMITYJIbCHAs XapaKTePUCTUKA OTPAKEHUS MPUMET
BU/I:

21, \Jx, 4,12
t)=r, ——" - |](2t1,). 4
&)=n Ja(—2e)" | im2ed, (2r.1,) @

OTMmeTuM, 4TO €clii MOCTOSIHHAs BPEMEHU LeNu IJUMHOM /, o oTpaxe-
HUIO T=4T,/7 3HAYMTENHHO GOIBINE JUTMTEILHOCTH 30HUPYIOMIETO HMITYJIh-

ca, TO OTPaKEHHbI UMIYJbC MpHOOpeTaeT GopMy UMIYJIBCHOW XapaKTepu-
CTHKH LEIIH.

[Tox pednexrorpaMMoii HEOTHOPOIHOW JTUHUHU OyJeM MOHUMATh 3aBH-
CUMOCTb HaIPSKEHUSI CUTHajga 0OpaTHOIO MOTOKA OT BPEMEHH (PACCTOSHHUS).
Ecnu u3BecTHa UMITyJIbCHAsI XapaKTEPUCTHKA LIETH g,(f), HAaNIpsSKEHUE 00pat-
HOTO MOTOKa u,(f) MOXKHO HAWTHU 4Yepe3 CBEPTKY BXOJAHOTO 30HAUPYIOIIETO
curHana u(f) ¢ UMIyJbCHON XapaKTepUCTUKOM:

ur(t)zjul(r)-gr(t—r)dr. (5)

Pednexrorpamma, moigydeHHasi ¢ MOMOIIBI0 COBPEMEHHOTO ITU(POBOTO
pediiekTomeTpa, NpeacTaBiIsieT cO00il COBOKYMMTHOCTh OTCUETOB HAIPSKEHUS
CUTHaJIa 00paTHOTO MOTOKA U,; B MOMEHTBI BpEMEHU

Uy, = ur(ti )’ (6)

rae ut) ompenaensercs BeipaxkeHueM (5). MHTepBan At mexay oTcueTamu
CBSI3aH C YaCTOTOW AMCKpeTu3anuu fy = 1 / At. OTcUeT BpeMeHH ¢; BeeTCS OT
Havaja 30HIMPYIONIEro UMITYJIbCa.

Mexny BpeMeHeM ¢ U pacCTOsHHEM [ Ha pedIieKTorpaMMe CYIIECTBYET
OJIHO3HAYHAsI CBS3b:

11



t tc

21 2ky

z

(7)

Tl ¢ — CKOPOCTh CBETA B BaKyyMe, k, — KO3()(HUILMEHT YKOPOUEHHUSI, KOTOPBII
MOKa3bIBaCT BO CKOJIBKO Pa3 CKOPOCTh CBETAa B BAKyyM€ MPEBBIMIAET CKOPOCTh
pacmpocTpaHeHHsI 3JEKTPOMArHUTHOTO UMITYJIbCa 10 TaHHOM JTMHUH.

HudposaspedaexkrorpaMma H/WIH €€ OTAEIbHbIE (PPAarMEHThl MOTYT
OBITH ISl TOCIIEAYIONIEr0 aHalln3a COXPAHEHHI B BUJE (ailyioB, copepiKamnx
uH(popmaluioo 00 OTCUeTaxX HaNpsDKEHUs CUTHajla oOpaTHOro moroka. Kaxk-
JBIA OTCYET MPEJCTABISICTCS ABYMs 3HAUYCHUSIMHU — HAIPSHKCHUEM U,; B COOT-
BETCTBYIOIIMM €My MOMEHTOM BpeMeHH f;. O1HaKO MHOTHE MPUOOPHI BMECTO
MOMEHTOB #; 3aIIUCHIBAIOT B (paiijl COOTBETCTBYIOUIME THMM MOMEHTaM pac-
crosiHus [, 3HaueHHs [; pacCUMTHIBAIOTCS MPUOOPOM IO BhIpakeHHio (7)
C UCIOJIb30BaHUEM 3HAYEHUS k,, yCTAHOBJIECHHOIO IIPH PETHCTPALMU peQIIeK-
TOTPAMMBI.

3 Meroauka onpenejieHUs y1eJdbHOl KOHCTPYKTHUBHOM MOCTOSIHHOI,
OCHOBAHHAS HA U3MEPEHHH CMELICHUS BEePIUMHbI
OTPAKEHHOI'0 UMITYJIbCA

B [2, 5] BBeneHO noHsTHE cMelIeHUs Af, BEPIIMHBI OTPAXKEHHOTO OT HE-
OJIHOPOJHOCTH UMIYJIbca Ha pediieKTorpaMMe OTHOCUTEILHO UCTUHHOTO T0-
JIO’KEHUST HEOAHOPOTHOCTH (puc. 1), KOTOpOE 3aBUCUT OT PACCTOSIHUS J0 HE-
OJIHOPOJHOCTH, TapaMeTPOB KaOEIbHOM 1ENU U JJIUTEIIbHOCTH 30HIUPYIOIIEe-
ro UMITYJIbCa, U MOKA3aHo, YTO ISl €T0 pacueTa MOYKHO MCIOJIb30BATh BbIpa-
KEHUE:

1
230
=14+ = , (8)

rae Q = 1,371 — koappurueHT annpokcumaIuy;

t, — IIUTENBHOCTD 30HANPYIOILEr0 HMITYIbCa;

t, — IOJI0KEHUE BEPIIMHBI UMITYJIbCHON XapaKTEPUCTUKU KaOEIbHON Lienn
OTHOCUTEILHO BPEMEHH 3aCPKKH, ONIPEICIIeMOE BEIPAKCHUEM:

t, = grolf . 9)

12
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Puc. 1. OHpGI[GJIGHI/Ie CMCHICHUA BCPIIMHBI OTPAKCHHOT'O
OT HCOAHOPOIHOCTHU HOPMAJIN30BAHHOT'O UMITYJIbCA

OtmeTuM, uTO BhIpakeHHE (8) ObUIO MOTYUYEHO ISl 30HIUPYIOIIETO NM-
MyJIbCca MPSMOYTOIBHON (POPMBI — TPATUIITMOHHOM /171 COBPEMEHHBIX pediiek-
tomeTpoB. OHako B [2] mokazaHo, 4To (hopmMa YHUTIOISAPHOTO 30HIUPYIOIIIe-
ro UMITyJIbCca BIHSET Ha (OPMY OTPAKEHHOTO OT HEOJHOPOIHOCTH UMITYJIbCa
TOJIBKO TIPH TJTUTETHHOCTH UMITYJILCOB, OOJIBINEH UM CPABHUMOM C TTOCTOSH-
HOW BPEMEHHU JIMHUHU 110 OTPAKECHUIO Tjjpe:

z-lz'ne = 4T015 > (10)

TO €CTh NMPU OTHOCUTEIbHO HEOONBIINX PACCTOSHUSX O HEOAHOPOIHOCTEH.
[Ipy BBITIOTHEHNHN YCIOBUSA:
t) << Tline (11)

(hOpMBI OTPaKEHHBIX CHUTHAJIOB TTPAKTUYECKHA HE OTIMYAIOTCS, 4 OTPEEISIIOT-
Csl TOJBKO IUIOIIAJIbI0 30HAUPYIOMINX UMITYJILCOB. [loaToMy BhIpakenue (8)
MOKET OBITh UCIIOJIB30BAHO IS JIFOOBIX YHUIIOJSPHBIX 30HIUPYIONIUX UM-
NyJIbCOB IPU BbINOJHEHUHU ycioBus (11).

CootHomienue (8) MO3BOJSECT MNPEAJIONKUTH CISAYIOUUNA aJIrOPUTM
ONpPENEIICHNS YIEIbHOW KOHCTPYKTUBHOW IMOCTOSIHHOM

1. 3apeructpupoBath HU(PPOBBEIM HMIYJIBLCHBIM NPUOOPOM pedIieKTo-
rpaMmy KaOelbHOW LEeNH U3BECTHOM JIMHBI /,, pa30OMKHYTON WJIM UMEIOIIEH
KOpPOTKOE€ 3aMbIKaHWE HA KOHIIE, U COXPAHUTh €€ Ha KOMIIbIOTEpE B BHUJIEC
daiina.
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2. BeimenuThb y9acTok pedaekTorpaMMbl (TPYIITy OTCYETOB CHTHAjIa 00-
paTHOTO MOTOKA), COAEPM AIIUI UMITYJIbC, OTPAKEHHBIA OT OOpbIBa WIH KO-
POTKOTO 3aMBIKaHHUSI IICTIH.

3. Haiitu otcuer u, max = U (lnax), COOTBETCTBYIOIINM BEPIIUHE OTPaKCH-
HOTO UMMYJIbca. PaccUnTaTh BEIMUUHY fyax TIO BEIPAKCHUIO:

foo = max v (12)

AZ‘r = 2(tmax - tz)’ (13)

t, ="+ (14)

B (12) n (14) k, — x02((dUIMEHT yKOPOYEHUs, yCTAaHOBJICHHBIN IIPH PETH-
ctpanuu pedaekrorpaMMmbl. OT™MeTHM, 4TO BhipakeHus (12) u (14) mo3Bos-
10T MPABUIIBHO OMPEACIUTD fyax U £, JAXKE MPU HEBEPHOM yCTaHOBKE K03 hu-
[IUEHTA YKOPOUYCHHUSI B MOMEHT PETUCTPALIMH PeDICKTOrPaMMBbI.

5. PaccuuTaTh ynenpbHYH0 KOHCTPYKTHBHYIO TOCTOSIHHYIO IO BBIpaKe-
HUIO, CleayromnemMy u3 (8):

0 0

3t
ALy (15)

p

T, =—=
P8l

JIOCTOMHCTBOM JaHHOW METONUKH SBJIIETCS €€ IPOCTOTa, a HEJOCTaT-
KOM — OBICTpO€ YXKECTOYEHHE TPEOOBAHMUN K TOYHOCTH 3aJaHUs JJINTEIbHO-
CTU 30HJIHPYIOLIETO MMITYyJIbCa C YMEHBIICHUEM JUIMHBI JJUHUA U TOYHOCTH
u3Mmepenus At.. Ha pucyHke 2 mokasaHbl pe3yJbTaThl pacyeTa JOIyCTUMOTO
OTKJIOHEHU JUIUTEJIBHOCTU 30HIUPYIOLIEr0 UMITYJIbCa OT UCTUHHOI'O 3Haye-
Hud. [Ipy npoBeneHnn pacyeToB MPEAINOarajgoch, YTO MOTPEIIHOCTh OIpe-
JEJIeHUs] YI€IbHOM KOHCTPYKTUBHOW MTOCTOSIHHOW HE MpeBbIIaeT 2 %.
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Puc. 2. JlonyctuMo€ OTKIIOHEHUE JJIMTEIIbHOCTH 30HAUPYIOLIETO NMITYJIbCa
OT HCTHHHOTO 3HAYEHHS: a — IpH To = 400 HC/KM”, 6 — TIpH t, = 40 He

[IpoBeneHHbIC pacueThl MOKa3aiu, YTO ISl yCIENTHOTO MPUMEHEHHUS Me-
TOAUKH PEKOMEHJIYETCsl BHIOUPATh JIMHUU OTHOCUTEILHO OOJIBIION JIJTUHBI U
pPErucTpUpoOBaTh peQIEKTOrpaMMBbl IIPU MAJION AJIUTEILHOCTH 30HAUPYIOLIE-
ro ummyibca. PekoMmeHayeTcs Takke IO 3aperucTpUpoBaHHOM pediiekTo-
rpaMMe MPOBECTH OTIACIBHOE M3MEPEHUE JUTUTEIIbHOCTH 30HAUPYIOIIETO M-
MyJibCa, KOTOPasi MOKET OTINYATHCSI OT HOMHUHAIBHOA.
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4 Mertoauka onpeaejeHus yaeJbHON KOHCTPYKTHUBHOM OCTOSIHHOM,
OCHOBAHHAs HA CPABHEHUM OTCYETOB 3aPEerMiCTPUPOBAHHOM
U TEOPETHYECKHU PACCYUTAHHOU pedieKkTorpamMmm

Jlydymmx pe3yJbTaTOB MOXKHO JTOCTHUYb, €CJIM MCIOJb30BaTh JJI AaHAJIA3a
BCIO COBOKYITHOCTb OTCUETOB (PparMeHTa pedIeKTOrpaMMBbl, COJEPKAIIETO
UMITYJIBC, OTPAKCHHBIN OT KOHIIA PA30MKHYTON WM KOPOTKO3aMKHYTOM JIH-
Huu. [Ipennaraemas METOAMKa OCHOBAHA HA CPABHEHUM OTCYETOB SKCIEPH-
MEHTAJIbHO 3aperUCTPUPOBAHHON pedIeKTOrpaMMbI C TEOPETHUECKH paccyu-
TaHHBIMU OTCUETaMM CHUTHaJla oOpaTHOro moroka. s ee peanuzauuu HeoO-
XOUMO:

1. 3apeructpupoBath UU(PPOBBIM HMIYJIBCHBIM NPUOOPOM pedIieKTO-
rpaMMy KaOeIbHOM IeNU M3BECTHOW JUIMHBI /,, pa30OMKHYTOW WM UMEIOLIEH
KOPOTKO€ 3aMbIKAHHE Ha KOHLE, U COXPaHUTh €€ Ha KOMIBIOTEPE B BHJIE
daiina.

2. BoiienuTs y4acTok pediaekTorpaMMbl (TpyIiy OTCYETOB CUrHajia 00-
paTHOTO MOTOKA), COAEPM AU UMITYJIbC, OTPAKEHHBIA OT OOpbIBa WJIH KO-
POTKOTO 3aMbIKaHHUSI LIETIH.

3. PaccunTaTh 3Ha4Y€HHUS ¢; 111 OTCUETOB BBIJCIICHHOIO B II. 2 Y4acTKa I10
BBIPAKEHHUIO:

t=—2>, (16)

rae k, — KOOQpPUIUEHT yKOPOYEHHS, YCTAHOBICHHBIA IIPH PETUCTPALIUU Pe-
drnexrorpammel. Beipakenue (16) mo3BosisieT MpaBUIIBHO OMPEACIUTD f; TaxKe
IIPY HEBEPHOW YCTaHOBKE A, B MOMEHT PETUCTPAlMU PeIIEKTOrPaMMBbI.

4. HaliTH OTCYET U, max = U(fmax), COOTBETCTBYIOIIUM BEPIITUHE OTPaKEH-
HOro uMIyJsibca. PaccuntaTe HayalbHOE 3HAYEHHE YAEIbHOW KOHCTPYKTHB-
HOM MOCTOSIHHOM T(, MO BhIpaxkeHusiM (13)—(15).

5. Ilo BeipaxkenusMm (4)—(5) paccuurtaTh TEOpeTUUECKyl0 (opMy OTpa-
KEHHOTO UMITYJIbCA U,(¢;) A7l HEOAHOPOAHOCTH, UMEIOIIeH KO3 PHUIIEHT OT-
paxkeHusl, paBHbIM 1, U PACMOIOKEHHON HA PACCTOSAHUHU /, OT Hayana Kadesb-
HOU LIETH C YACIBHOW KOHCTPYKTUBHOM ITOCTOSIHHOM T = Top.

6. PaccunTtaTh OILICHKY pAacXOKJE€HUS TEOPETHUECKOW U SKCIIEPUMEH-
TaJIbHO 3apErUCTPUPOBAHHON peQIEKTOrpaMM, HCIOJIb3Ys METOJl HauMEHb-
IIMX KBAJPATOB:

max

D(5,) =1 3 (w, (1%,) -1, (17

=lmin

T€ Imin U imax — HOMEpPA MEPBOTO U MOCIEAHETO OTCUETOB B BBIJCICHHOW B
1. 2 rpymnne.
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7. Haitftu Takoe 3Ha4YeHUE T;, IpU KOTOpOM oOlleHKa (17) MuUHHUMaNbHA.
DTO 3HAYCHHE MPUHUMAETCS 32 UCTUHHYIO YIEJIbHYI0 KOHCTPYKTUBHYIO IO-
CTOSTHHYIO KaOeIbHOM IIEeTH.

OTmeTuM, YTO BEpPTHKAJIbHAS IIKAJIa UMITYJIBLCHOTO MPUOOpa MOXKET Ipa-
JTyMpOBaThCA HE B €IMHMIIAX HANPSDKCHMS, & B TaK HA3bIBAEMBIX YCIIOBHBIX
eaunuiax. [lostomy s pacuera onenku (17) HEOOXOUMO TIEPEBECTH 3HA-
YEHUSI OTCUYETOB 3aPETUCTPUPOBAHHON pedieKTOrpaMMbl B €IUHUIBI HATIPSI-
s)keHus. st aToro cienyer:

1. 3apeructTpupoBarh OMOPHYIO peduieKTorpaMMy KaOenbHOUN ey mpu
TOM K€ JUIMTEIbHOCTU 30HAUPYIOUIErO UMITYJIbCa, IPU KOTOPOH PErUCTpUpPO-
BaJlach COMOCTABJIAEMAasi C TEOPETUUECKUM PacueToM peduieKTorpaMmma, 1 He-
OOJIBIIIOM YCUJIEHUU A, KOTOPOE HE MPUBOIUT K HACBIIMICHUIO PETUCTPUPYIO-
IIEro TPakTa 30HAUPYIOITUM UMITYJIbCOM.

