ISSN 2518-7678 Hayxkoei 3anucku YH/TI3. — 2019. — No1(53)

VIIK 621.396

Kanan B.A.; Meaniko O.I1.; IlocBsiinennuii A . A.;
Mamenona M.B.; €Epemenxo S1.M.

OIIHKA ITPAIE3IATHOCTI KAHAJY 3B’A3KY

Zhadan V.A., Mednikov O.P., Posvyashchennyy A.A., Pashchelopa M.V., Yeremenko Y.M.
Estimation of capacity of communication channel.

The state of channel is suggested to characterize the values of the controlled descriptions, and the
change of capacity of channel is presented as a change of some objective function. It is suggested to use
the method of gradient prognostication for prognostication of the state of channel. Parameters that
characterize the state of discrete channel are analyzed. It is set that the devices of control must take into
account group character of errors in communication channels and, due to it, control efficiency will rise.
The methods of estimation of quality of discrete channels are considered. An algorithm that is suggested
to use in a network with commutation of packages during organization of access of streams restriction in
a network is described. Possibility of choice of optimal ways is considered on the basis of general and
partial criteria of optimization. The methods of measuring of loading and indexes quality of service are
analyzed. At measuring of loading it is expedient to use the continuous method of measuring and method
of scan-out. In networks with commutation of packages at measuring of different indexes quality of
service (numbers of reports, packages that expect service, to time of expectation beginning of service) it
is expedient to use the methods of the direct counting out number of reports.
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Mpane3aaTHOCTi KaHAJY 3B S3KY.

[TpoananizoBaHO mapameTpH, L0 XapaKTEePU3yTh CTaH JUCKPETHOIO KaHaily. Po3risiHyTo MeToau
OLIIHKH SIKOCT] TUCKPETHUX KaHaiiB. OMHCaHO aJITOPUTM, 110 NPONOHYETHCSI BAKOPUCTOBYBATH B MEPEKi
3 KOMYTAL€I0 MTAKETIB IIPH OpraHi3alii 0OMeXeHHs IOCTYIy HOTOKIB B Mepexy. PO3IIIIHYTO MOXKIIMBICTh
BUOOpY ONTHUMAaJbHUX IUIAXIB Ha OCHOBI 3arajlbHUX Ta YacTKOBHX KPHUTEPIiiB ONTUMI3aLil.
[TpoananizoBaHO METO/I BUMIPIOBAHHS HAaBAHTA)KEHHS Ta MOKA3HUKIB SIKOCTI 00CIYyrOByBaHHS.

Kurouosi ciioBa: xaHai, Mepexa, sIKiCTh, CHCTEMa TEXHIYHOT JIarHOCTHKH, AUCKPETHHMH, KOMYTaLlis
MaKeTiB, MPOIYCKHA CIPOMOXKHICTb, BYy30J KOMYTawii

Kanan B.A., Megnukos A.Il., [locesimennslii A.A., [lamenona M.B., €Epemenko SI.H. Ouenxa
Pa6oTocnoco0HOCTH KaHAJIa CBS3H.

[Mpoananu3upoBaHbl  MapaMeTpbl, XapaKTepPH3YIOIIHME  COCTOSHHME  JIUCKPETHOTO  KaHana.
PaccMOTpeHBI METOABI OLCHKH KadecTBa JUCKPETHbIX KaHamoB. OIHCAaH anropuT™M, KOTOPBIHA
IIPEAIAraeTCsl UCIOJIb30BaTh B CETU C KOMMYTalUEl NAKETOB IIPY OPraHMU3allM¥ OTPAHUYEHUS AOCTYIIa
IIOTOKOB B C€Th. PaccMOTpeHa BO3MOXKHOCTh BBIOOpPAa ONTHMANBHBIX IIyTe€ Ha OCHOBE OOIUX H
YaCTUYHBIX KPUTEPUCB OINTUMU3 AN, HpoaHaHI/ISI/IpOBaHH METOABI UBMEPCHUA HATPY3KU U MmoKa3aTejaeu
Ka4yecTBa 00CITy>KUBaHHUS.