2. Ilo 3aperucTpupoBaHHOM OMOPHOM pediieKTOrpaMme HU3MEPUTh aM-
TUTUTYAY 30HAUPYIONIETO UMITYJIbCA Yiax B YCIOBHBIX €MHUIIAX.

3. PaccunTaTh BEIMUUHY YCIOBHOM €AUHULIBI Ay TIO BBIPAXKEHUIO:

Ul
Au = Y ‘IO(AeXp_A)/zo . (18)
max

rae Aey, — yCHIEHHE, IPA KOTOPOM PETUCTPUPOBANach pedaekTorpaMma, co-
MOCTaBJIsieMasl ¢ TEOPETUYECKUM pacyeToM B fernumbenax, U; — aMIuTyaa
30HAUPYIOLIETO UMITYJIbCA B BOJIBTAX.

4. BeipaxXeHHBIE B YCIOBHBIX €IMHHUIIAX OTCUETHI V,; pe(IIeKTOrpaMmBsl,
COITOCTABJISIEMON C TEOPETHYECKUM PACYETOM, IIEPEBECTU B OTCUETHI, BbIpa-
YKCHHBIE B BOJIbTAX:

Upi = Yy - AU (19)

5 DkcnepuMeHTAIBLHOE ONPeaesieHUe yaeJdbHOH KOHCTPYKTHBHOM
NMOCTOSTHHOM 10 MPeIJI0KEeHHBIM MeTOAUKAM

[TpennoxeHHble METOUKU OBLITU MPUMEHEHBI K OIPEIEICHHUIO YIeIbHON
KOHCTPYKTUBHOHN nocTtossHHON kaOenbHOU nenu MAXILANCat. Se. lns us-
MEpPEHUH HCIOJIb30BAJICS OTPE30K Kabens anuHoi 248 M. Ha pucynke 2 a mo-
Ka3aH (parMeHT SKCIEPUMEHTAIBHO 3apErUCTPUPOBAHHON pedIIeKTOrpaMMBbI
pazomkHyTOl KabenpHOM e MAXILANCat. Se, comepxamuii OTpakeH-
HBI OT ee KOHLA UMIyJbc. PedrexkrorpamMma Obljia 3aperucTpupoBaHa UM-
nynbcHbIM TIpuGopom PEVIC-205 TpH JIHTENBHOCTH 30HAMPYIONIETO HM-
nynbca 31,25 He. OmnpeneneHHas MO TMOJOKEHUIO BEPLIMHBI OTPAKEHHOTO
MMITyJIbCA yJENbHAs KOHCTPYKTHBHAs MOCTOSIHHAas cocTaBmia 418 mc/km’.
Onenka (17) oka3asach MUHUMAQJIBHON NpU 3HAUYEHUU YJEJIBHON KOHCTPYK-
THBHO# moctostHHOM 390 He/km®. Ha pucyHke 3 6 mokasaHa 3aBHCHMOCT
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9TOM OLEHKM OT 3HAYEHMS YAEIbHOM KOHCTPYKTMBHOW ITOCTOSIHHOM. [lns
CpaBHEHUSI Ha PUCYHKE 3 a MoKa3aHbl (POPMBI OTPAXKEHHOIO MUMITYJIbCA, TEO-
PETUYECKN PACCUUTAHHBIE IIPU IBYX YKa3aHHBIX 3HAYEHUSAX KOHCTPYKTUBHOU
IIOCTOSIHHOM.

ur(ti)a B D(TO)) B2
0.08 . 0.006
3KCMEPVMEHT.
0.07 F.‘ To = 418 Helkm2 | | \
0.06 ; To = 390 He/km? | ] 0.005
0.05 \
0.04 | \ 0.004

0.03 /
0.02 \_._ 0.003 N

0.01 j
0.00 | } 0.002
0.0 0.1 0.2 0.3 300 330 360 390 420 450
t;— t,, MKC To, HC/KM?
a 9]

Puc. 3. DddhekTuBHOCTS pearaéMbix METOJIUK JIJIsl OTIPEIEICHUS
yAEIbHOW KOHCTPYKTUBHOM MOCTOSIHHON KaOeIbHOM 11eTH

N3 pucyHka 3 BUIHO, 4TO 00€ METOJMKHU IO3BOJSIOT OIPEIECIHUTh
yAETbHYI0 KOHCTPYKTHUBHYIO TOCTOSIHHYIO KaOenpHOW menu. Takxke BUIHO,
YTO TOYHOCTb BTOPON METOAUKH HECKOJIBKO BBIIIIE.

3akjIoueHue

B pabore npenniokeHbl ABE METOJUKH OIpEIeieHUs YJEIbHOW KOH-
CTPYKTHBHOM MOCTOSHHOM KaOelIbHOM 1enu moeepediekrorpaMmme, MpUro/-
HbIE KaK JiJI1 OJHOPOAHBIX, TaK U JUIsl HEOJJHOPOAHBIX JMHUN. X apdekTun-
HOCTb MOJATBEPXKJCHA MPOBEACHHBIMU SKCIIEPUMEHTAIBHBIMUA UCCIIEIOBAHUS-
MH.
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xkennit — CTJIKCy». — CII6., 2005.

AHHOTaAUA

Yoenvras xoncmpykmuHas nocmosHHas A611emcsi OOHUM U3 OCHOBHLIX NApamem-
P08 08YXNPOBOOHOU KabenbHOU Yenu 60 8pemeHHol obaracmu. B cywecmeyroweii iumepa-
mype NpuoOSMcs BblPAANCEHUS, NO3BOIAIOWUE PACCYUMAMDb ee Yepe3 U36eCHHbLEe 8MOpPUY-
Hble napamempul yenu 6 yacmommuou oonacmu. OOHAKO MU GbIPAIHCEHUSL HENPUMEHUMbL
0J151 HeOOHOPOOHOU Yyenu. B dannou pabome npeonacaromcsi 08e MemoOUKU dKCHEPUMEH-
MAnbHO20 onpeodeneHus: YOeabHOl KOHCMPYKMUBHOU NOCMOSHHOU NO 3apecucmpuposan-
HOU € NOMOWbIO YUPPOBO2O UMNYILCHO20 Npubopa pedrekmocpamme KabeavHou yenu. Mx
aghghexmusnocmsb noomeepIcOena NPoBeOeHHbIMU U ONUCAHHLIMU 8 pabome IKCNepUMeH-
ManbHbIMU ucciedosanuimu. Ilpeonoscennvlie MemoOuKu pacuiupsaom 603MOHCHOCHU UC-
C1e006anUsl KaDelbHbIX Yenell, KI04as HeOOHOPOOHbLE, YMO SIS S YPe36bIUAlIHO AK-
MyaibHOU 3a0ayell.

M. Bylina, S. Glagolev

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications

EXPERIMENTAL DETERMINATION OF A SPECIFIC STRUCTURAL
CONSTANT OF A CABLE CIRCUIT

Annotation

The specific structural constant is one of the most important transmission line pa-
rameters in the time domain. Formulas in the literature on this topic allow us to calculate
the specific structural constant using the known transmission line parameters in the fre-
quency domain. However, these formulas are not applicable for the transmission line with
multiple discontinuities. This paper contains two experimental procedures for the determi-
nation of the specific structural constant directly from the TDR trace. The efficiency of the
procedures is confirmed by our experimental research described in this paper. The exper-
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imental procedures expand opportunities for researching transmission lines including lines
with multiple discontinuities.

Keywords: time domain reflectometry, time domain reflectometer, TDR trace, transmis-
sion line, specific structural constant, pulse response characteristic.
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UMHPOPMAIHMOHHBIE TEXHOJIOTMU OBPABOTKH JAHHbIX
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10. B. CkBopuoB

Canxm-Ilemepoypeckuii 20cy0apcmeenHblll YHU8epcumen meieKoOMMYHUKayuil
um. npog. M. A. bonu-Bpyesuua

INPOBJIEMATHKA A3bIKA
C PACHIUPAIOHINMCA CUHTAKCUCOM

A3BIK NpocpamMmupoearusl, CUHMAaKCcuc, paciuuperue.

BBenenue

S3bIK IpOrpaMMUPOBAHUS C PACHIUPSIONIUMCS CHHTAKCHCOM — KOHIIET-
IUsl S3bIKA TIPOTPAMMHUPOBAHUS, MO3BOJISIONIAST BBOJIUTH HOBBIC KITFOUCBBIC
CIIOBa M METOJIbI 00pabOTKU JaHHBIX. TpagUIIMOHHO CHCTEMA MPOTPAMMHPO-
BaHud (nanee — Cucrema) COCTOUT U3 SApa U OKpYKeHus (Onbnanorek, QyHK-
Ui U T. 1M). AApo sA3bIKa MO3BOJISET MPUMEHSATh PACIIUPEHUS JUIsl BBISIBICHUS
KOHCTaHT IOJIb30BaTENbCKUX TUMOB (Hampumep, 40m caenarh BpEeMEHHBIM
npoMexyTkoM B 40 MHUHYT), OpraHM3aluy XpPaHWIUIL (IJ1s1 UCIOJIb30BAHUS
O0BEKTOB TIepefaun JaHHBIX protobuf 6e3 mpeoOpa3oBaHMil), BBEACHUS HO-
BBIX KOHCTPYKIIMH, YNPOINAIOIIMX HAMKMCAHWE MPOrpaMMbl (HArpuMmep, s
MHOTOIIOTOYHOT'O MPOrpaMMHUpOBaHus) etc. ITO AeslaeT HaNMCaHHBIA KoA 00-
Jiee BBIPA3UTEIBHBIM U TOHSITHBIM JUIsI TIPEIMETHON 00JacTH, HEXETH KO,
HaAIMCAHHBIN Ha OOBIYHOM SI3bIKE IPOrPAaMMHUPOBAHUS OOIIETO HA3HAUCHHUS.

OnHako, cleAyeT YUUThIBATh U MPOOJIEMBI, KOTOPhIE MOTYT BOSHUKHYTh
NIpU pacIIMpeHnH s3bIKa. PaccMoTpuM ux.

IIpo0JieMa moHUMAHHUSA KOAa

MoskeT moOKa3aTbCA, YTO PpACHIUPEHHS s3blka OyJeT 3HAYUTEIHHO
YCIOXHATh caM s3bIK. Tak, Hanpumep, npoucxoaut ¢ C++11/14: BBogumble
B SI3bIK KOHCTPYKIIMH, TaKME KakK I1a0J0HbI C IEPEMEHHBIM YUCIOM MapaMeT-
poB (ot aHru. variadic template), ceMaHTHKa TIEPEIBIKEHUS (OT aHTI. move
semantic), 1 Ipyrue HOBOBBEJEHUS JIENAOT U 0€3 TOTO CIOXKHBIN SA3BIK €IIE
CJIO’KHEE, a 3HAUUT, TPyJIHEE K BocnpusiTuio. C Apyroil CTOpOHbI, 3T HOBOB-
BEJIEHUsI OOYCJIOBJIEHBI CIIOXKHOCTBIO T€X 3aJad, KOTOPbIE MPEIIOJIaraeTcs
pelaTh ¢ X NOMOILBIO, U 0€3 HOBOBBEACHUI penieHre ObuIo Obl el CII0XK-
HEEe; HEKOTOpPhIE HOBOBBEJICHHSI MOMOTAIOT YBEJIMYUTH MPOU3BOAUTEIHLHOCTh
npuioxkeHuil. CyliecTBYIOT W HWHTYUTHUBHO TIOHSITHBIE HOBOBBEICHMUS,
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HaIrpuMep, MOAJIepKKAa UMEHOBAHHBIX apTyYMEHTOB W apryMEHTOB IO yMOJI-
YyaHu1o, nosBuBIIMXcS B C# Bepcuu 3. OHU MO3BOJISAIOT COKPATUTH O0BEM KO-
Jla HEOOXOAUMBIN 151 BBI30Ba METOJIOB U YOUpaeT HeoOXOAMMOCTh B HaIUCa-
HUU (PYHKIUNA C MEHBIIMM YHCIIOM MapaMeTpPOB, KOTOPHIC JIUIIb BBI3bIBAIOT
OJTHOMMEHHBIE (PYHKIIMH, TIOJICTABIISASI CTaHIaPTHBIC 3HAUCHHUS.

SI3BIK TPOTrpaMMHPOBAHUS C PACIIUPAIOIIUMCS CUHTAKCUCOM IMO3BOJISIET
BBECTH MHOKECTBO HOBBIX KOHCTPYKUHMU M HMCHOJIb30BAaTh MX B Pa3IUYHBIX
cutyauusax. lIpeamonaraercs, 4yTo 3TO MO3BOJUT pElIaTh MHOTHE 3aJadyu
obicTpee u HarsinHee. OJHAKO, €CIM JIOBECTH YHMCIIO pacUIUpeHuil 10 ad-
cypaHoro, Hampumep, 6oiee 9000, mMokeT OKa3aThCsA, YTO MPOrPaMMHBIN
TEKCT TepecTan ObITh «CH CO BCTABKAMM» M CTall MPEJCTABISITH HEUTO CO-
BepiieHHO HHOe. MHBIM MOXeT ObITh KaKk TEKCT B 3amyTaHHedmmx Perl-
CKpHUIITaX, TaK U MoBecTh «BokHa u Mup», 3 KOTOpON paclIMpeHus IMOIIbI-
TAlOTCSl C/AENIaTh MYJbTUIUIUKAIIUIO. B pe3yibTare mojiydaroTcsl pa3iMuHbIe
JMAJIEKThl $I3bIKA, TOJIb30BATENIM KOTOPHIX HE B COCTOSIHUM TOHSTH JPYT
Ipyra.

Ho nmonHuMarT iy Apyr apyra nporpaMmMHUCTbl TPAAULMOHHBIX SI3BIKOB
nporpammupoBanus? CyiiecTByeT 00O KOJUYECTBO KHUT, COJIEpKAIIUX
METOAMKH HAMMCAHUS «IIOHUMAEMOro» Kojaa. YacTo B ATUX KHUTaxX OIHUCHI-
BAIOTCS MAOJIOHBI MPOSKTUPOBAHUS (OT aHTJ. design pattern), COTTAIICHUS O
BHEITHEM BHJIE KOJa (Kak cieayer ohopMiIsiTh KOJ, KaK Ha3bIBaTh MEPEMEH-
HBbIE, METOJIbI, KJIaCChI, 00J1acT UMeH, U npyrue). Ho, He cMoTps Ha BCE 31O,
MO-TIPEXKHEMY MUIIETCS KOJ, KOTOPBIA MpOIlle HAamucaTh 3aHOBO, YEM Pa3o-
Opatbcst B HEM. CylIeCTBYIOT KOHKYPChl TPOTPaMMHUPOBAHUS, B KOTOPBIX TO-
OeauTeNsiM 00BSBIIAETCS aBTOP CAMOTO HEMOHSATHO HAMMMCAHHOTO KO/, YacTo
npeacraBieHHoro B Buge  ASCll-apra  (Hampumep, Mmwucaka —
http://ioccc.org/2013/misaka/misaka.c). I's5 Ha HEKOTOPBIN KOJI MOKHO TIO-
JyMaThb, YTO aBTOPHI Kak OyJITO CHEIMaIbHO TOTOBWIHUCH K ATOMY KOHKYPCY,
HACTOJIBKO TaM BCE HENIOHATHO.

Ho naxe ecnu Kozl HanmMcaH AOBOJIBHO XOPOILO, TO BCErAa JIU OH MOXKET
ObITH TOHAT ApyruM nporpammuctoM? Kak mokaspiBatoT TpeOOBaHUS K KaH-
IUaTaM Ha BaKaHCHUIO IporpaMMucTa — efsa Jin. OuepeHbIM MPENITCTBUEM
HA MyTH K BCEOOIIEMY MOHUMAHUIO SIBJISIETCS OOJBIIIOE KOJIUYECTBO PA3IIHU-
HBIX KapKacoB (OT aHrJ. framework) i co3ganus npuioxxenuii. Hanpumep,
JUTSL cO3/IaHus priiokeHuit ¢ rpaduueckum unrepdeiicom nox OC Windows
st C++ cymectBytotr WTL (Windows Template Library) n qT. Ilogxons! k
3anoJiHeHUI0 (opM, 00pabOTKEe COOBITHH, MaHUIYISLUUSIM C BHUIKETaMU
(KOHTpOJIaMH) Y HUX OTJIMYAIOTCSI HACTOJBKO, YTO OHM HE MUMEIOT MpaKTUye-
CKH HU4ero oomero. Iloaromy Ko, HalMCaHHBIA Ha OJJHOM W3 KapKacoB, Oy-
JIeT TIOHSITEH CIEHHAINCTY, UCIOIB3YIOIIEMY NPYyTroi Kapkac, JIMIIb UHTYH-
THUBHO.

[lycTh KO HamucaH JIOBOJBLHO XOPOIIO, UCTIOJB3YIOTCS TOJBKO M3BECT-
Hble Kapkacbl. Kak Teneps o0ctouT geno ¢ ero nonnMmanuem? CyliecTBYIOT
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JIOBOJILHO CJIOKHBIC JJIsI TTOHUMaHHsS KojJa o0JlacTh JACSITeILHOCTU (HAmpH-
Mep, uppoBaHUE), B KOTOPHIX HUCIONB3YIOTCS JHIIb 0a30BbIE BO3MOKHOCTHU
A3bIKa, HO JJI1 OHUMAaHUSl OOJIBIIEro, YeM «TYT MPOM30LUIO BO3BEICHHUE B
CTENEHb U MOJIYYEHUE OCTAaTKa OT JACJICHUS», «a ITO MPUCBOCHUE pe3yJibTaTa
CJIOEHUS TI0 MOJIYJIIO JIBa», TpeOyeTcs TiyOOoKoe 3HaHUEe MPeIMETHON 00ia-
cTu (HarpuMep, Kpunrorpadun).

BonbIIMHCTBO NPOrpaMMHUCTOB 3HAKOMO C HECKOJIbKUMH SI3bIKAMU IPO-
IrpaMMHPOBAHUS ¥ IPUBBIYHO K TOMY, YTO B Pa3HBIX S3bIKAX KOJ OTJIMYAETCS,
MO3TOMY XOJI BBITIOJIHEHUS MOKET OBITh MHTYUTHUBHO MOHsATEH. Vcxons u3
BBIIIEH3JI0’)KEHHOTO, CIEAYET BBIBOJI, YTO KpacuBO O(POpMIICHHBIN KOJ OyaeT
MOHATEH OOJIBITUHCTBY C TEPBOTO B3TJISA, B TO BPEMs KaK JICHCTBUTEIHHO
CJIOXHBIE 3a1a9U TPEOYIOT OOJIBIIIOTO OTPY>KEHUS JIJIs1 TOHUMAaHHUSI.

IIpo6Jiema npu 100aBJIEHUU HOBBIX OIIEPATOPOB

Pa30opimuk BbIpaKeHUI CUUTAET MPUMEHEHHBIM ONEPATOPOM CaMYIO
JUTMHHYIO 3allUCh 3allMCaHHYIO CjieBa HampaBo. To ecTh, a+—++b" 0e3 Kakux
b0 pacmmpeHuit Oyer pazoopano kak (a++) + b'. CymiecTByeT BO3MOX-
HOCTh JI00aBUTH OMepaTop ~+++", KOTOPBIN AeaeT, HapuMep, CI0KEHUE 10
moxyJito 3. [locne ero BBeIEHUS ¥ IPUMEHEHHUS ISl TEKYIIEH €IUHUIIBI KOM-
WIS, BRIpaXEHUEe a+++b’ mepecTtaHeT paccMaTpuBaThCcs Kak (a++) +
b’, n craHer paccmaTpuBaThCs Kak ‘a +++ b'. XOTS 3TO UMEHHO TO, YTO
OKHJIA€TCs, HO CTAPBIN KO/ MOT OBITh HE TOTOB K TAKOMY ITOBOPOTY.

Pemenuem siBisieTcsl TaKOM CTHIJIb HAIIMCAHUS KOJIA, B KOTOPOM KaKIbIN
omnepaTop JOJDKEH OBITh OTOUT MPOOENOM, TO €CTh HM3HAYallbHas 3alucCh
JIOJKHA TIPUHATH BUJ a++ + b.

IIpobaeMa cocymecTBOBaHUS pacIiMpeHHit

[TomydyeHune BBIOTHAEMOTO KOJAa MOXKHO Pa3eUTh Ha HECKOIBKO ITa-
NOB: pa3OHUeHNEe TEeKCTa Ha YacTH (TaKue KaK KOHCTAHThI, CHMBOJIBI, OMIEpaTo-
pBI, CKOOKH), (POpPMUPOBAHUE W3 ITHX YACTEH JIOTUYECKU CBSI3AHHBIX OOBEK-
TOB (TaKMX KakK KJacc, METOJ, YiIeH KJacca), KOMITIISAIUIO METOJO0B M JIMH-
KOBKy. ClielyeT OTMETUTh, YTO ITall JIMHKOBKHM HAa3BaH TaK CKOpPEE MO MCTO-
PUYECKUM MPUYMHAM, KaK MMOCJICIHHUN 3Tall Mepe MOTydYeHUEeM MPOrpaMMBI,
HEXKEIIN SIBISICTCS JACUCTBUTENBHO JTUHKOBKOW. CTpykTypa peanmsarnuu Cu-
CTEMBI TIPEAyCMAaTPUBACT BO3MOXKHOCTh IMOBJIHUATh Ha KaKJIBIH M3 3THX 3Ta-
MOB. XOTS AT 3TaIbl MPAKTHYECKH aBTOHOMHEI JIPYT OT JPyTa, HO OHH CBS-
3aHBI: Ha BXOJI KaX/JIO0T0 CJIEAYIOIIEro 3Tama MOoCTyHnalT pe3yibTaThl Mpeabl-
IYIIETO, HA CBOEM dTalle PACIIMPEHUE MOXET MOJb30BaThCS TAKUMH DJIEMEH-
TaMH, KOTOPBIE COUTET HY>KHBIMH.

W3HayabHO Tperosaraioch, YT0 UMEIOMIMXCS 0O0BEKTOB M MX KOMOH-
HaIUi OyleT TOCTAaTOYHO IS TIOKPBITUS BCEX CIIy4aeB, HO TTOTOM OKa3aioCh,
YTO 3TO MOXET ObITh He Tak. Hanpumep, cemantuyecku 1nukibl While n For

23



pasHble, HO MOXHO TpeactaButh While kak BBIpOKICHHBIN Cilydail 1UKIa
For, B KOTOpOM OJIOKM WHHIMAIH3AIMA W WTEpaluu mycThl (To ecth While
(condition)’ skeuBasienTen for (; condition;)"). [ToaTomMy Isi MUHUMHU3ALNAN
qpcia CyImHOCTed sapo CHCTEMBI HE COAEPIKHT TAKOTO BBIPAKCHHE Kak
While, Ho conepxur For. B peanu3zanusx JMHKOBIIHUKA, PE3yIbTATOM KOTO-
pOTO SIBJIIETCS IPOrpamMma, 3TO HE UTPACT HUKAKOW pon, Oojiee TOro — Mmo3-
BOJISIET YNPOCTUTH €ro peanusanuio. Ho ecim JTMHKOBITUKOM SIBIISICTCS
TPAHCJIATOP HA APYTOW S3BIK, TO TaKas CEMAHTUYECKas MOTEPs MOXKET OBITh
HEXKEJATEIBHOM, XOTS U MaJIo MOBIUSAET HA PE3yJIbTaT KOMITWJISILIMA OTTPAHC-
JUPOBAHHOTO KOAA. DTO MOKHO HCIPABUTh, T0OABUB JTONOJHUTEIBHYIO ME-
TanH()OPMAIIUIO K y3JIaM CHHTAaKCUYECKOT'O JIePEBa.

CyIIecTBYIOT CUTYaIliH, B KOTOPBIX PE3YJIBTAT MOXKET OBITh BBIPAXKECH HE
TaK MoJiHo, kKaKk Ha npumepe 1ukioB While u For. Takoii curyanuei, B yacT-
HOCTH, SIBJIICTCSI pe3yJIbTaT BhIMOJNIHEHUs orneparopa SizeOf. DtoT omeparop
BO3BpAIIaeT Yucio OaliT, 3aHMMAaeMbIX YKa3aHHBIM Jlajiee THUIOM. B mepBbIX
peanuzanusx Cucrembl omepatop Sizeof' Bo3Bpalaq KOHCTAHTY: TaK Kak
KJIacc mociie CBoero (OpMUPOBaHUS YKEe HE MOXKET U3MEHUTHh CBOIO JUIMHY,
OHa OCTa&TCsl MOCTOSIHHOW Ha BCE BpeMs BBITIOJHEHHUS MporpamMmbl. [lepBoHa-
4anpHO OaWT-KOJ HE COXpaHsUICS Ha JHCK, TaK Kak JJIs 3TOro TpeboBalloCh
CYIIECTBEHHO YCJIOXHHUTh BUPTYAIBHYIO MAIIMHY U YBEJIIMYHUTH BPEMs pa3pa-
OOTKH, a XOTEJIOCh MOJTYYHTh MPOTOTHIT CUCTEMBI B CIKAThIE CPOKH, IOITOMY
nporpaMMa KOMITHJIMPOBAJIACh M BBINONHSIACH B mamsTH. [Ipu paspaborke
CJICAYIOUICH BEpCUU, KOTOpasi 0alT-KO COXpaHsIeT, 0Ka3aJioCh, YTO MOJ pa3-
MEpPOM THUIIA CIEAYET CYMTATh HE KOHCTAHTY, HO HEKOTOPOE YMCIIO, KOTOPOE
MOJKET Pa3IMyaThCs Ha Pa3IMYHBIX TUIATHOPMax M apXUTEKTypax. DTO Mpo-
UCXOJNT W3-32 BapbUPYIOUIETOCS pa3Mepa ykazatelns (dacto 4—8 OaiT) u u3-
3a BeIpaBHUBaHuUs (Hampumep, Struct { int64 a; byte b; }' moxeT 3aHuMaTh
ot 9 GaitT 1o 16), HO mocIe 3amycka MporpaMMbl OHO HEM3MEHHO. [[71s1 aTOTO
camoro cirydasi OblT 100aBJIeH HOBBIN THIT y3JIa CHHTAKCUYECKOTO JIepEeBa.

Jucrietaep u odiiee SApo SA3bIKA, KaK U 0XKUIAIOCH, BOCIIPUHSIIH TOSIB-
JeHue emeé OAHOro ysna «OecmoBHO». Ho crapblii JMHKOBIIMK W YacTh
BCTPOCHHBIX PACHIMPEHHUI HEe MOHUMAIH HOBBIU dneMeHT SizeOf u 3akaH4m-
Banu paboTy ¢ coobmieHueM 00 ommOke. HeoOXxomuMocTs 100aBIATh KO K
Py CUCTEMBI YOMBAET HJICI0 PACIIUPSIEMOTO SI3bIKA; PACIIMPEHHS, JTaXe Ta-
KHE CIIO’KHBIC KaK MpeoOpa3oBaTey METoJla B COMPOTrpaMMy, JTOJKHBI ObITh
TOTOBBI K TIOSIBJICHUIO HOBBIX JJICMEHTOB B a0CTPAKTHOM CHUHTAKCHYECKOM
nepese (ACJ). Ho kak oGecreunTh TaKyto TOTOBHOCTh?

HoBbie TUIIBI Y3]I0B MOTYT UMETh CIICIIMATBHBIA METO/I, KOTOPBIH TT03BO-
JUT TPeo0pa3oBaTh WX B TaKOW THUI y3Jia, KOTOPBIH rapaHTUPOBAHO TOAEP-
xuBaercs (Bxoaut B sapo Cuctembl). MoxxHO 3aMeHHTh Uk foreach’ na
i for', Beipaxkenus 'Sizeof * B koHcTaHThl. Takue mpeoOpa3oBaHUs M03-
BOJISIFOT coxpanuTh ACJ] B TOM BUzE, B KOTOPOM OHO MOJHOLIEHHO OTpa)kaeT
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KOJl, HO Ha (UHaANIbHOM 3Tarne (reHepalud NPOrpaMMHOI0 Ko0Jia) MPUBECTH
ero K SKBUBAJICHTHOMY C TOYKH 3PEHUS BHIMIOJTHEHUS KOJa.

Peanuzanus mabsoHa nporpaMMUpPOBaHUS «IIOCETUTENbY (OT aHIJ. Visi-
tor) mia y3no ACJ] mo3BoJisieT NpoYuTaTh BCE BHYTPEHHHE OOBEKTHI, YTO
HEO0OXO0IMMO, HaIlpuMep, JJIsl pealu3alii 3aMbIkaHui (0T aHri. closure) u
COIIPOTPAMM.

Bo3MoxHO, cyliecTBYIOT emé npo0iaeMbl, KOTOpble MOTYT BO3HUKHYTh
npu pacmupennu ACJI, HO moka ¢ HUMHU CTaJIKUBAThCSI HE MTPUXOAUIIOCh.

3akiroueHue

Byayun mpuMeHsieMbIMH pa3yMHO, pacIIUpeHHs 0a30BOr0 CHHTAKCHCA
IIO3BOJIAT COXPAHUTh KOJ MHTYUTUBHO IOHSTHBIM, IIPU 3TOM yMEHbIIAsk KO-
JUYECTBO KOJa, HEOOXOAMMOIO IJsl pealiu3alluid Takoro ke (yHKIMOHAaIa
CpEIICTBAMM SI3bIKa MPOrpaMMHMpPOBaHUS OOIIET0 Ha3HaueHus. Bzaumoneni-
CTBHE PACIIUPEHUN IPYT C IPYTOM U C AIPOM CUCTEMBI MOKHO PEAIM30BATH C
MOMOIIBI0O OOBEKTHO-OPUEHTUPOBAHHOTO MOAXO0/Aa (BUPTYaJbHbIE METOBI,
HacJIeI0BaHUE, TTOJIEPKKA UHTEPPEHCOB).

AHHOTAUA

PaCCMOmPEHbl u onucaHvl npO6JZ€Mbl A3bIKA NPOSPpAMMUPOBAHUAL C pACUUPAIOUUMCA
CUHMAKCUCOM. ﬂaHbl peKOMeHdab;uu no ux ycmpaHerur ujiu MUHUMUIAYUU.

Y. Skvortsov

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications
PROBLEMS OF LANGUAGE WITH SYNTAX EXPANSION

Annotation

Problems of programming language with syntax expansion are studied and de-
scribed. Recommendations for their removal or minimization are given.

Keywords: programming language, syntax expansion.

CxkBopuoB IOpuii BaagumupoBu4 — acniupanT Kadeaphl 3alIUIIESHHBIX ceTelt cBsizu De-
JIepabHOTO TOCYJAPCTBEHHOTO 00pa30BaTEIbHOTO OIOPKETHOTO YUPEXKJIECHHS BBICIIETO
npodeccuonanbHoro oopazoanusi «CaHkT-IleTepOyprckuii rocy1apCTBEHHBIN YHHBEPCH-
TET TeJIeKOMMYHUKaluii uM. npod. M. A. bonu-bpyesuuay, yuriy709@gmail.com

Cmamus npedcmagiena peyeH3eHmom 0-pom mexH. Hayx,
npogheccopom Byuinesuuem M. B.
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Canxm-Ilemepbypeckuii 20cy0apcmeeHHblll YHUSepcumem meaeKoOMMYHUKAYU
um. npog. M. A. bonu-bpyesuua

ICER: IEJIOYUCJEHHBII KOMITPECCOP,
OCHOBAHHBIN HA BEUBJIET-TIPEOBPA3OBAHUM

KoMnpeccus u30opasicenull, elignem, a0anmueHblil SHMPONULUHBIU KOOep.

ICER — 5T0 KoMIpeccop cTaTUYecKuX H300paKeHUH, MCIOJIb3YHOIIHA
BeWBIIET-TIpeo0pa3zoBaHre U 00ECTICUNBAIOIINI TPOTrPECCUBHOE KOJAUPOBAHUE.
OH co31aH cneuHaNbHO I HYXJ KOCMHUYECKHMX KaHAJIOB CBSI3U, B TO XK€
BpeMs oOecrieunBasi MakKCUMalbHO BO3MOXHYIO CTEIEHb CXKaTusl h300paxe-
HHM.

B 2004 rogy mapcuanckue poBepbl «Spirity (MER-A) u «Opportunity»
(MER-B) npubsimn Ha Mapc [1]. bosiee nonoBuHbl nH(pOpMaIuy, nepeiana-
eMOll poBepamMu — 3TO MHGOpPMalLUs C JIEBITH KaMmep, YCTAHOBJICHHBIX Ha
KaXJ0M U3 HUX. Bce n3o0paxkenus, nepenaBaeMbie poBepaMu, 3aKOAUPOBAH-
Hbl ipu nomoinu ICERa [2].

B aT0i1 cTtaThe OyayT omucaHbl MeTOJbl, Uctioiab3yembie B ICERe, mos-
BOJISIFOIITME MCTIONB30BaTh €T0 B TITyOOKOM KOCMOCE.

[Tog mporpeccMBHBIM KOJWPOBAHHEM MOAPA3yMEBAECTCS OpPraHU3aLMs
mpoliecca KOJAUPOBAHUS TaAKUM 00pa30oM, UYTO YeM OOJIBbIINE 3aKOJIUPOBAHHBIX
OUT JeKoAep MOJIYYUT, TEM BhIIIEe OyJET Ka4eCTBO JEKOJAUPOBAHHOTO HM300-
paxenus. PucyHok 1 WLTIOCTpUpPYET YBEJIMUYECHHE KAuecTBa, Kak (YyHKIIUIO
KOJIMYECTBa OUT HA TUKCEITh, C TIOMOIIHI0 TECTOBOTO N300PaKECHUS

Puc. 1. 3aBucUMOCTb KauecTBa U300paKeHUsI OT KOJIMYECTBA
JIEKOJIUPOBAHHBIX OUT Ha NuKcenb: a) 0,125 out/mukcens,
0) 0,25 6ut/mukcens, B) 0,5 out/mukcens, T) 1 OUT/IUKCETH
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s cpaBHEHUS, HE MPOTPECCUBHBIC KOMIPECCOPHI THIMUYHO KOIUPYIOT
0JIHy 00nacTh u300pakeHus 3a Apyrou. Iloreps gpparmMeHTOB AaHHBIX, 3aKO-
JTUPOBAHHBIX TAKUM 00pa30M, BEJIET K MOJHON MOTEPE YACTH U300paKEHUSI.