KnaioueBble coBa: KaHay, ceTb, KAaueCTBO, CHCTEMAa TEXHHUYECKOH NHArHOCTHKH, IMCKPETHBIH,
KOMMYTAIMsl TIAKETOB, ITPOITYCKHAs CIOCOOHOCTb, y3€7 KOMMYTAalN

Beryn

IMocTanoBka 3agauvi. XapakTepUCTHUKU KaHATy NOJUIAIOTECS Ha MEPBUHHI 1 BTOPHHHI.
BinHocHO mapameTpiB 1Sl OIIHIOBAHHS CTaHy KaHaly BTOPHUHHI XapaKTEPUCTHUKU MaIOTh PSJI
nepeBar B MOPIBHAHHI 3 MEPBUHHUMU. J[Is1 HUX IOLIIBHO 3aCTOCOBYBAaTHM MaTeMaTHMYHH amapar,
BOHMU ILIBU/IIIIE BUMIPIOIOTHCS, iX MOYKHA MOJIEJIIOBATH.

[lepBUHHI X XapaKTEPUCTHUKH BU3HAYAIOTh AWHAMIuHI sBUIIa. Ha iX 10710 JOBOIUTHCS
HaWOILIBIINI BiJICOTOK BCIX MOMMJIOK, SIKI BUHHUKAIOTh B TOBIAOMJICHHI, IO TEpenaeTbes. AKino
NEPBUHHI XapaKTePUCTUKH, IO TPEACTaBIAIOTH IHTEpEC 3 TOYKM 30py CTaHy KaHaly, €
HECTAI[lOHapHUMH, TO B IIbOMY BHUIMAJKy 3aKOHM 3MIHM XapaKTEpHUCTUK BIJIMOBIIAIOTh NEBHUM
IPOMDKKAM 4Yacy, B MeXaX SKMX iX 3HAQUeHHS MO)KHA BBa)KaTH CTalllOHApHUMH ab0 IMOBIUIBHO
3MIHHUMH (KBa31CTAI[lOHAPHUMH).
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AHaJi3 JiTepaTypHux JKepena. Po6ora [1] npucssuena MeToay rpaJi€HTHOTO TPOrHO3yBaHHS
JUIs TIPOTHO3YBaHHsI CTaHy KaHaiy. [loka3aHo, mo (yHKIlisS Mpare3gaTHOCTI eKCTPAIOIIOETHCS B
IpajIiEeHTHOMY HAIpsIMKY.

B po6ori [2] nocuTh AeTaabHO PO3MIITHYTO KOHTPOJIb CTAaHy JUCKPETHUX KaHAJIB 3 PO3IOJIIIOM
MOMMUJIOK, OJIM3BKHUM JI0 He3aJIeKkHOTro. [IpoaHai3oBaHO MOXKIIMBICTh KOHTPOJIIO CTaHy JUCKPETHHX
KaHaJIiB Ha OCHOB1 OJJHOTO MapamMeTpa po3MoJily, a caMe 4acTOTH MoMMIOK. [IpeacraBieHo 1ocuthb
JeTaNbHY Ki1acu(iKallito BUJIB KOHTPOIIO.

B po6oti [3] po3ristHyTO mOHMTaHHS MOOYAOBH CHCTEM TEXHIYHOI MIarHOCTHKHA B MEpEKax
nepeaadi JaHux 3 KoMyTailliero makeTiB. [IpoaHanizoBaHo X 0COOIUBOCTI, IEPEBaru Ta HEJIOJIKH.

B poGoti [4] HaBemeHO MeTOaM MPSIMOrO BIJIIKY 4YHCIA TOBIIOMIICHB, SKi JIOLLIBHO
BUKOPHUCTOBYBaTH B MeEpeKaxX 3 KOMYTALI€I0 IAKETIB NpPU BHUMIipl PI3HUX MOKAa3HHKIB SKOCTI
00CITyroByBaHHS.

B pobGoti [5] mns 360py ciayx60Boi iH(MoOpMalii B Mepexi nepefaavi JaHUX MPONOHYETHCS
3aCTOCOBYBAaTHM HACTYIHI METOJU: CIY:KOOBHX TMOBIJOMJIEHb, CYIPOBOKYIOUOi 1H(OpMAIii,
30H/1yBaHHS. PO3IJISIHYTO 1X CYTHICTH Ta OCOOJIMBOCTI BUKOPHUCTAHHSI.

HeBupimeni nutanns. Ha ocHOBI aHAII3y JiTepaTypHUX JHKEPET MOKHA 3pOOUTH HACMYNHI
gucnogku. CuctemMa TEXHIYHOI MIarHOCTHKH TIOBMHHA CKJIAAATHCS 3 amapaTHUX 1 MPOTpaMHUX
3ac00iB, 1m0 3a0e3Me4yloTh OIIHKY 1H(QOPMATHUBHUX [TIarHOCTUYHUX O3HAK, MO SKHX
BCTAaHOBJIFOIOTHCSI YMOBH Ipaine3laTHOCTI cucteMm. [Ipu 1mboMy MarTh OYTH BCTaHOBIIEHI
JTIarHOCTHYHI MOJIEN, IO JIO3BOJISAIOTH HIIAXOM OOpOOKHM MiarHOCTHYHOI iH(opmallli BUOpaHUX
KOHTPOJIBHUX TOYOK 13 33JaHOI0 BipOTiJHICTIO, TTIMOWHOIO 1 YacoM JiarHOCTYBAaHHS PO3Ii3HATH
KJIACH TEXHIYHOTO CTaHy KOHTPOJIbOBAHUX CHUCTEM.

Mera Ta 3agaui gociaigkeHHss. MeTolo poOOTH € BU3HAUEHHS XapaKTEPUCTHK KaHaTy, SKi
BITUBAIOTH Ha 3MiHY HOr0 Mpare3JaTHOCTI, a TAaKOX MOPIBHSIHHS METOJIB BUMIPY HaBaHTa)KEHHS
Ta MOKa3HUKIB SIKOCT1 00CIYrOBYBaHHS MEPEXKI.

Jl1s nocArHeHHS METH PO3B’SI3YIOThCS TaKl HAYKOBI 3a/1a4i:

- aHaJi3 XapaKTEepUCTUK Ta MapaMeTpiB KaHaly, [0 JOLIIbHO BUKOPUCTOBYBATH IS
OLIIHIOBaHHS HOT0 CTaHy;

- TOCTIP)KEHHS METO/IiB, III0 BUKOPUCTOBYIOTHCS JIJISl OLIIHKH SIKOCTI JUCKPETHUX KaHAIIB;

- IOPiBHSIHHS METO/IIB BUMIPIOBAaHHS HABAaHTAXKEHHS Ta MOKA3HUKIB SKOCTI OOCIyTOBYBaHHS.

1. Bu3zHaueHHs YMOB Npane3JaTHOCTI KaHATY
Hexail cTan kaHaly XapakTepU3yeThCsl 3HAUEHHSIMH KOHTPOJIBOBAHUX XapaKTEPUCTHK X1, X2 ...,
Xn. 3MiHY ITpale3JaTHOCT] KaHaIy MOXHA PEJCTaBUTH SIK 3MIHY LJIbOBOI (PYHKIIIT, sIKA Ma€ BUTJIS

S=1(X1, X2 ..., Xp).

Jlis mporHO3yBaHHS CTaHy KaHaJly CKOPUCTAaEMOCS] METOJIOM Tpa/iieHTHOTO MPOrHO3yBaHHA [1].
B npomy Bunazaky ¢yHKIIisl Ipare3gaTHOCTI eKCTPAIIONIOETHCS B TPAlEHTHOMY HaNpsiMKY, TOOTO y
HampsiMi BEKTOpa rpajieHTa (YHKIII mpaie3laTHOCTI. TakuM YHHOM, BEKTOp T'pajiieHTa BU3HAYa€e
HaNpsIMOK HalOIbIIOT 3MIHU (YHKIIIT Mpane3qaTHOCTI.

XapakTepuCTUKU KaHATy 3MIHIOIOTH CBOi 3HAYEHHS B 4Yaci, SIKi MOKHA MPEACTABUTH y BUTIISIL

Xi = @i(t). Y momentn wacy ti, tp ..., tm, de 1< < ... < fp, 3HAYCHHS Mpale3IaTHOCTI S
3MIHIOBAaTUMEThCA 1 Ha0yBaTHUMe 3HAYEHb X1, X2, ..., Xn, TOOTO MaEMO MHOXHHY {S}, sika BU3Ha4ae
npoctip D
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Sj_:f(Xll, veny xln)

Sm:f(Xm]_, ceey an).