[IporpeccuBHOE KOJUPOBAHME 3aKIIOYAETCS B KOJWPOBAaHUU HE IMPO-
CTPAHCTBEHHBIX COCTABIIAIONIMX APYT 38 IPYTroM, a CIEKTPAIbHBIX COCTaBIIS-
romux  [3]. Jas  mocnegHero  MCHOJB3YyeTCs  JABYXMEpPHOE  BEWBIIET-
npeoOpazoBanre. DakTUUECKH BEHBIET-MPeoOpa3oBaHUE — ITO J1Ba QUIBTPA,
HY u BY, ¢ coBmanaromumu yactoraMu cpesa. JByXMepHOCTh MpeoOpa3oBa-
HUS 3aKJI0YaeTcsl B IIOCJEI0BAaTEIbHOM NPUMEHEHHUU MpeoOpa3oBaHUs K
CTpOKaM, a 3aTeM cTojOuaMm wuzoOpakeHus. MmmocTpauus IByXMEpHOTO
BEHBIET-IPe00pa30BaHUsI IEPBOTO MOPsIIKA MPUBEICHA Ha PUCYHKE 2.

Horizontal Horizontal
Low-Pass, High-Pass,
Vertical Vertical
Low-Pass Low-Pass
Original Horizontal Horizontal
Image —_ Low-Pass High-Pass —_

Horizontal Horizontal
Low-Pass, High-Pass,
Vertical Vertical
High-Pass High-Pass

B)

Puc. 2. Unmtoctpanust AByXMEpHOTO BEUBIIET-IPEOOpa30BaHuUs IEPBOTO
NopsiKa: a) M3HAYaIbHOE U300pakeHne, 0) BEHBIIET-IPe0OpPa30BaHHOE
n300pakeHne, B) MOCIIEIOBATEIILHOCTH MPE0oOpa3oBaHMs

[Ipumensia BeiiBieT-npeodpa3oBaHre HECKOJIBKO pa3 MOCIEA0BATEIBHO K
HY wactu pe3ynbTHpYIOMEro n300pa)KeHns, MOKHO IO-OKTAaBHO Pa3/eiUTh
M300pKEHUSI HA CIEKTPAJbHBIE COCTABIIAIOIINE, MAKCUMAJIBHO JIEKOPPEIIU-

pOBaHHBIE IPYT ¢ ApyroM (puc. 3).
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! Level-s‘! |

LL|HL|
| L OHL
LH[HH
CH | HH

Puc. 3. JlecsiTh crieKTpadbHBIX MOMANIA30HOB, MOJIYYEHHBIX OJaroaaps
MPUMEHEHUIO BENBIIET-NPE0OPA30BAHMI HAJl HU3KOYACTOTHOM
COCTaBJISIIONICH MPEeABIIYIINX MPpeoOpa3oBaHUi
(Ha n300paK€HUU MOBBIILIEH KOHTPACT)

Tunnuyno B ICERe ucnons3yeTcs oT Tpex A0 AEBITH MOCIEA0BATEIbHBIX
npeoOpa3zoBaHuUM.

[Tocne BoimonHeHus: Bcex npeodpaszosanuii, ICER kommpeccupyer mo-
CJIeIOBAaTEIbHO OWTOBBIE MOJS, APYTMMH CIOBaMH, CHadaja KOMIIPECCUU
no/iBepraroTcs Bce crapmue Outhl (MSB) Bcex muKcenel B OJTHOM BEUBIIET-
npeoOpa3oBaHHOM yuacTke, 3arem (MSB-1) 6utel, u 1. 1. 10 (MSB-N), tne
N — pa3psIHOCTh H300paKEHUSI.

[lepen Tem, kak KOAUPOBATH OUT, KOJEP OMpPENEET BEPOATHOCThH TOTO,
9TO ATOT OWUT paBeH HYJIO. BEeposITHOCTH OmpenemnseTcs TOJIhKO Ha OCHOBE
paHee 3aKkoAupoBaHHOW WHopManmu. Panee 3akoaupoBaHHas WHPpOpMAIIUS
npeactasisiercss B I[CERe TakuM moHsTHEM, KaK «KOHTEKCTHasi cxemay». Ilo
ATOM cxeme, OUT, MoAJeKalui KOAUPOBAHUIO, CHaYaja Kiaccuuiuupyercs B
OJIMH U3 HECKOJIbKMX «KOHTEKCTOB», B 3aBUCHUMOCTH OT 3HAUYEHUN COCEIHUX
3aKOJMPOBAHHBIX OUT. DTa cXeMa MO3BOJISET BBIJCIUTh MUKCETU, MPUHAIJIC-
XKalue pa3IuyHbIM O0OBEKTaM U, BIOCIEACTBUU, KOJUPOBATh UX HE3aBUCHUMO
Ipyr OT apyra. buram, HaxoAsMMCs B Pa3IMUYHbIX KOHTEKCTaX, IPUCBanBa-
I0TCSl pa3JIMYHbIE BEPOSTHOCTH, YTO OHU PaBHBI HYJIO, U, KaK CIIEJICTBHE,
00BEKTHI HA N300paKEHUU KOJUPYIOTCS HE3aBUCUMO JIPYT OT JpyTa.

brnaronapss yactoTHOMy pa30MEHUI0 U PA3HECEHUI0 OOBEKTOB IO KOH-
TEKCTaM, MOSBJISIETCS] BO3BMOXHOCTh MAaKCUMAJIbHO 3((PEKTUBHOTO, OOBEKTHO-
OPHEHTUPOBAHHOI'O KOJUPOBAHUSI.

[Tocne onpeneneHuss KOHTEKCTa U BEPOATHOCTU OUTa, caM OUT U €ro Be-
POSITHOCTB IEPENAIOTCS B aJAIITUBHBIN IIEPEMEKAIOIIUN SHTPONIMIUHBINA KOJIEP
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[4]. JanHbIil KoAep KOAUPYET HHPOPMALIMIO B 3aBUCUMOCTH OT COIPSKEHHOM
C HEl BeposSITHOCThIO. B Kozepe comepKuTcs CeMHaIlaTh WHTEPBAJIOB BEPO-
ATHOCTH ¢ rpanunamu ot 0,5 1o 1. but, nocrynaromuii B KoJiep, B 3aBUCUMO-
CTH OT CONpPSDKEHHOW C HUM BEPOSITHOCTH, KiacCUPUUHUPYETCs B OJUH M3
»TUX UHTepBasioB. [locie knaccudukanum NPoOUCXOaUT MPOBEpPKa, HE SBIISAET-
csl In HaOop OUT B ATOM MHTEpBaJE KOJOBBIM CIOBOM. B ciyyae eciu Kozo-
BOE CJIOBO HalJEHO, OHO YAAJIAETCS U3 3TOI0 HHTEPBaJa, a COOTBETCTBYIOLME
OuTHl (Ube KOJIMYECTBO MEHBIIIE, YeM pa3Mep KOJOBOTO CIIOBA, HAIPUMED, B
17-m uHTEpBane K0JAOBOE CIOBO B 512 HyJel npeBpaliaeTcss B OAHY €AUHUILY
B 16-M nHTEpBaje) 3aMKUCHIBAIOTCS B UHTEPBAJIbI, YbH MPEIEIIbl BEPOSITHOCTU
nexat onmxke x 0,5, yuem y ucxoanoro unreppaina. [loBropsisi naHHyto onepa-
LU0 JUIsl BCEX OUT B M300payKEHUH, MPEJICTABISAETCS BO3MOKHBIM 3aKOUPO-
BaTh BCE OMTHI B HEKYIO MOCJIEA0BATEILHOCTh B IEPBOM MHTEpPBAJe, YbU I'pa-
HUlbl BeposiTHOCTH 0,5—0,56. BUTOBBIN MOTOK C BEPOSTHOCTHIO, YTO CIIENY-
IOIIMN AJIEMEHT pPaBEH HYJIIO, paBHOM (0,5 HEBO3MOKHO KOMIIPECCHUPOBATH
cuibHee. TakuM 00pa3oM, TOCTUraeTcs MakCHMalbHO BO3MOXHAsi KOMIIpEC-
cusi nHpopmaIuu.

ICER, no cBoemy airoputmy pa0oThl, 01u30k k kommpeccopy JPEG
2000:

— IPOTrPECCUBHOE KOAUPOBAHME;

— ckaTue 06e3 MoTeps;

— C)KaTHE C NOTEPSIMU;

— KOPPEKIHIO OMHMOOK, TO3BOJISIIONIYI0 OTpaHUYUTh 3PGEKT moTepu
JAHHBIX B KaHAJIE CBSI3H;

— obecneunBalOT pa3dueHNEe W300paKCHUS HA OJIOKH JJI yBEITHUCHUS
3¢ (GEeKTUBHOCTH CKaTusl, MO3BOJIsisA Oonee 3PPEKTUBHO MCTIOIB30BATh KaHAT
CBSI3H, OIIEPATUBHYIO MIaMSTh U IPOLIECCOPHOE BPEMS;

— TMO3BOJISIIOT BAPbUPOBATH CTEIEHb CKATUS B 3aBUCUMOCTH OT pa3Mmepa
nzo0paxenus (B 6aiiTax);

— TMO3BOJISIIOT BapbUPOBATH CTENEHb CHKaTUS B 3aBUCUMOCTH OT Kaye-
ctBa (xoTs1 [CER Bapeupyert crenensb cxaTtusi ¢ 1 % MorpemnHocTbio).

Ho n nmeer psax paznnunid:

— JPEG 2000 ucnons3yet apudmetuky ¢ ruaBatomieit 3ansatoit, [CER —
TOJILKO IIEJIOYUCIICHHYIO apu@MeTuky (sl yHpoIIeHUsT MCIOJIb30BaHUS
dopMara Ha MPOCTBIX MPOLECCOPAX, MPETHAZHAYEHHBIX IS KOCMUYECKUX
MIPUMEHECHUH);

— ICER wucnons3yer momuduimpoBanasii LOCO-kommpeccop st
cxaTus 6€3 oTeps;

— JPEG 2000 ucnonp3yeT HECKOJIBKO Pa3HbIX MOJEINIEH CokaTus 0e3 1mo-
TEPb, C MOMOILIBIO MEPEKIIOUYEHUSI BEUBIIET-KOMIIPECCOPA B PEKUM CHKATHS
0e3 noTeps;

— ICER u JPEG 2000 ucnosib3yroT pa3Hbl€ IIBETOBBIE IPOCTPAHCTBA;
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[TonBonsa urtor, MmoxxHo chopmynupoBarb, uto ICER, dakrtuuecku, co-
CTOMT M3 JBYX OCHOBHBIX OJIOKOB: OJIOK JEKOPpEISLUUU HU300paKeHHs, Tie
MaKCHUMaJIbHO MPOCTBIM 00pa3oM paznensieTcss MHpopMmanus O pa3IMYHbIX
00BbEeKTaX Ha M300pakKeHWU U OJOK KOMIIPECCHM, I'/I€ JOCTUIAETCS CTEIEHb
KoMIpeccuu HHpopmanuu, 61M3Kas K TEOpeTHUEeCKOMy mpeneny. I'paMoTHO
HACTPOEHHbIE MapamMeTpbl 000MX OJOKOB Jal0T BO3MOKHOCTb K UPE3BBIYAMHO
3 PEKTHBHON KOMITPECCHH.
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AHHOTAUA

Aneopummvl cocamusi u300paxicenull, Ha OCHO8e NPOCMPAHCIMEEHHO20 Ce2MEeHMUPO-
8aHUS, HEe CMOMPS HA WUPOKOe NpPUMEHeHUue U NPOCMOomYy, He nooxoosm Ojis nepeoayu
HAYYHO 3HAUUMbBIX U300padicenuil. Hoevle ancopummvl, ocHO8aHHbIE HA pa3OuUeHUU U300-
PadiceHull no 4acmomam npeocmasisiom ocoovll unmepec Oas Ompaciel, 20e 8adCHa
YCMOUYUBOCIb K NAKEMHbIM OWUOKAM U OMCYymcmeue OJ104HbIX NOMeX.

K. Mudrak, S Fedorov

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications
ICER AN INTEGER COMPRESSOR, BASED ON WAVELET DECOMPOSITION

Annotation

Compression algorithms, based on spatial segmentation are ineffective for transmis-
sion of science significant images, despite of their wide use and simplexes. New algo-
rithms, based on frequency segmentation are quite interesting for science regions, where
packet errors stability and block artifacts are significant.

Keywords: image compression, wavelet, adaptive entropy coder.
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AJTOPUTM ®OPMUPOBAHUS 3AMKHYTBIX IOBEPXHOCTEM
AJITEBPAMYECKHUX TEJI U EI'O ITPOI'PAMMHASA PEAJIN3ALIUSA

KomnbsilonepHoe MO@€]ZMpO6aHLl€, aﬂee6pauuecmﬂ Mooenb mena.

AnrebpanyecKkuil MOJUHOM UMEET BUJ
ayXmy+a,xm, +..+a, Xm,, (1)

rae a — Ko3(pPUIMEeHT Mpu KOMIUIEKCHOW MEPEeMEHHOM, m — KOMILIEKCHAs
nepemMeHHasi, k — HoMep WieHa B aJireOpanyecKoM MOJTMHOME.

Kospounuenr a Moxer nOpuUHUMATh JIIOObIe  BEIIECTBEHHBIE
HOJIOKUTENIbHBIE U OTPULIATETIbHBIE 3HAYCHHUS.

KommuiekcHasi mepeMeHHasi HIMeeT BUJL

m=x"xy"xz", @)

II€ X, ), Zz — IMEPEMEHHBIE IEKapTOBOIO MMPOCTPAHCTBA, X — CTEIEHHOMU
MOKA3aTelb, KOTOPBIN LUETOUYUCIEHHBIA U MOKET MEHATHCA OT HYJS 10 A.

B xozxe pabotsr anroput™Ma GOpMHPOBAHUS aNTeOPaANdecKOro MOJIMHOMA
Teraa CO3JaeTCs JABa CUMMETPHUYHBIX MAacCHBa C YHUCIOM Y€€k k+2: MaccuB
K03 (OUITMEHTOB @ U MACCUB KOMILJIEKCHBIX TIEPEMEHHBIX 1.

AJITOPUTM  BBITIOJIHSET  MEPEMHOXKEHHE  JIByX  ajreOpanuecKux
IIOJINHOMOB OIPAaHUYMBAIOIIMX IIOBEPXHOCTEW TeJla IMOCIEAOBATENBHO 10
MOJTyYeHHs] OKOHYATEJIIHLHOTO PEIICHUS B BHJIE alreOpanyecKkoro mojJIMHOMa
Tena.

[Topsinok paboThI AITOPUTMA CIIETYFOLTUH:

1. Beiuncnenue IOKa3aress CTEIICHU PE3YIABTUPYIOLLIETO
anreOpandeckoro moiauHoMa. CTeneHb Pe3yNbTUPYIONIETO aaredpandeckoro
MOJIMHOMA paBHA CyMME CTETIEHEH MCXOHBIX ajIre0pandyecKux MOJTUHOMOB.

2. ®opMupoBaHUE MaccuBa KOMILJIEKCHBIX MEPEMEHHBIX
PE3YJIBTUPYIOLIETO anredpanvecKoro IIOJINHOMA C Y4ETOM
JeKkcorpauyeckoro  MOpsiAka  3aluCH  KOMIUIEKCHBIX  MEPEMEHHBIX.
Jlexcorpaduueckuit mopsaok [1] ompenenseT TOBBIINIEHUE MMOKa3aTeNs
CTEIEHHM OT MJIQJILIETO YJI€HA MOJIMHOMA K CTapIIEMYy B IMOCIEA0BATENBHOCTH
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Z-y-X. Bo3moxxHO HUCIOJIb30BaHUE OMOJIMOTEYHBIX 111a0JIOHOB
anreOpanvecKoro MoJMHOMa COOTBETCTBYIOIIETO TTOKA3aTeNsl CTEIICHH.

3. Boiunucnenue kod3(pPUIHUEHTOB a MPU KOMIUIEKCHBIX TEPEMEHHBIX 1,
MOJIYYEHHBIX NP MEPEMHOKEHUHN UCXOJIHBIX aire0pandeckux MoJIUHOMOB, U
3aMKiCh B MACCHUB C YUYETOM JIEKCOrpauyECKOro nopsiaka.

4. Ins apXMBHOTO XpaHEHUS aiareOpanyecKkoro IMOJUIOHAa Tejla |
JajabHenIe ero o0paboTKu JOCTAaTOYHO UMETh MAacCUB KOY(P(HUIIMEHTOB a C
3allUChI0 B TIEPBOM SYECWKM MACCHBA 3HAYEHUs CTENEHHOTO I0KA3aTess
anreOpandyecKoro MojuroHa Tejia.

B kadecTBe mnpumepa paccMOTpPUM TIEPEMHOXKECHHE anre0pandecKkux
noJIMHOMOB (3) U (4), UCTIOIB3YS BBIIIE ONMUCAHHBIN AJITOPUTM TIEPEMHOKECHUS
U JICKCUKOTpauIeCKON COPTHUPOBKH.