OCKUTbKH 3HAYEHHS NPANe3aTHOCTI S 3aJIeKUTh B apryMEHTIB X1, X2 ..., Xp, TO S MOXHa
po3MIsIIaTH  SIK  BEKTOp B OararoBuUMipHOMY mpocTopi. KiHenp O0araToBHUMiIpHOTO BEKTOpa
3HaXOJUTHCS B MPOCTOPI, OOMEKEHOMY Tinep-noBepXHer. [1o10keHHS TimeprioBepXHi B IPOCTOPI
BHU3HAYAETHCS MAKCUMAIBHUMH 3HAYEHHSMHU BUOpPAHUX XapaKTEPUCTHK, sIKi 3amaloThes B T3,
BUOUPAIOTHCS 32 EKCICPUMEHTAILHUMHU HaHUMH ab0 € pe3yJabTaToM JOCHiIKEHHS MOJCIII.
linmeprmoBepxHst po3Aiisie mpocTip Ha JBI o0macti: 007acTh AOMYCTUMHX JOCHIIKYBAHHX
XapaKTEPUCTUK KaHAIy, sIKa BIJIMOBIIAE CTIMKIM poOOTI KaHay, 1 HOro MPUAATHOCTI IS mepeaadi
JMCKPETHHUX IMOBIJIOMIICHbB; 1 00JIaCTh JIOMYCTUMHUX 3HAYEHb, KA MPEIICTABIISAE MPUIATHICTh KaHATY
13-3a HU3BKOT JIOCTOBIPHOCTI Mepeadi moBiAOMIICHHS.

2. KonTpoJib kaHaJIiB 3B’A3KY

[TapameTpu, 10 XapaKTepU3yIOTh CTaH AUCKPETHOTO KaHATy, MOXKYTh OYTH PO3JIICHI Ha MPsMi
i Henpsawmi. [IpsmMumu mapamerpaMu, IO BH3HAYAKOTh O€3MOCEPEIHBO SKICTh 1H(OpMAIi, M0
NPURMAETHCS, MOXKYTb OYTH:

— cepeaHs BIpOTiIHICTh MOMHUIIKOBOTO MPUHOMY JABIHKOBOTO eneMeHTy (0iTa);

— BIPOTIIHICTh CHOTBOPEHHS KOJOBOi KoMmOiHamii (0soky iH(opMmalii), mo XapaKTepusye
AKICTh IPUHOMY 3 BpaXyBaHHSIM I'PYITyBaHHS TOMUJIIOK.

Jlo HenpsAMUX HapamMeTpiB BIAHOCATHCA:

— 4acTOTa Mepe3arnuTiB, CIIOTBOPEHUX MOMUIIKAMH OJIOKIB iH(popMallii;

— cepeJlHs BIpOTiJHICTh MOMUJIKOBOIO MPUIIOMY CUMBOJIIB;

— BIJHOILIEHHS “‘CUTHAJI—1IyM”;

— TenerpadHi CIOTBOPEHHS;

— TapaMeTpH 3aBajl.

BigHomenHs “curnan/uym” A03BOJISE€ JOCUTh TOYHO XapaKTepPH3yBaTH YMOBH IpuHoMy, aje
BUMarae 3/iiiCHeHHs TOro abo 1HIIOro croco0y pO3AUICHHS 1 CUTHAIY, 1 3aBaj|, 1110 IPUBOJIUTH /10
3HAYHOT'O YCKJIaJHEHHS IPUCTPOIO KOHTPOJIIO.

KoHTponb cTaHy AMCKPETHHX KaHAIIB 3 PO3IOIILIOM TOMHIOK, OJMHM3BKHUM IO HE3aJIEXKHOTO,
3aCHOBAaHWH HAa KOHTPOJIi OJJHOTO TTapaMeTpa PO3MOo/iIy, a caMe YaCTOTH IMOMHJIOK. SIKIIIO KOHTPOITh
CTaHy HPOBOJUTHCA [0 YACTOTI IMOTOKY IOMMJIOK JABIMKOBUX €JEMEHTIB ab0 CIIOTBOPEHUX
KoMOiHaIiii koay (komoBUX OIOKiB), IO KOPEKTYye, BiANaJae HEOOXITHICTh AOAATKOBOI
HAJMIPHOCT1 JAJIl OpraHizaiii KOHTpPOJIIO 1 BKJIIOUYEHHS B amaparypy JIOJATKOBHX MPUCTPOIB
00poOku curHaiy i 3aBajau [2].

Crniz 3a3HaYUTH, 10 AITOPUTM (YHKITIOHYBAHHS 1 TEXHIYHI TTapaMeTpu MPUCTPOIO KOHTPOJIIO
ICTOTHO 3ajexaTh Bil cdepu 3acTOCYBaHHSA, YMOB pOOOTHM CHUCTEM 1 XapaKTepPUCTHUK
BUKOPUCTOBYBAaHUX KOJIB, 1110 KOPEKTYIOTh. [Ipu 1iboMy mpHcTpiit Mae OyTH €I€MEHTOM CUCTEMH 1
MOBUHEH PO3TJISIATUCS AK OAMH 3 MOro (yHKIIOHAJIBHHUX BY3MTIB (IIZCHCTEM) 3 BPaxyBaHHSIM
CMUTBHUX TEXHIYHUX BUMOT.

PeanbHi ITUCKpeTHI KaHAIM XapaKTEPU3YIOThCS CKJIAJHUM TPYHOBHM PO3MOIIIOM MOMHIIOK.
Tomy mpupogHO, MO CMOCOOM KOHTPOJIIO, 3aCHOBAaHI Ha aHami3l CTaTUCTHUKUA HE3aJeKHUX
BUTNIPOOYBaHb CTAlOTh HEAJCKBATHUMH IPH iX 3aCTOCYBaHHI Ha pealbHUX KaHanmax. Lle mukTye
HEOOX1HICTb CTBOPEHHS MPHUCTPOIB KOHTPOJIIO, IO JTO3BOJISIIOTH B Till 4K 1HIIIN Mipl BpaXxyBaTu
TPYNOBUI XapakTep MOMWIOK B KaHalax 3B'A3Ky 1, TAKUM YUHOM, MHiJABHIIUTH €(PEKTUBHICTh
KOHTPOITIO.
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Kanamm 3B'sI3Ky KOHTPOJIIOIOTHCS MO TaKMX MapaMeTpax, SK piBeHb MPUUOMY, TPUBATICTH 1
IHTEHCHUBHICTh KOPOTKOYaCHUX II€pepB 3B'SI3Ky, aMIUIITyJla 1 TPUBAIICTh IMIYJIbLCHUX 3aBajl,
CTaTUCTUYHI XapaKTEPUCTUKHU 3aBaJl, BEJIMYMHA 3CYBY YaCTOTH, BIIXMJICHHS aMIUTITYIHO-4aCTOTHUX
1 (ha309aCTOTHUX XapaKTEPUCTHUK, YACTOTH 1 BEJIMYMHU BUKHUIIB (a3u currany. OgHUM 3 HAWO1IbII
CKJIAJHHUX 3aBJaHb KOHTPOJIIO EJIEMEHTIB MEpEeXi € KOHTPOIb SKOCTI JUCKPETHHX KaHANTIB, IO
dopmyrots Mepexy [IJIC. OmHUM 3 OCHOBHUX METOJIB € OIliIHKA CTaHIB SIKOCTI KaHAIIB, SKi
KBaTIIKYIOThCS SK TMpane3gaTHUil 1 Hempane3gatHuil crtad. [Ipane3maTHuil TUCKPETHUM KaHa
3a3BMYali  Ma€ CTalllOHapHI 1 HECTAIllOHapHI CTaHW, a HeCTallloHApHI CTaHH MOXYTh
XapaKTEePU3yBaTUCS YEPTyBaHHSM CTalllOHAPHUX CTaHIB a00 MmapamMeTpiB B Yaci.