—14+0xz4+0x y+0xXx+5x Yz +5xx2+5xxp+3x2° +3x y* +3xx° 3)

~10+0xz+0xy+0xx+0xyz+0xxz+0xxy+2x2> +2xy° +2xx° (4)

OnpenensieM  MoOKa3arelb  PE3YJAbTUPYIOLIETO  ajaredpanveckoro
nosmHoMa. I[lomuHom (3) 2-if cremeHu W mnoiuHOM (4) 2-M1 CTEmeHW.
Pesynbrupyromuii nonuHom oynet 2 + 2 = 4-ii cTeneHu.

dopmupyem JeKCUKorpaduyecKu OTCOPTUPOBAHHBIN MaccHB
KOMILUIEKCHBIX ~ TEPEMEHHBIX Ui  anreOpamdyeckoro moiuHoma  4-i
crernend (5).

l+z+y+x—yz—xz—xy—z =y =X’ +xyz+z°y+z°x+y’z+
Y x+x’z+xy+ 2 4y X+ 2y yixz X yz 4+ vzt + (5)
+x° 2+ XY+ Xy + 2 x+yz 4y x+xz 4y 2+t 4

Hastee BbramcnsieM Kod(G(UIMEHTHI MPH KOMIUICKCHBIX IEPEMCHHBIX,

MOJTyYECHHBIE TIPU TTEPEMHOKEHUN UCXOIHBIX alredpandecKux moJIuHOMOB (3)
u (4), pe3yabrar mociae MocieI0BaTeIbHOrO MpuBeaeHus mnokasad B (6), (7)

u (8).
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(—1x=10)+ (=1x0z) + (=1x0p) + (=1x0x) + (=1 x O0yz) + (=1 x Oxz) +

+(=1-0xp) + (=1-22*) + (=1-2p*) + (=1-2x*) + (0z - —10) + (0z - 0z) +

+(0zx0y) +(0zx0x) + (0zx 0yz) + (0z x 0xz) + (0z x 0xy) + (0z x 22°) +
+(0zx2y*)+(0zx2x7)+ (0 x—=10)+ (0 x 0z) + (0y x 0y) + (0y x 0x) +
+(0yx0yz)+(0yx0xz) + (0y x 0xy) + (0y x 2z°) + (0y x 2p°) + (0y x 2x7) +
+(0xx—=10)+ (0xx0z) + (0xx0p) + (0x x 0x) + (0x x 0yz) + (0x x Oxz) +

T+ (0x % 0xp) + (0 x 227) + (0x x 212 ) + (Ox x 247 ) + (32 x—10) + 32> x 0z) +  (©)
+ (32" x0y)+ (32" x0x) + (32" x 0yz) + (32 x Oxz) + (3z% x Oxy) + (3z° x 22°) +
+(32° x32)+ (32" x3x7) + (3y* x=10) + (3y* x 02) + B3y* x 0y) + (3y* x Ox) +
+(3y* x0y2)+(By* x0xz2) + (3y° x xp) + 3y* x222) + (3y> x 2y*) + (3y”* x 2x7) +
(3x* x=10) + (3x” x 0z) + (3x* x 0y) + (3x” x 0x) + (3x* x 0yz) + (3x” x 0xz) +
+(3x7 x 0xp) + (3x* x22°) + (Bx* x 2y*) + (3x7 x 2x%)

104+ 0z +0y+0x—50yz —50xz —50xy —30z> =30y —=30x> +
+0z+0z> +0yz+0xz+0z°y +0z°x+0xyz+ 02> +0y°z +
+0x°z+0y+0yz+0y° +0xy+0y°z+0xyz+0y°x+0z>y+0y° +
+0x°y+0x+0xz+0xy+0x> +0xpz + 0x°z+ 0x"y + 0z°x + 0y°x +
+0x> +0yz+0z°y+0y°z+0xyz+0y°z> + 0z°xy +0x°z° + 0x” yz +

Y. y+uy yz+Uy y Y.
+02°x+0y°xz +15x°z+0xy +0xyz + 0y°x +0x>y + 0y’ xz + 0x” yz +

y y+Uxyz+Uy y+uy Yy 7
+0x°y* +0z°xy+ 0y’ x+0x’y =22 +02° +02°y+ 0z°x +102°y +
+102°x+10z°xy +6z* +6y°2% +6x72 —=23° +0y°z+0y° +0y°x +

y y y y y y

+10y°z+10y°xz+10y°x +6y°2° + 6" +6x°y* —2x° +0x’z +

+0x%y+0x +10x>yz +10x°z +10x° y + 6x° 2% + 6x°y* + 6x°
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10+(0+0)z+(0+0)y+(0+0)x+(0+0+0-50)yz+(0+0+0—-50)xz +
+(0+0+0-50)xy+(—2+0-30)z> +(-2+0-30)y" +(-2+0-30)x" +
+(0+0+0+0+0+0)xpz+(0+0+0+0)z°y+(0+0+0+0)z’x+
+(0+0+0+0)y’z2+(0+0+0+0)y’x+(0+0+0+0)x’z+
+(0+0+0+0)x°y+(0+0)z° +(0+0)y’ +(0+0)x’ +

£ (0+0+10+0)z2xy+(0+0+10+0)y xz+(0+0+10+0)xyz + (8)
+(0+6+6)y°2° +(0+6+6)x°z° +(0+6+6)x"y°
+(10+0)x’y+(10+0)z°x+(10+0)y’z+(10+0)y’x +
+(10+0)x’z+(10+0)x’y+6z* +6y* +6x*

3areM HEOOXOIUMO YCTaHOBUTH KOI(POUIIMEHTHI W3 alreOpandecKoro
nosiHoMa (8) B mabioH anrebpanueckoro monuHOoMa (5). Pesynerar
pou3BeIeHUs TIpencTanieH B (9).

10+0z+0y+0x—50yz—50xz —50xy—32z° —=32y° —=32x* +
+0xyz+0z°y+0z°x+0y’2+0y*x+0x’z+0x*y+0z° +

+0y° +0x° +10z°xy +10y°xz +10x% yz +12y° 2% + ©)

+12x°2° +12x°y* +10x°y +102°x +10y°z +10° x +

+10x°z+10x°y+62z* +6y* + 6x°

MaccuB 3anucu Ko3h(UIIMEHTOB a TPH KOMIUICKCHBIX TEPEMEHHBIX M
nokasas B (10).

4;10;0;0;0;-50;-50;--50;-32;-32;-32;0;0;0;0;0;0;0;0;0;0;
10:10:10:12:12:12:10:10:10:10:10:10:6:6:6. (10)

Ha pucynke mnoka3aHo anreOpanyeckoe T1eno 4-ro mopsjka,
COCTaBJIEHHOE B IAHHOM IIPUMEPE U3 JIByX IMOBEPXHOCTEN 2-T0 MOPAIKA.

Heo0xonuMo OTMETHTH, YTO MOJYYEHHBIA PE3yIbTaT 3aHUMAET KpaiHe
Majo KOMIIbIOTEPHOW NaMSATH U MOXKET OBbIThb CKaT 0e3 MOTepHu JaHHBIX
npUOIU3UTENBHO B IATH Pas.

OTO OTKpPHIBAET BO3MOXXHOCTH CO37aBaTh OMOIMOTEKH OOJIBIIOTO YHCIIa
anreOpanyecKux MOJUIOHOB TEJl CIOKHOU FeOMETPUUYECKON POPMBI.
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Pucynok. Anre6pandeckoe Teio 4-ro nopsiaka,
OTPAHUYEHHOE JBYMS ITOBEPXHOCTSAMHU 2-T0 OPSAKA

[IpencraBiieHHbIN AITOPUTM MO3BOJISIET BHIYUCIATH KOAGOULMEHTHI IPU
KOMIUIEKCHBIX ~TMEPEMEHHBIX s anreOpanvyeckux IOJMHOMOB JIHOOOM
CTENIEHH U 3aJaHHOW TOYHOCTH.
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AHHOTaNUA

Paccmampusaemca mamemamuueckoe MOOeIUPOSAHUE 2€0MEMPUYECKO20 Mmeld
sude aneedpauiecko2o NoIUHoMa (areebpaunecko2o mena), KOmopwviii 0aem OOHO3ZHAYHOE
NONHOe 2eomempuyeckoe ONUCAHUEe IMO20 ANedpPautecko2o meia ¢ a0o0u MOYHOCMbIO U
CNLOJCHOCMbIO — 2eomempuyeckoll  hopmbl.  Aneebpauueckoe meno gopmupyemcs u3
OMOENbHBIX  aneedpAUdecKux NONUHOMOS, ONUCHIBAIOWUX OSPAHUYUBAIOWUE NOBEPXHOCTU
eeomempuyecko2o mena (om niOCKOCMU 00 NO8epXHOCMmell 100blX NOpsadKos), nymem
nocne008amenbHo20 — NePEMHONCEHUS  OMOETbHbIX aneedopauieckux — NOIUHOMOS.
Mooenuposanue ocywecmensemcs 6 mpexmepHom  Jlekapmogom — npocmpaxcmee.
Tonunomul 3anucvléaromces 6 onpeodeneHHOM 1eKCoepagduieckom nopsoxe.

D. Korolkov

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications

THE ALGORITHM AND SOFTWARE TO CREATE ALGEBRAIC SURFACES

Annotation

We consider the mathematical modeling of geometric body as an algebraic
polynomial (algebraic body), which gives an unambiguous complete geometric description
of this algebraic body with any accuracy and complexity of geometric shapes. Algebraic
body is formed from separate algebraic polynomials describing the bounding surfaces of a
geometric body (from the plane to surfaces of any rate), by sequentially multiplying the
individual algebraic polynomials. We are modeling in three-dimensional Cartesian space.
Polynomials are written in a certain lexicographical order.

Keywords: CAD, geometric models, optimization of a design.

Reference

1. Komp'juternaja geometrija i grafika: uchebnik dlja stud.uchrezhdenij vyssh.
prof. obrazovanija / V. M. Degtjarev. — 2-¢ izd., ster. — M. : Izdatel'skij centr «Akademijay,
2011. - 192 s.

KopoJabkoB Imutpuii UropeBuu — acimpanT kadeapsl nHHOPMATHKU ¥ KOMITBIOTEPHOTO
nu3aitHa denepanbHOr0 roCylapcTBEHHOIO 00pa30BaTeIbHOIO OIOMKETHOIO YUPEKICHUS
BBICIIET0 TpodeccruoHanbHoro obpazoBanus «Caskrt-IlerepOyprckuil rocyapCcTBEHHBIH
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NMHPOPMAIMOHHAA BE3OIIACHOCTD

VJIK 519.68

C. . lITependepr

Canxm-Ilemepbypeckuti 20cy0apcmeeHHbll YHU8epcumenm meieKOMMYHUKAYULL
um. npogh. M. A. bonu-bpyesuua

HCCIIEJOBAHUE U AHAJIN3 OCOBEHHOCTEN ®OPMATOB
NCIHOJTHUMBIX ®ANJIOB ITO/I LINUX JIUIA CKPBITOT'O
BJOXEHUA UHOOPMALIMHU

cmeeanozpaghusi, KOHmelHep, Cme2aHokooep, Cme2aHocucmemd, nepeoaud
ungpopmayuu.

Cuuraetcsi, Oyaro Ob1 00MeH ucnoaHseMbIMU ¢aiinamu B mupe Linux
HaMHOT'0 HIDKe, yeM B Windows, 4TO OOJILITMHCTBO IOJIb30BATENICH CKaunBa-
€T UCXOJIHUKU U KOMIIUIUPYET UX camocToaTenbHo. OnHako 3To He Tak. Hc-
XOJTHUKHM 3aHUMAIOT HAMHOTO OOJIbIIIE MECTa, @ MOJIEM CTOJIBKO CBOOOJIHOTO
MPOCTPAHCTBA CKOJBLKO TpeOyercs He mMmeeT. KoMmuisiius OONbITNX MpOeK-
TOB 3aHUMAET JOBOJLHO MPOJOKUTEIHHOE BpEeMsl, 3a4acTyI0 HAMHOTO TIpe-
BBITIIAIOIIEE BPEMSI CKauMBaHUS (JECATKA MUHYT WIIN JIaxe 9achl). Baxkao of-
HO — OYEHb MHOTHE TOJIb30BATEIIA MPEANOYNTAIOT CIIMBATh TOTOBBIC OMHAp-
HUKH, CKOMIIWJIMPOBaHHBIE JJ1s1 cBoer ocu. YacTo Takue daiiibl gexar mpsiMo
Ha opULHAIBHOM caiiTe mpousBoautens [ 1-9].

Ecth u apyras npobGiema. Linux nmporpaMMHUCTBI HE 3a0CTPSIIOT BHUMA-
HUSl C UHTEPAKTUBHBIMU KOH(PUTYpaTOpaMu U CEpbe3HO 3JI0YMOTPEOISIOT IU-
peKTHBaMU YCIOBHOM koM. Hampumep, 71 0JTHONPOILIECCOPHON Ma-
IIMHBI CO3/1ae€TCA OJJHA COOpKa, ISl IBYX- WIIM YETHIPEXIIPOIIECCOPHOM — JIPY-
ras. Takux oniuii MOKET OBITh OYEHb MHOTO M BBUIOKHTH BCE Pa3HOBUIHO-
CTH COOpPOK Ha O(PUIMATBHBIA CAUT MPOCTO HEpPEaTbHO. A KOMIMIUPOBATH
CaMOCTOSATENFHO — CJIMIIKOM J0JT0. BOT M mpuxoautcs peicKaTh MO CETH B
MOWICKaX TOTOBBIX COOPOK, OTKOMITMJIMPOBAHHBIX HE3aBHCHUMBIMH Pa3padoT-
YUKaMH, W CKauWBaTh UX. [IpM STOM BO3HUKAET €CTECTBEHHAs yrpo3a
HApBaThCS HAa BUPYC, 3aKIAAKy WU TPOSH, U TAKUE MPOUCIISCTBUS yKE CITY-
gaymch! JlopaboTaTh MCXOAHBIC TEKCTHI MPOIIE BCETO, HO YTO JCNATh, €CIIU
€CTh TOJILKO HCIONHAEMBbIN (aitn u 6onbie Hu4Uero? bepem hex-penakrop u B
CaMbIX OTBETCTBEHHBIX MECTaxX IMpaBUM yes Ha no! A emie Kpyde BHEAPUTH
«4acOBOM MEXaHU3M», KOTOPBIM B OMpe/eIeHHbIiI MOMEHT BBIBEIET MPUBET-
CTBEHHOE COOOIIICHHE HA SKPAH WJIU BBIMIOJHUT HEKOTOPOE COOBITHE.
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N3navansHo Unix noaaep>KuBajiv MHOXKECTBO UCTOJIHIEMBIX ()OPMATOB,
0’KECTOUCHHO KOHKYPHUPYIOIIUX MEXIy co00M, HO Teneph ocTtaics oauH ELF,
cTaBiIUid ctannaptom nae-gakro s Linux u BSD. A66pesuatypa ELF pac-
mudpoBbiBaeTcs kak Execution & Linkable Format (popmar ucnonnenus
U KOMIIOHOBKH). OH COCTOUT B orpezesieHHoM pojictBe ¢ win32 PE, mostomy
y HUX MHoro oOmiero. B nauane ELF-(aitna pacnonoxen ciayxeOHBIN 3aro-
noBok (ELF-header), omuchiBaronuii OCHOBHBIE XapaKTEPUCTUKHU (aiiya —
TN (MCIIOJHEHUsI WK JUHKOBKH), apxutektypa LIII, BupTyansHbIl anpec
TOYKA BXOJa, pa3Mepbl M CMEIIEHUS OCTalbHBIX 3arojoBkoB. 3a ELF-
header'om cnenyer Tabnuna cermeHToB (program header table), mepeuwncis-
I0I11asi UMEIOLIMECS CETMEHTHI U UX aTpuOyThl. B (hopmaTe IMHKOBKU OHA He-
obs3arenbHa. JImHKep HEe oOparaeT BHUMaHHS Ha CETMEHTHI, TaK Kak paboTa-
€T UCKIIIOYWTEIIbHO HAa ypPOBHE CeKUui. HampoTwB, CUCTEMHBIN 3arpy3yuK,
3arpyxaromuid ucnonuseMmbli ELF-(daiin B mamMarb, UTHOPUpPYET CEKLUU U
OIIEpUPYET LEIBIMU cerMeHTamu. bimxaimuii ananor ELF-cermenToB — PE-
cexkuuu, HO B PE-(aiinax cexuus — 3To HauMEeHbIlIasi CTPYKTypHasi €IMHUIIA, a
BoT B ELF-(aiinax cerMeHT MOXXeT ObITb pa30MT Ha OJWH WU HECKOJIBKO
dbparMeHTOB — ceKiil. B 4acTHOCTH, TUMIMYHBIN KOJOBBIA CErMEHT COCTOUT
U3 CEeKUMH .init (mMpoueaypbl MHUNMAIM3ALUK), .plt (Cexkmus CBA30K), .text
(ocHoBO# kon mporpammbl) u .finit (mpoueaypsl dunanuzamuu). Cekiuu
HY>KHBI JINHKEPY JJI1 KOMOMHUPOBAHMS, YTOOBI OH MOT OTOOpAaTh CEKIIMH C
MOXO0KUMHU aTpuOyTaMH M ONTUMAJIBHBIM O0pa30M pacTacoBaTh MX IO CET-
MEHTaM TpH cOopke daiia, To ecTh «CKOMOUHUPOBATHY .