SIKICTh AMCKPETHUX KaHAJIB MOPSA 3 KOHCTPYKTUBHUMH JaHUMH HETIPSIMO OLIIHIOETHCS SIKICTIO
nepeaayi iHpopmarlii o KaHauax:

— METOJIOM OIliHKHY Yepe3 mapaMeTpH 3aBaj;

— METOJIOM OIIIHKHU Yepe3 mapaMeTpH CUTHAIIB;

— METOJOM OLIHKH Yepe3 BTOPUHHI CTAaTHCTUYHI XapaKTEPUCTHUKU CHUTHANIB (CHOTBOPEHb
€JIEMEHTIB, APOOJIeHb IMIYIIbCIB, TOMUIOK).

PesynpTat 1uX OIIIHOK BUKOPHCTOBYIOTBCS SIK JIJII BCTAaHOBJICHHS TEXHIYHOTO CTaHY
(miarHOCTYBaHHS, NMPOTHO3YBAHHS) KaHATY IMepeaadi JaHWX, TaK 1 JJIsS MiABUINCHHS BIPOTiIHOCTI
MOCTIIOBHOCTI CUTHAJIIB, 110 IPUHMAETHCSI.

3. Opranizauisi 00MeskeHHs 10CTYIIY B Mepexy

Y Mepexi 3 KOMYTAIl€l0 MakeTiB pi3ke 1 TMUOOKe MaaiHHS MPOMYCKHOI CHPOMOXKHOCTI
BHUKJIMKA€E JIABUHOMO/IIOHE TOMIMPECHHS SBUIIA OJIOKYBaHHS IO BCIiX BY3JIaX KOMYTaIllii, [0 B JIiYeH1
CeKYHIHM MOJXE IPHUBECTH 110 OJIOKYBaHHS BCIX €JIEMEHTIB Mepexi. ToMy cucTema ympaBiiHHS
IIOBMHHA 3a0€3MEeYUTH ONepaTUBHE 1 HajiiHE OOMEKEHHs JIOCTYIy MOTOKIB B MEPEXKY LUIIXOM
BUCTaBIIsAHHA moporiB {K} 1 poscmnku HeoOxinHOi ciayx00Boi iH(popMalii 10 BCiXx aOOHEHTIB
(iHTepdeiiciB).

3 1i€l0 METO MPOIOHYETHCS BUKOPUCTOBYBATH aITOPUTM, CYTh SIKOTO TOJISTA€E B YTBOPEHHI
3aMKHYTUX HEHAIIpaBJICHUX IUIAXIB, K1 IOKPUBAIOTh BC1 BEpUIMHU rpada, 1110 BigoOpakae MEpexy,
1 IPOXO/IATH Yepe3 IEHTPpabHy BepiuHy [3].

Cnyx0o0Be MOBIAOMIIEHHS, 110 Hece iH(opMalito mpo Bci noporu {K}, 3 meHTpy ynpaBiaiHHSI
Mepexero JJaBUHOI0 MEepeAaeThCcsl Ha BCl CyMIXKHI By3/1M KomyTanii. Ha koxkHOMY By3ii KomyTatiii
3amaM'sITOBYEThCS TUIKa, 3 SIKOI MPUHIIIO MEpIIUM ClIyk00Be MOBIIOMJICHHS. 3 TMOBIJOMIIEHHS
MPOYUTYETHCSI TMpPHU3HAUYEHA JUIs JaHoro By3na 1HGopMmauis npo noporu {K}, miciga uoro
MIPOBOJIUTHCS 3MiHA CTapUX MOpPOriB Ha HOB1 {K}. ¥V came >k MOBIJOMIIEHHS 3aHOCUTHCS KBUTAHITIS
po JoBeneHy komaHay (mopir). JlogatkoBe ciiy>kOOBe MOBIIOMJIEHHS MpPSIMY€ y BCl CYMDKHI 3
JAHUM BY3JIOM BY3JIM KOMYTallii.