HecmoTps Ha TO, YTO CUCTEMHBIN 3arpy3udK UTHOPUPYET TAOJHILY CEK-
WHA, JUHKEp BCE-TaKW MOMENIAET €€ KOIMUI0 B UCIHOJHseMbld (aitn. Mecto
TPATUTCSI COBCEM HEMHOTO, 3aTO OTIaAYUKaM W JrU3acceMOiiepaM Tak MpHsIT-
Hee. [1o He coBceM MOHATHBIM MpuuuHaM gdb ¥ MHOTHE Apyrue mporpaMmbl
OTKa3bIBAIOTCS 3arpy»aTh (hailJl ¢ MOBPEXKIECHHON WM OTCYTCTBYIOIIEH Ta0-
JIMLIEN CEKLMH, YeM 4acTO MOJIb3YIOTCS JJIs 3alIUThI IPOrpaMM OT MOCTOPOH-
HEro BMEIIATEIbCTBA.

CTpykTypy M Ha3HauY€HHE MOJEH CIIyKEeOHBIX 3aroJIOBKOB 3/1eCh pa30u-
paTth He Oyaem. DTuM 3aiiMercst hex-pegakTop, U HaM 3TH MOAPOOHOCTU HE
noHanooOstcs.  UHTrepecyrommecss  MOTyT — oOpatutbess K (Qailny
/usr/include/elf.h — tam Bce moapo6no pacmucano. Ilo ymomuanuto ELF-
3aroyioBok Haxomutcs mo aapecy 8048000h. 3To u ects 0a30BbBIN ampec 3a-
rpy3ku. Ha cTagnm THHKOBKH OH MOXET OBITh CBOOOHO MU3MEHEH Ha JPYTOMH,
HO OOJIBIIIMHCTBO MPOrPAMMUCTOB OCTABIISIIOT €r0 «KaK €CThy». Bce cerMeHThl
MPOCIUPYIOTCSA B MaMSITh B COOTBETCTBUU C BUPTYAIbHBIMHU aJpecaMu, Mpo-
MUCAHHBIMHU B TaOJUIlE CETMEHTOB, IPUYEM, BUPTyajbHasl MPOEKIHS oOpa3a
BCETJla HEMPEePhIBHA, U MEXK]Iy CETMEHTAMU HE JIOJHKHO OBITh HE3aMOJIHEHHBIX
«IBIPY.

! http://www.gfs-team.ru
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Hauunas ¢ agpeca 40000000h, pacmnonaratoTcsi COBMECTHO HCIOJIb3Ye-
Mble 6ubmmoreku ld-linix.so, libm.so, libc.so u apyrue, KOTOpbie CBI3BIBAIOT
OIIEPALMOHHYIO CUCTEMY C IPUKIIAJHON MPOrpamMMoOn. bimxalmumii aHaJIor u3
mupa Windows — KERNEL32.DLL, peanusytomas win32 API, Ho mipu xe-
JaHUU MPOTrpaMMa MOKET BbI3BIBATH (DYHKIIMU OINEPAIMOHHOW CUCTEMBI U
Hanpsmyro. B NT 3a ato otBeuaer npepsiBanue INT 2Eh, B Linux, kak mpa-
Buio, INT 80h.

Jliist Toro 4ToOBI cenath oOHapyKeHHe (akTa BIOKECHHS HHPOPMAIHH
B UCIIOJIHSIEMBIN KOJ MAaKCUMAJIbHO TPYAHBIM, TPeOyeTCs, 4TOOBI CTATUCTHKA
MOSIBJICHUST OTPECIEHHBIX UHCTPYKIIMNA B KOJAE C BIOKEHUEM MUHHUMAJIbLHO
OTJIMYAJIach OT TaKOM K€ CTaTUCTUKU B KoJie 0e3 BiIoxkeHui. B noknazae pac-
CMaTPUBAETCS CTATHCTHUKA TOSBIICHUS MHCTPYKIMI B UCTIOIHIEMOM Koje 6e3
BJIOKCHU W aHAM3HPYETCS HAmOOoJee MOAXOMSIINE JUIsl BIOXKEHUS WH-
CTPYKITHH.

Kak npaBuiio, 06paboTyuku ABOMYHBIX (DailioB pacno3HarOT (ailiibl 1o
KaKUM-JIHOO0 «MAaru4eCKUM ITOCIIEI0OBATEILHOCTIMY (CIIEUATBLHBIM TOCE0-
BaTEJIbHOCTSIM OAalTOB), BHEIPEHHBIM B Havasio ¢aiiia, a MHOrAa — MO KaKo-
My-100 cBOMCTBY MMeHH (paitina. Hanpumep, o6padotuuk Java yoexmaercs,
4yTO UMs (haiiyia 3aKaHUYUBAETCS] CUMBOJIAaMHU .class ¥ 4TO MEpPBBIMU YETHIPHMS
Oaiitamu (B mectHamaTupuuHoM ¢dopmare) ssisioTcs Oxcafebabe, kax
ONPEAEIIEHO CTaHAApPTOM Java.

Snpo Bepcuu 2.2 obecrnedyuBaeT Cieayromue 00paOOTIYMKH JBOUIHBIX
daiinoB (B cucteme Ha 6asze mpoueccopa Intel; moptel Linux mus mpyrux
matdopmM, Takux kak PowerPC u SPARC, obecieunBaroT 10MOTHUTEIbHbBIE
00pabOTYNKH):

— a.out (B aitne fs/binfmt aout.c). JIna nBondHBIX (HalJIOB B CTAPOM
dopmate Linux. DToT 00paboTuuk Bce eme Tpedyercs sl 00paTHOM cOoBMe-
CTUMOCTH B HEKOTOPBIX CHCTEMax, HO B LIeJIOM, (popmaT a.out ObICTPO OTMHU-
paer.

— ELF (B datine fs/binfmt elf.c). Ins nBonvHBIX (ailyioB B HOBOM (Hop-
mate Linux. DTOT ¢dopMar HIMPOKO HUCIHOJIb3YeTCsl KakK ISl HCIOIHSIEMBIX
daiinoB, Tak U A7 OMOIMOTEK COBMECTHOTO HCIOJIb30BaHUA. BoJIbIIMHCTBO
coBpeMeHHBIX cucteM Linux (mampumep, Red Hat 5.2) moctaBmisitoTcst TOIBKO
¢ nBonuHbIMU (aitnamu B popmate ELF, X0T4, kak mpaBuiio, OHU MOJEPKU-
BalOT TAKXK€ 3arpy3Ky IBOMYHBIX (pailioB B ¢opmare a.out, Ha TOT CIy4aw,
€CJIM TIOJIB30BATENIh PEIINT WX yCTaHOBUTH. OOpaTuTe BHUMaHWE, YTO HE-
cMOTps Ha TO, uTto (hopmaTt ELF cumraercs cobctBeHHBIM (hopmaTom Linux,
OH HCIIONB3YyEeT 00pabOTUYHK ABOWYHBIX (DAisIOB, MOJOOHO OCTAIBHBIM (Op-
MaTaM — SIIPO HE OKa3bIBaeT MpeANouTeHrne HU ogHoMy u3 dopmartoB. Hc-
KIIFOUEHHE 0COOBIX CIy4YaeB CIOCOOCTBYET YHPOUIEHUIO KOJa SApa.

— EMS86 (B daiine fs/binfmt _em86.c). IloMmoraeT BBINOIHATH ABOUYHBIC
¢aiinbl Intel Linux Ha kommbrotepax Alpha, kak ecnu Obl OHM OBLIM COO-
CTBEHHBIMH JBOMYHBIMU (aiinamu Alpha.

40



— Java (B daiine fs/binfmt_java.c). [1o3BoJisieT BBINOIHATH (haitiibl .class
Java 6e3 siBHOro ykaszaHusi MHTepIpeTaTopa OaiT-kona Java. IIpu sTom wuc-
MOJIE3YETCS MEXaHU3M, aHAJIOTMYHBINA HCIIONh3yeMOMY JJIsl CIIEHapHeB; oOpa-
00TYMK 3amycKaeT HMHTepIpeTaTop OailT-kona, mepenaBas emy uMs (ailia
.class B kauectBe aprymenTta. C TOUKHU 3pEeHHs MOJIH30BATENS JBOUYHbBIC (paii-
71 Java 00pabaThIiBarOTCA Kak COOCTBEHHBIE UCIIOIHSIEMbIE (haitiibl. DTOT 00-
paboTuuk OyaeT pacCMOTPEH MoAPOOHEe ajee B ITOU TJIaBe.

— Misc (B daiine fs/binfmt_misc.c). Hanbonee pa3zyMHbIii Ha JaHHBIN
MOMEHT 13 00pabOTYMKOB JBOMYHBIX (PAiIOB, ’TOT 00PabOTUMK MOXKET pac-
MO3HABAThH PSIJl IBOUYHBIX (JOPMATOB IO CIICIUATILHBIM BHEIPEHHBIM ITUdpam
WK 1o cypdukcaMm uMeH (ailyioB; HO €ro riIaBHOE MPEUMYILECTBO 3aKIII0Ya-
€TCSl B TOM, YTO OH MOXET KOH(PUTYPUPOBATHCSI BO BPEMSI BBITIOJTHEHUS, a HE
TOJIBKO BO BpeMmsi KoMmuisiuu. CreoBaTeNIbHO, TTOIEPKKY HOBBIX (hopma-
TOB JBOWYHBIX (haillIoB MOKHO J0OABIATH «HA JIETY», HE BBIMOJHSS Tepe-
KOMIWIALIMIO sIipa U mepe3arpys3Kky. (3To AeiCTBUTENbHO MpeKpacHas uues!).
KommenTapuu B ucxoaHoMm ¢aiisie ykas3plBaroT, 4TO CO BpeMEeHEM 00paboTuu-
KM IBOMYHBIX (haitsioB Java 1 EM86 OyayT 3aMeHEeHBI 3TUM 00pabOTUUKOM.

— Scripts (B daiine fs/binfmt script.c). llpenna3snauen ajis ClieHapueB
o0onouku, cuenapueB Perl u 1.m. [lomyckass HEKOTOPYIO BOJIBHOCTb, MOKHO
CKa3aTh, YTO JII0OO0H UCTIONMHAEMBIN (haiis, IEPBBIMHU ABYMSI CHMBOJIAMUA KOTO-
poro siBIsitOTCS #!, 00pabaThIBAIOTCS 3TUM O0OpaOOTYMKOM JBOMYHBIX (aii-
JIOB.

Jlns uccnenoBanus ObLTa ucronb3oBaHa nporpamma gzip (GNU Zip).
HcxomHbIi K0T TPOTrpaMMBbl OBIT CKOMITMJIMPOBAH C MIOMOIIBI0 KOMITAJISITOPA
GCC B omnepauuonHoil cucreme Linux B TpE€X Bepcusx: 0e3 ONTHUMHM3ALUU
(xmou — O0), ¢ MakcuManbHOM onTUMU3aluel mo BpemeHu (kiod — O3) u ¢
onTuMu3aluen no pasmepy (kiatou — Os). [ns uccnenoBanus ObLUTH BEIOpaHbI
MHCTPYKIUU MpUOaBICHUS U BbIUUTAHUS KOHCTaHTHI ¢ nomoiubto add/sub,
OOHYJICHHSI PETUCTpPa C MOMOUIBI0 XOr/sub M MPOTHUBOMIOJIOKHBIE YCIOBHbBIE
nepexopl. JluarpaMmel pacipeieseHusl Kaxa0ro U3 BApUaHTOB KBUBAJICHT-
HBIX MHCTPYKIUM NpUBEICHBI HA pUCYHKax 1, 2, 3.

41



3NEeKTPOHHLIM Hay4HbIM XypHan ISSN 2307-1303

© WHGOPMALMOHHBIE TEXHOMNOTM KU

M TenekoMMyHHWKaUWKU. Bbinyck 1 3a 2014 rog

jle-ig
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xor-sub

add-sub
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Puc. 1. Pacnipenenenne BapuaHTOB SKBUBAJICHTHBIX MHCTPYKIIMI
B HCIIOJIHSIEMOM Kojie 0€3 ONTUMU3AIIU

jle-jg
il-ige
ja-jbe
jz-jinz

xor-sub

add-sub

o

0,2 0,4 0,6 0.8

=

Puc. 2. Pacnpenenenrie BApUaHTOB SKBUBAJICHTHBIX HHCTPYKIUN
B HCIIOJIHSIEMOM KOJI€ C ONTUMH3ALUEN 110 BPEMEHHU

42



3NEeKTPOHHbIK Hay4HbIK XypHan ISSN 2307-1303

© WHGOPMALMOHHBIE TEXHOMNOTM KU

M TenekoMMyHHWKaUWKU. Bbinyck 1 3a 2014 rog

jle-jg

jl-ige

ja-jbe

jz-jnz

xor-sub

add-sub

I I ] L]

0,2 04 0,6 0.8

o
ey

Puc. 3. Pacnipenenenue BapuaHTOB 3KBUBAJIEHTHBIX HHCTPYKLUI
B HCIIOJIHSIEMOM KOJI€ C ONTUMU3ALUEN 110 pa3Mepy

N3 nuarpamm BUIHO, 4TO sl 0OHYJeHUs1 peructpa komnuisatop GCC
BCErJa MCIOJIb3YET MHCTPYKUHUIO XOr. JTO 3HAYMT, YTO BJIOKEHUE C MOMO-
MIbI0 3aMEHbl HMHCTPYKIUN XOr/sub sBIsETCA JIETKO OOHAPY>KMBAEMBIM.
OcranbHble CUHOHMUMBI MHCTPYKIMH paclpeleieHbl OTHOCUTEIBHO PaBHO-
MEPHO U MOT'YT OBITh UCTIOIB30BaHBI JJIs1 BIIOKEHHS] HHPOPMALIUH.

Taxoxke OblIa MpoaHAIM3UPOBAHA YACTOTA TMOSBICHUS WHCTPYKIIUH, HC-
MOJIB3YIOMINX B KaU€CTBE 0O0OOMX OMEPAHIOB PETUCTPHI, B UCIIOIHIEMOM KOJIE,
CKOMITUITUPOBAHHOM JJIsI PA3JIMYHBIX OMEPAIMOHHBIX cucteM (puc. 4). boib-
e BCETO TSl BIOKECHHsI WH(DOpPMAIUU MOIXOIAT HanbOoee 4acTo BCTpeda-
IOIIHUECS] UHCTPYKIIMK MOV, XOr U cmp.
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900

800

700

600

500 B Windows

400 B MacOS

300 Linux

200

100

xor cmp sub or add

Puc. 4. KonmnyecTBO MHCTPYKIIMIA, HCTIONB3YIOUTUX
B KaueCTBE 00OUX OMEPaHI0B PETUCTPHI, B UCIIOIHIEMOM KOJI€
JUTSL pA3JIMYHBIX OTIEPALIMOHHBIX CUCTEM

and

mov

Jlist BeI30Ba (DYHKIMM THMA OTKPBITUS (Dailyia MOKHO O0OpaTUTHCS JIMOO
Kk Oubnmoreke libc, mnG0 HEMOCPEACTBEHHO K CaMOW ONIEPAIIMIOHHON CHCTEME.
IlepBblii BapuaHT — camblii TPOMO3AKHAM, CaMblii IEPEHOCUMBINA U HaNMEHEE
npuMeTHbIN. [locnennuil — mpocT B peain3anny, HO MPU MIEPBOM KE B3IISAIE
Ha au3acceMOJIEpHBIN JTUCTUHT TYT ke OpocaeTcs B IJia3a (IMpaBUIIbHBIEC TPO-
rpammbl INT 80h He BBEI3BIBAIOT!), K TOMY K€ OH HCIBITBIBACT MPOOIEMBI
COBMECTUMOCTH C pa3IMYHbIMU BepcusiMu Linux.

[Tocneanuit rurabait agpecHoro npoctpancta (oT aapeca CO000000h
U BBIILIE) 3aHUMAIOT KOJA U JAHHBIE ONEPAlMOHHONW CHUCTEMBI, K KOTOPBIM MbI
Oynem oOpamarbcsi TOJabKO nocpenctBoM mpepbiBanus INT 80h wnu uepes
paznensiemble 6ubuoTeku. CTeK HAXOAUTCS B HIDKHUX ajipecax. OH HaunHa-
eTcsi ¢ 0a30BOro ajpeca 3arpy3Ku U «pacTeT BBEpX» MO HAIMPABIEHUIO K HY-
JIEBBIM aJIpECaM.

JIJis SKCTIEpUMEHTOB TI0 UMILJIAHTAIIMK HaM MOTPeOyeTCs )KUBOM UCIION-
HsIeMBIH (haiis1, KOTOPBIN MpU MOMOIIM KOMIWISITOPA U TEKCTOBOTO PEIAKTOPA
MBI CMOKEM M3TOTOBUTH U CAMOCTOSITEILHO (pHC. ).
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#include <stdio.h>

main()

{

printf("LORDI - the best group in the world!\n"\

"(www.lordi.org)\nmonsters, bondage and sado-maso\n");

}

Puc. 5. IlemoHcTpannonHas rnporpamma,
B KOTOPYIO MBI OyJIeM BHEJPSATh TOCTOPOHHUIA KOJT

JaBail 17151 pa3MHHKH IPOCTO IIOMEHSEM IEPBBIE JBE KOMaH/1bl MECTAMHU:
xor ebp,ebp/pop esi Ha pop esi/xor ebp,ebp. IToaBenem Kypcop k mepBoi Ma-
IIMHHOM KoMaHe (oHa pacnojoxeHa o aapecy 80482C2h) u naxxmem <Ctrl-
A> (Assemble), BBoguM pop esi. Penaktop npeyoxkuT HECKOJIbKO BAPUAHTOB
accemOnupoBanusi Ha Ham BbIOOp: SEh u 8Fh C6h. Beibupaem SEh, kak ca-
MbIi kopoTkuii (§Fh C6h mpocTo He Blie3eT B OTBEJCHHOE MECTO), 3aTEM TOU-
HO TaK acceMOIMpyeM KoMaHy xor ebp,ebp’.

[Toneir koHTposbHOM cymmbl B ELF-3aronoBke HeT, U moToMy oOpa-
IIaTbCA K €€ IMepecueTy He HY)XHO. LinuxX KOHTpOJbHYI0 cymmy (aiina He
cuutaetr! B onepanmonnbix cuctemax Windows npoucxoaut Bce uHade. PE-
daiin coaep>KUT 3arojlOBKE MHOTO JIMIIHEH M YacTO HEUCIOJIb3yeMOW HH-
dopmanuu. I[Ipuxonaurcs MOANUCHIBATh KAKIYIO CEKIUIO, JIerye YyToObl Mpo-
rpaMma cama MmoHuMaza 4to 3a ceknus. Linux u Windows momuepKuBaroT
MEXaHHU3M OTJIOKEHHOM 3arpy3ku 1o TpedoBanuto. CtpaHuisl obpasa mpo-
eLUPYIOTCS B MaMsTh TOI/Aa M TOJIBKO TOTJa, KOTJa K HUM IPOUCXOIUT oOpa-
HIEHUE, B pPE3yJIbTaTe YEro, HEMEJJIEHHO MOCe 3amycKu, (ailil ToToB K pado-
TE€, @ BCE HEJOCTAIOLINE CTPAHUIIBI J03arpyKaroTcs y>Ke MOToM (WM He 3a-
rpy’XalTcsi BOOOIIE, HANPUMEP, YacTh MPOrpaMMBbI, OTBETCTBEHHAs 3a Iie-
4yaTh, BOOOIIe He OyAeT 3arpykeHa, eclii HU pa3y He OblUT BBHIOpAaH MyHKT
print). IIpouecc 3arpy3ku kak Obl «pa3mMa3bIBae€TCs» BO BPEMEHU, HE MIPUBJIE-
KaeT BHUMAaHMs HUKAKUMH TECOYHBIMHU YacaMH, KOTOPBIE TaK JIIOOUT JTeMOH-
ctpupoBath Windows. OHako, Mpu MOACYETe KOHTPOJIBHOW CYMMBI ITPOUC-
XOJIUT HeU30eKHOe 0OpallieHue KO BCEM CTpaHUIaM, U BCE OHU 3arpyKaroTcs
B IaMsTh, JaKe €CIM He HYXHbI. [loydaercs, 4To y Hac ecThb JBa MEXaHU3-
Ma — OJIMH ONITUMM3UPYET 3arpy3Ky, APyrou ee «IecCUMU3UPYET».

A BOT pa3zpaboTunku Linux mepenoxuian mojacyeT KOHTPOJIbHON CyMMBbI
Ha YCTPOWCTBa BBOJIA/BBIBOJIA, KOTOPHIE €€ ACHUCTBUTENBHO cUUTarOT. KoHeu-

2 http://www.xakep.ru/magazine/xa/083/106/3.asp
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HO, 3TO HE CTPaxXyeT OT UCKaXEHUH. B yacTHOCTH, )KeCTKUE AUCKUA KOHTPOJIU-
PYIOT TOJIbKO pusnueckue AedeKThl, HO HE 00paIllatoT BHUMAHUS Ha JIOTHYe-
CKHe UCKaKkeHUs (BUpYyChI). TeM He MeHee, 0cO00ro CMbIciia B KOHTPOJIbLHOM
CyMMe, XpaHsilencs HemOCPEICTBEHHO B caMoil (paitiie, Bce paBHO HeT. Ecnu
BUPYC MOXET MOAUPUIMPOBATh (ailin, oH MOAUPUIMPYET U KOHTPOJIHHYIO
cymMmy. KOHTpObHBIE CYMMBI HY’KHO XPaHUTh B OTJEIBHOM «3aIIUIIEHHOM
XpaHWIHILEY», U UX TIOJCUYETOM JOJKHA 3aHUMaThes (paiioBasi cucTeMa WiH
aHTUBUPYCHBIE peBu3opbl. Hu Toro, Hu npyroro B mupe Linux He Habmona-
eTcsl.

EnuncTBeHHYI0 mpo06sieMy NMpeACTaBIsAIOT MPOTEKTOPHl U YNAKOBIIUKU
UCIIOJIHAEMBIX (PaiIOB, KOHTPOJMPYIOLIME COOCTBEHHYIO LEJIOCTHOCTh. C
KQXJIbIM T'OJJOM UX CTAHOBHUTCS Bce Ooibiiie v Oosbire. UPX, nmpoTekTop oT
shiv'sl... B HUX Ha nepBbIX MOpax Jdy4ylle HE BHEAPATHCS !

BuiBoaLI

B Onmkaiiiiee BpeMmsi, o-BUIUMOMY, CIEAYET 0KUAATh O0JIBIIOTO POCTa
yuciennoctu ELF-BupycoB, nubo juist 3Toro umerorcst Bce yciaoBusi. Bereck
WHTepeca K Linux moien He Ha MoJb3y ATOM omepanuoHHON cucteme. Uem
oonpie crnenuanuctoB rneperaer Ha UNIX, Tem Oosblie cpein HUX OKaXeT-
ca XakepoB W BHpyconucaresien u torna ¢ UNIX mpousoiaer To ke, 4To B
cBoe BpeMms npousonuio ¢ MS-DOS. 3a ocHOBY KOHTeilHEpa ISl BIOKECHUS
MOKHO B35Th Hanbosee MOAXOMAIIMNA U CaMblii ONITUMANIbHBIN HUCIIOJIHUMBIN
daiin opmara .elf. bmkaiimuii ananor ELF-cermentoB — PE-cekiuu, HO B
PE-daiinax cekius — 3T0 HAaMMEHbIIAsi CTPYKTypHas enuHuna, a BoT B ELF-
¢aiimax cCerMEeHT MOKeT ObITh Pa30UT Ha OJUH WU HECKOJIHKO ()ParMeHTOB —
cekiuii. @opmat ELF mouytn momHocThi0 3aMeHUI c000# Oosiee paHHUH, Tak
Ha3bIBaeMbIi (popmaT a.out, KOTOpbIN ObUT JaJdeKO HE CTOJb T'MOOK — cpeau
IpOYMUX HEJOCTAaTKOB (opMar a.out MIOXO MOAXOIWI Il JUHAMHUYECKOTO
CBSI3BIBAHMS, 3aTPYAHSS pealn3aluio OMOJIMOTEK COBMECTHOTO HCIOJIb30Ba-
HUdg. Linux mo mpexHemy coxpaHseT oOpaOOTYMK ABOMYHBIX (DAMIIOB jIst
dopmara a.out, Ho ELF siBisiercs mpenoyTuTeIbHbIM.
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BJIOKEHUS HHGOPMALIUH.

S. Shterenberg
The Bonch-Bruevich Saint-Petersburg State University of Telecommunications

INVESTIGATION AND ANALYSIS OF FEATURES EXECUTABLE
FILE FORMATS ON LINUX FOR HIDDEN ASSETS INFORMATION

Annotation

The aim of the article is to study the methods for selecting a container for embedding
hidden information. Surge of interest in Linux has gone not to the benefit of this operating
system. The more professionals move to Linux, the more of them will be hackers and virus
writers with Linux and then what happens is the same as that at the time happened to MS-
DOS.
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H. A. Deassuun

Canxm-Ilemepbypeckuil 20cyoapcmeennblil yHugepcumem meiekoMmyHUKayui
um. npog. M. A. bonu-bpyesuua

O BO3MOKXHOCTHU IPUMEHEHUA METOJA BBIYUCJIIEHUA
JIMBEPTEHIIMY, OCHOBAHHOI'O HA TIOUCKE BJNKAWIIETO
"COCEIA", 1JA OITUMHU3AIIUU CTETOCUCTEM

cmezanozpaghus, ougepeenyus, oopadbomka U300paNCeHUll, OMHOCUMENbHASL
SHMPONUSI.

Creranorpadus SBISE€TCA AaKTHUBHO Pa3BUBAIOUIMMCS HAIpPaBICHUEM
COBpeMEHHOW Hayku o 3amure uHpopmanuu. CreraHorpadusi Mmo3BoJISET
CKpBITh caM (pakT mepenayun MHGOpMAIMHU, B OTIMYME OT KpuUOTorpaduwu,
KOTOpas JelaeT COOOIIeHHE “HEeYUTaeMbIM~ HO MpU 3TOM (aKT Nepeaadu
3alM(POBAHHOTO  COOOLIEHUS SBJISAETCA M3BECTHBIM. [l BIIOXKEHUS
ucrnoab3dyercst  nokpeiBaromiee  coobmenue  (IIC)  kotopoe  Moxer
IPEICTaBISATh ObITh N300paKEHUEM, BUJIC0, 3BYKOBBIMU (aililaMu, TEKCTOM U
apyrumu obbekTamu. B uactHOocTH, B maHHOUM pabote, B kaudectBe [IC
paccMaTpuBalOTCAd  M300pa)KeHHs, OJIHAKO, CIeAyeT OTMETHTb, 4YTO
paccMaTpuBaeMble  METOJbl MOXXHO OOOOIMTh W Ha  OCTaJbHBIC
MyJbTUMeHHbIE O00BEKThl. IIC B KOTOpBI NPOU3BENEHO BIIOXKEHUE —
Ha3biBaeTcsa creranorpammoit (CI)

CreroaHanu3 — HanpaBlIeHHE HAayKH, 3a/Jadyed KOTOpPOTO SBISETCSA
knaccudukarus o0rekToB Ha [IC u CI'. B manHo# paboTe paccMaTpuBarOTCs
BOIIPOCHI BO3MOKHOCTH pacuera BEpPOATHOCTH OLIMOKM “‘HUNI€aIbHOTO”
cTeroananusaropa. st 3TOro MCHoJjib3yeTrcss MaTeMaTHYecKuil ammapar
OTHOCHUTEJIbHOM SHTPOIINH.

ITIycts P,Q d-MepHble ciydailHble pacnpenenenus, P,Q € (‘Rd,BiRd).
Torma nuBepreHUMsI(OTHOCUTENbHASL YHTPONMSI) ONPEAESAETCS CIEAYIOLUINM
obpazom [1]:

I dP- logd—P, Korja P aGCcoIr0THO HEMPEPHIBHO 110 OTHOLIEHUIO K O
D(P[[Q) =y dQ

+ 00, B OCTAJIBHBIX CIIy4asaX

Ecmu mnotHoctn P u () cymiecTByroT, U 0003HAYalOTCsI p(Xx) U q(x)
COOTBETCTBEHHO, TOTIa
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D(pllg)= [ p(x)-log 2% ax. n
q(x)

*.Rd

JluBepreHuysi  MOKa3bIBA€T  HACKOJBKO  CHUJIBHO  Pa3inuyaroTcs
pacmpeneneHus JBYX CIy4alHBIX BEJIMYMH, U YAOOHOHN SBJISETCS Mepoi
Pa3HUIIBI ABYX CIyYalHBIX pacrpeiesieHuN.

B pabGote [2] nmoka3biBaeTcs, 4yTO ISl JIIOOOTO METOJa CTEroaHaan3a
BBITIOJTHSIETCS CJIEIYIOIINE HEPABEHCTBA!

Pﬁz 1-P fa
P, log( )+(1 =P, )log(——=)<D(P, || ), (2)
1- Pm Pm
Pm - m
P, log(—"—)+(1-B,)log( )< D(E, || P,), (3)
1- Pfa fa
riue PfaI/I P,, — BEpOSTHOCTM JIOKHOW TPEBOTHM U MPOMYyCKa LEIH

COOTBETCTBEHHO, P, P. — coorBeTcTBeHHO pactpeaenenus CI' u I1C.

Taxkum o6pazoM, GpopmyJibl (2), (3) MO3BOJIAIOT BEIYUCIUTH BEPOATHOCTD
OIIMOKK C KOTOPOM MOKET HaWydlIui cTeroaHanu3arop pazinuuth CI' u
[1C. Ognako, 4yTo OBl ONpPEAEIUTh BEPOATHOCTh OLIMOKU MO dopmyrnam (2),
(3) HEoOXOAMMO BBIUMCIUTH JUBEPIrEeHINIO, Uil 4ero HEeOoOXOAMMO 3HATh
pacnpenenenus 1IC u CI' — P.. U P,. Pacnpeneinenuss peaiabHbIX
U300paKeHU TOMYYUTh MPAKTUYECKH HEBO3MOXXHO, YTO OrPaHUYUBACT
npumeHeHue Gopmyi (2), (3) TOTBKO IS MPOCTEHIIMX CITy9aeB W3BECTHBIX
pacnpeneneHun.

B paGotre [3] ommceiBaeTCS METON SMIUPUYCCKOTO BBIYHCICHUS
JMBEPIEeHIIMY HA OCHOBE TIOMCKA OJIMKANIIETO «COCEa.

[Tycts {Xy, ..., X,,} u {Y1, ..., Y;n} 9TO BEeKTOpa OTCUETOB C TIOTHOCTHIO
pacnpeziesieHust p U ¢ COOTBETCTBEHHO, IIPU ATOM 3TH JBa Habopa BEKTOPOB

HE3aBUCUMBI Jpyr oOT apyra. OnpemenuM pacCTOSHHE ot 50 ero
OmmKaiiiero cocena B {X;}jx; Kak

pn(i)=min‘Xl. —Xj :
J=lyen, j#i

rie L? 510 Hopma B RY. AHanoruuHo, BBeJeM pacCTOSIHME OT X; JO €ro
ommxkaiimero cocena B {Y'}

vm(i)zmill‘ i_YJH

J=l,.,m

Torga IMBEPreHIrI0 MOXKHO NMPUOIMKEHHO OLIEHUTh CJIETYIOIUM 00pa3zoM
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®opmyna (4) naeT BO3MOKHOCThH OLIEHUTH JTUBEPIEHIIMIO MEXKIY JTBYMS

CIIy4alHBIMM ~MHOTOMEPHBIMU  H300pakeHusiMu. [lnsg Toro, dYro Obl

BOCIIOJIb30BaThCs €H, HY’KHO BBIOpPAaTh HEKHE (PYHKIIMOHAJbI, OMMCHIBAIOLIUE

n3o0paxkeHue. B kauecTBe Takux (PyHKIMOHAJIOB, B JAHHON paboTe BBHIOpAaHbI

nBymepHbie (yHKunoHansl SPAM [4], koTopble NpeACTaBIAIOT COOOH

OLICHKHU IEPEXOJHBIX BEPOATHOCTEN MEXAY COCEIHUMH MUKCEISIMHU IO 8-MU

HampaBiaeHusm:  {«—,—,1,|,N\,N 2/}, Jlanee  npuBeaeHa  Qopmyia

BBIUMCIICHUS (DYHKIMOHAJIOB JUIsl OJIHOTO HaIlpaBJICHHUs, s U300pakeHus [
pasMepoM 1My X Nqy:

X— _ - _ - _
Cdl,dz =Pr(D,; =d,,D,},, =d,,), (%)
rne —-I'<d <T,-T<d,<T,a D,._J’. =1 -1

i,j i,j+1°

| 1
] |
] |
0 B omcm> m {r}
] |
| |
| |
o) B”°”‘°”‘“> m )

Pucynok. Cxema SMIUpUIECKOTO BRIYHCICHUS TUBEPTCHIINN
Habopa U300pakeHU

1<i<n,1<i<n,-1.

B nanHoli pabore, mnpemsiaraercsi Takas MOJEIb  BBIUUCIICHUS
JUBEPreHIMN H300paKeHUil, NMpU KOTOPOM HEKUW Habop H300paKEeHUM,
JENUTCS Cy4yalHbIM 00pa3oM Ha JBa MHOxectBa {X} u {X'}, ¢ paBHBIM
KOJIMYECTBOM M300paK€HUM B KaXJIOM MHOKECTBE. 3aTeM, B 00a MHOXECTBA
OPOU3BOAMUTCS BJIOKEHUE, W Kak IIOKa3aHO Ha PHUCYHKE, JAMBEPreHIIMs
BBIUMCIISIETCS.  MEXJAYy JBYMS COBEPIIEHHO pa3HbIMU  MHOXECTBaMH
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n3zoopaxxenuii: 11C u3 muoxkecrna {X'} u CI' muoxectBa {Y}. [Ipu satom {Y}
npeAcTaBisieT coboit {X} mocie BI0KEHHUS! CTEroCOO0IIECHHUS.

Ha ocHoBe wMojenu, NOpUBEIEHHOW HAa PHUCYHKE, MPOU3BOIAMICS
SKCIEPUMEHT CO CIEAYIOUMM MapaMmeTpaMu: wucrnoias3oBaiock 40000
nzo0paxeHuii B ¢opmare pgm pasmepoM 128x128 mnmkceneir. Brokenue
MPOU3BOAMIIOCH MPU MOMOIIU TAKUX MIMPOKO H3BECTHBIX AJFTOPUTMOB, Kak
LSB replacing, LSB matching u IIIIC. Jlng IIIIC wmcnonp3oBagocs 3
pPa3IMYHBIX BapUaHTa aMIUIUTY/bI, C KOTOPOU MPOU3BOAUTCS BiIoXKeHUE. J{iis
KaXXJIOM CTETOCUCTEMBI, BEPOSITHOCTD BIIOXKEHUS BapbupoBaiachk oT 0 1o 1.

TABJIMLIA. 3naueHus IUBEPTEHIIMH JIs1 Pa3JIMYHBIX CTETOCUCTEM
C pPa3JINYHBIMU BEPOSTHOCTSMH BIIOKCHUS

Beposrrioers | PECIY) | DECIY) | DY) | DY) | D (X]LY)
snoscerms | P4 LSB | mpu LSB npu npu LTIC npu

replacing | matching | LUIIC (1) 3) HITIC (5)

0 63.1827 | 63.1827 63.1827 63.1827 | 63.1827

0.1 81.2901 | 77.7251 99.7108 | 181.1013 | 147.8558

0.5 212.4426 | 180.7910 | 297.7161 | 538.7343 | 459.8349

1 366.9323 | 297.8719 | 396.9119 | 510.5257 | 518.1709

Kak BugHO M3 TaONuUIIbl, BHIYUCICHHBIC 3HAUYCHUS TUBEPIEHIIUU BEIYT
ce0s1 B COOTBETCTBUU ¢ Teopueil. Takum o0pa3om, padoTa MOKa3bIBAET, YTO
BBIUMCIICHUE IUBEPreHIMU IO METOJy OJMXKalIiero coceaa MOXKET ObITh
UCIIOJIb30BAaHO B IEJSX pacueTa BEPOSTHOCTH OIIMOKH ONTUMAIBLHOTO
creroaHanu3aropa. OJHAaKO CIEQyeT OTMETUThb, YTO i1 pPEaJIbHOrO
UCIIOJIb30BAHUSl JTUBEPIreHIIMN, HEOOXOIUMO W3MEHHTh MOJIeTh pacuera
JTUBEPTreHIIMN TaKUM 00pa3oM, 4ToO Obl MPU HYJIEBON BEPOATHOCTH BIOXKEHUS,
nuBepreHuus Obuia Obl OnM3Ka K HyJIIO. OTOMy OyAE€T MOCBSIIEHO
NaJIbHEUIIIEE NCCIIEIOBAHUE.
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METHOD BASED ON NEAREST-NEIGHBOR APPROACH
FOR STEGOSYSTEMS OPTIMIZATION

Annotation

Questions of stegosystem performance estimation are considered in this paper. It is
impossible to use standard methods of divergence calculation because real images have
very complex distribution. In this work, application of nearest-neighbor approach towards
calculation divergence of real images is investigated. In prospective, this method will make
possible to optimize stegosystem against the best possible steganalyzer, even though such
steganalyzer does not exist yet.
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SELECTION AND RATIONALE OF ALGORITHM
FOR NETWORK TOPOLOGY DETERMINATION
IN THE INTEREST OF TRUSTED ROUTING

network topology, route discovery, georeferencing, routing table, host.

Introduction

Understanding, development and application of secured ways of delivering
data over IP networks from the sender to the recipient mitigating attacks of all
kinds to maintain data integrity and confidentiality as well as its availability are
nowadays of topmost priority considering the ever-increasing number of Internet
users, web applications and industrial automation. All these and others expose
hundreds of millions of people and organizations worldwide to treats and risks
since the Internet is vulnerable to various type of attacks like cryptographic
attacks, injection attacks etc.

Though routing is the process of selecting paths in a network along which
to send data, yet under an unmonitored scenario, the network essentially breaks
into components with similar interest groups. And as such, securing data is
inherently coupled with securing the network from self-interest groups [1]. Thus,
there is necessity for trusted routing (TR), which is the process of planning the
path that data follows when traversing across multiple networks from its source
to its destination without possibility of the node(s) within any of the networks
tampering with the data in any form [2]. However, method of TR consists of
many stages among which is network topologies determination. Network
topologies can be determined using routing tables (RT) obtained from different
routing devices (RD) over a network in conjunction with results from various
network-tracing algorithms (NTA) which are also systematic approach to obtain
other information about routers within a network (e.g. route, georeferencing as
well as other information of interest that is contained therein). Furthermore, the
results of the tracing can be used for running additional discoveries and/or
decision-making that are required in the processes of finding trusted route.
Among many NTA and RT access methods that can be used jointly or
independently in determining network topologies are NTA with the help of
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standard tools, NTA with the help of IP-packet option, RT access algorithm
using SNMP, RT access algorithm using BGP and NTA by analyzing RT. Each
of these NTA or RT access methods is implemented to get enough information
into the database for analytical network mapping approach for determining
topology of a network. It is assumed that TRM (trusted routing manager, a
software program for trusted routing management and traffic flow control) is
installed on the management automated workstation, and that TRA (trusted
routing agent that is normally embedded into RD in the interests of TR) is
present (i.e. already embedded) in some of the RD of the network which
topology is to be determined.

1. Network-tracing algorithms
1.1. NTA with the help of standard tools

There exists many standard utilities for tracing path to the source of data in
a network, e.g. PING, traceroute, tracert etc. Among them traceroute is to some
extent the most popular mechanism for computing the topology of a network in
the Internet [3]. The technique is using ICMP messages to determine the route.
Traceroute, like other standard tools, uses two techniques: small values of TTL
and invalid port number (33434) to trace packet route to the destination. Though
the TTL field of IPv4 has been renamed to Hop Limit in IPv6, the message
format, basically, is the same for ICMPv4 and ICMPv6. Regardless of the name,
the field still has the same basic purpose of keeping a datagram from wandering
the Internet forever. Diagram of the algorithm is shown in Figure 1.
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Figure 1. Diagram of the Information Flow of NTA using
a Standard Tracing Tool

NTA with the help of standard tools is implemented as follows:

1) TRM sends to RDt a special packet when the standard tool like, for
instance traceroute on UNIX, runs with the IP-address of the recipient and option
«record route> (router RDt d in this case, as seen in Figure 1). RDt then starts
sending packets with a small lifespan. The counter value starts at 1 and increases
by 1 for each group of three UDP packets. The first router, RD3, that receives
the packet, decrements the TTL value to zero and returns ICMP-message (Time
Exceeded> to RDt.

2) Having received a packet, each transit router decreases TTL value by 1.
Whenever TTL=0, packet is not sent further and RDt receives ICMP message
<Time Exceeded> from the transit router. From this ICMP message, <Time
Exceeded», TRA discovers the IP address of the router.

3) This cycle is repeated until the receiving host (router RDt d) receives a
packet from RDt, to which it returns an ICMP-message <Unreachable Port»,
indicating that the packet reached the destination, thus, end of the trace.

4) Having obtained information about the [P-addresses of all the routers
located between the source and the specified destination, a list of intermediate
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routers is built, starting from a distance of one transition and ending this with the
destination host. Response packet containing the route (for example, route
RDt=RD3=RD5=RD9 =RDt d as seen in Figure 1) is generated and sent to
TRM by RDt.

5) TRM records the information into the database of active routes (DBr)
for further analysis and preparation of the active route.

1.2. NTA with the help of IP-packet option

[P-packet NTA is for finding the source of a packet by probabilistically
marking packets with partial path information as they are forwarded by routers
[4]. In Ipv4, this i1s based on parameter 7 «record route» field option. The «record
route» option, when included in the IP packet option, provides a means to record
the route, and this gives, along with the packet, the recipient a list of all transit
routers, traversed by the packet. As such, the algorithm is suitable for obtaining
the list of [P-addresses of all the transit routers between two RDt (RD with TRA
embedded i.e. as implant), for example, between RDt and RDt d (RDt d is the
recipient) as shown in Figure 2, the diagram of realization of the algorithm.
Obvious that IPv4 options perform a very important role in the IP protocol
operation, therefore the capability is preserved in IPv6. However, the
functionality of options is removed from the main header and implemented
through a set of additional headers called extension headers (EH) [5]. All
recorded data is written into the Data Space that is preallocated in the ipv6
record route (RR6) option header. Packets, in which the RR6 option is set,
because the Data Space exists in it, carry the recorded data.

57



Automated

Workstation / Indicates the Path that tracing packet traversed
TRM DBr

S
request packet response packet RD7
with IP option (route included) —
record route>

Figure 2. Diagram of Realization of NTA using IP-packet option

This NTA using IP-packet option is implemented as follows:

1) After should-be controlled part of the network is defined, trusted routing
manager (TRM) sends to RDt special packet (in which IP-packet option «record
routey is enabled) requesting to record route from itself to a specified destination
IP address, e.g. a particular RDt_d.

2) RDt, having received the <request> packet, sends it to RDt d. Each
router through which the packet traverses records its IP-address into the packet
and sends the packet further to the next router, until the packet reaches the
destination router RDt d.

3) RDt d preprocesses the trace result i.e. records of the resulting route
(for example, route RDt=RD3=RD5=RD4=RD6—=RD7=RDt d as seen in
Figure 2), generates and sends a special response packet containing the result via
a special communication channel to RDt.

4) On getting this response that contains IP addresses of all transit routers
and that of RDt d from RDt d, RDt sends it to TRM where it is recorded into
the DBr for further analysis and processing.

5) Stages 2 through 4 are repeated as many times as active routes are
needed.
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1.3. RT Access Algorithm using SNMP Protocol

Though manufacturers can independently choose protocols that are used to
configure network devices, however for inter-operability among devices, SNMP
agent is usually embedded in the network devices. These SNMP agents are
sometimes addressed using MIB-II as information available from them is
available in a standardized form. Route is an object of MIB and SNMP can be
configured over IPv6 transport so that an IPv6 host can perform SNMP queries
and receive information about RT from router running IPv6 software since
SNMP agent and related MIBs have been enhanced to support IPv6
addressing [6].

This RT access algorithm using SNMP protocol is for obtaining
information contained in the RT of router and it is implemented algorithmically
as follows:

1) TRM sends to RDt packet <Enable SNMP>. Having received the packet,
RDt generates request packet according to the standard procedure of SNMP
protocol, (1.3.6.1.2.1.4.21 - 1ipRouteTable and 1.3.6.1.2.1.4.21.1 -
ipRouteEntry) where iso(1), identified-organization(3), dod(6), internet(1),
mgmt(2), mib-2(1), ip(4), ipRouteTable(21) and ipRouteEntry(1).

2) RDt then connects with router via SNMP and starts recording
information about RT from the router. On starting, RDt connects with the router
and receives response from the router with information about the destination,
<ipRouteDesty, and then sends <get-next> request to the router to get the next
parameter: interface index <ipRoutelfIndex>. By sequentially sending request
<get-next> and receiving response from the router, RDt receives detailed
information of all the records (for example, IP-address destination, destination
interface, next-hop, protocol code, route mask etc) that are located in the RT of
the router.

3) RDt then generates a response message containing information about
RT of the router, and sends it to TRM.

4) This cycle is repeated for other routers.

5) In TRM, received messages containing information about RT are
recorded into the DBr for further analysis and for preparation of the active route
of a particular packet. Diagram of the method is shown in Figure 3.
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Figure 3. Diagram of RT Access Algorithm using SNMP protocol

1.4. RT Access Algorithm using BGP

BGP protocol is usually used between gateway routers on the Internet for
exchanging information like a list of known routers, available routes etc. RT
Access Algorithm using BGP is designed to obtain information contained in the
RT of routers by implementing access to them via BGP. The RT Access
Algorithm using BGP is implemented as follows:

1) TRM sends packet <Enable BGP> to RDt requesting it to open BGP-
session.

2) After RDt opens BGP-session with router successfully (for example,
with any of eBGP routers shown in Figure 3), RT information exchange with
RDt begins with the help of packet <update>. On the RDt, the control fields are
filled: IP — address of the router; Version — BGP version; AS — autonomous
system; hold time — 180.

3) RDt effects primary assessment and analysis of RT information
contained in the packets «update» and generates a special response packet that
contains information obtained (information like Host BGP IP, Unfeasible
Routes, Length NextHop, Next Hop, Length ASPPath, ASPPath, Networks etc.),
and sends it to TRM.

4) BGP-session with router is maintained until signal to close the BGP-
session comes from TRM

5) Information from RDt about RT of all the routers is sent to TRM for
further processing and realization of analytical method for detection of route.
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BGP-sessions with several routers can be opened simultaneously thereby
start getting their RT information as well. Diagram of the algorithm is shown in

Figure 4.
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Figure 4. RT Access Algorithm using BGP

1.5. NTA by Analyzing RT

NTA by Analyzing RT is designed to trace information flow analyzing RT
obtained through the implementation of RT access methods using different
protocols. Thus, this algorithmic method is designed for the analytical
determination of active routes of information flows (list of active IP-addresses of
transit routers) by analyzing information contained therein RT.

NTA by Analyzing RT is implemented as follows:

1) A sequential access to RD using a given protocol in order to obtain
information about the RT is performed, and information about RT obtained
through a variety of access methods to RT re-presented in a unique formalized
view and then recorded into DBr;

2) Analysis of RT in order to obtain route of a specific packet is
implemented by selecting initial [P-address (fixing starting point for the route),
and then identify a row in the formalized RT using the selected initial IP-address;
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3) Analyzing RT, precisely by the starting point of the route, IP-address
(Next hop) of other transit routers is determined,

4) Search for active IP-addresses of intermediate routers is performed
iteratively; and this gives route of a particular packet, which is then recorded into
the DBr.

Flowchart of this analytical tracing algorithm method is shown in Figure 5.
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Receive RT using Receive RT using
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Formalize RT view

A

Select initial IP address

v

Obtain route using selected IP
address as start point

Display route A
obtained using initial Record result
IP addres obtained to DBr

A 4

( End )

Figure 5. Flowchart of Analytical NTA using RT

1.6. Network Topology Mapping

Though all these NTAs and RT access algorithms discover links between
interfaces on Internet routers, however, some of these IP addresses belong to the
same router. Thus, topology mapping, for example, Internet topology mapping,
requires IP aliases resolution. IP aliases resolution is the process of recognizing
interfaces that belong to the same router and it helps revealing true topology [7—
9]. Many techniques of aliases resolution are discussed in [7] that can produce
the most accurate and complete IP-to-router mapping. According to [7], some of
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the techniques e.g. common source address, graph analysis, TTL constraints and
missing middle produces a better set of results when combined. Also
combination of standard utility like traceroute and IP option «<record route»
probes improves the accuracy of the determined network topology. To have a
true view of the network topology, the existing IP aliases among the results that
are stored in DBr are resolved.

2. Pros and Cons of the NTAs
2.1. Pros and Cons of NTA with the help of Standard Tools

Realization of NTA with the help of standard tools is fast. Its usage is
simple and it allows determining constituting elements of the network that is
being traced, as well as determining its topology that results in having a map of
links with which the situation in the network can be successfully diagnosed.
Notwithstanding, the usage of this algorithm is possible only if «block incoming
ICMP-messages» is not enabled or the outgoing ICMP-messages <Time
Exceeded> is not being filtered.

2.2. Pros and Cons of NTA with the help of IP-option

NTA with the help of IP-option is designed to obtain information about the
IP-addresses of all the routers located between the source and the specified
destination, which allows getting the record of the active route of traffic flow.
Furthermore, there is possibility of implementing this algorithm using standard
methods and realization is also fast. Using this algorithm the received
information is reliable and can be transferred via a secure communication
channel. In addition, it allows TRA working on request as well working as
programmed by «<timer. Its drawbacks are that agreement between the source
and the receiver on enabling the option «record route> must exist, and that the
quantity of recorded IP-addresses is limited by the size of option field <data)
parameter in IPv4 unlike in IPv6 where Data Space (though can accommodate
far more compared to the case of IPv4) of the option header limits it.

2.3. RT Access Algorithm using BGP

RT Access Algorithm using BGP makes it possible to get full active RT of
connected router, detailed information of which allows its usage as input for the
implementation of analytical method for obtaining route of a particular packet
and network topology mapping. RT information of some connected routers can
simultaneously be gotten and transferred from RDt to TRM. However, all these
are possible provided BGP protocol is enabled on the router and BGP-session
with routers is supported.
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2.4. RT Access Algorithm using SNMP

Pros and cons of RT Access Algorithm using SNMP is very similar to that
of RT Access Algorithm using BGP. However, in addition to enabling of SNMP
on the participating routers, RT access algorithm using SNMP also faces
challenge of route information obsolescence. Furthermore, route information
accuracy in this algorithm is determined based on the authenticity of MIB
information.

2.5. NTA by Analyzing Routing Table

NTA by Analyzing RT is for analytical determination of active routes of
information flows and it gives complete, both active and backup, routes of a
specific packet. Its disadvantages is that complete information about all RT
exists not always and obsolescence of information in RT occurs. Furthermore,
effectiveness of the algorithm depends on effectiveness of RT access algorithm
that 1s being used.

Conclusion

Despite the disadvantages associated with these NTAs and RT access
methods described, they can be used in the process of getting trusted route since
in TR mechanism it is far more important to have valid trusted route(s) than to
have a complete map of the network e.g. map of Internet. Notwithstanding they
help in network topology mapping and they can be used as components of the
methodology or software development for effective determination of the paths of
traffic flows and georeferencing. Furthermore, they can be used to obtain other
information contained therein the RD, thus, aiding in the determination of trust
level of RD, one of the stages in the processes of TR. As such, they are vital in
the process of TR.
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Annotation

One of the stages in the process of application of trusted routing method at getting
information across global data network safely and securely is determination of the network
topology. This paper describes the selection and rationale of algorithm for network topology
determination in the interest of trusted routing.
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