Ha xo’xHOMY BYy3:11 3amaM'sTOBYIOTHCS TUIKH, 10 SKMX HaIIHAIIIN CIy»XKOO0B1 MOBIIOMIIEHHS 3a
gacoM apyrumu, TpeTimMu 1 T.4. Lli moBimomieHHs 0e3 3MiH MOBEPTAIOTHCS Ha3al MO MUIAXY
npuOyTTS mepumoro 3a 4YacoMm moBiaoMieHHsS. [Ipu moBepHEHHI ciayOOBOro IMOBITOMIIEHHS 3
KBUTAHLISIMM B LIEHTP YHOPaBIiHHSA y BHUIAJKy BUXOJY 3 Jaay OAHI€I 3 TiJIOK, IO BXOJIUTH B
HAKOPOTIIMK TUISX IMOBEPHEHHS, MOBIIOMIICHHS MPSIMYIOTh 1O MUISXY TEPEeXoay Ipyroro 3a
4acoM CIyXOOBOTrO IMOBIIOMIIEHHS, a B pa3l BiAIMOBH 1 IIbOTO HIISAXY — MO IUISIXY TPETHOTO 1 T.A.
Tum camum 3abe3meuyeThbest SIK BUCOKA HAMIMHICTh 1 OMEPATHBHICTH JOBENIEHHS CITYKOOBUX
MOB1IOMJIEHb, TaK 1 BUCOKA HAIMHICTD 1 ONEPaTUBHICTh 300py KBUTAHIIIHM MpO BUCTaBJIEHI MOPOTH,
10 BUKJIIOYAE MIOBTOPHY Mepeaavy CayKO0BOro NOBIIOMIIEHHS 3 LIGHTPY YIPABIIHHS MEpPEXKero.

Criy 3a3HaYUTH, IO HABITH TPU JOCUTH ONEPATHBHHUX AJITOPUTMAaX OOMEKECHHS HaBAaHTAXKCHHS
OJIOKYBaHHSI TIOBHICTIO HE YHEMOKJIUBIIOIOTHCSA, 1[0 BUMArae J0JIaTKOBUX 3aX0JliB IO OOpOThO1 3
O6nmoxyBaHHAMH. Taki 3axoau 3a0e3Meuyl0ThCsl arTOPUTMAMH YIIPABIIiHHS BHYTPIIIHIMU ITOTOKAaMH,
TOOTO THMH MTOTOKAMH, SIKi B3KE JIOMYIIEHI B MEPEXKY.
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4. Kpurepii BHOOpPY ONTUMATBHHUX HLISIXiB

IcHyroTh 3aranbHi 1 4acTKoBi Kputepii omrtumizamii. [Ipu cratucTuyHid MapmpyTu3aiii, sk
MPaBUJI0, BUKOPUCTOBYIOTHCS 3arajibHi KpUTEPIi 1 IPOBOIUTHCS CUCTEMHA ONTHUMI3AIlis, TOMI1 SK IIPH
aJlanTHBHIM MapumpyTu3anii HaidacTilie mpuiMaroThbcs YacTKOBI KpHUTepil 1 BigOyBaeThcst BHOIp
ONTUMAJIFHOTO HUIAXY 3 TOYKH 30pYy KopucTyBada. [IpupogHo, mpu3HaueHa Ui KOpHCTyBaua
OIITUMI3AIlisl HE TAPaHTy€e CUCTEMHOI ONTUMI3AIlil, MPOTE B IEAKUX BUMAIKaX BOHU MOXXYTb JIaBaTH
MPAKTUYHO OJTHAKOBI Pe3yJIbTATH.

3a piAKUM BUKIIFOUEHHSM aJITOPUTMH MapUIpyTH3aIlii, 110 BUKOPUCTOBYIOTh YaCTKOBI KPUTEPIi,
3aCHOBaHI Ha alropuTMax BHOOpPY HUIAXY B Tpadi, TOOTO 3MiHCHIOETHCS BUOIp MiHIMAJIBHOTO TIO
“Bas3l” nwiaxy. 3a “Bary” nuiaxy (KpuTepiil, 10 ONTHUMI3yeThCs) MPUIMAETHCS NEBHUNA MapameTp
Mepexi, IKUi HeoOX1THO MIHIMI3yBaTH 10 3aJaHOMy anroputmy. [lapamerpamMu MOXYTb CILY)KUTH
JOBXXHMHA JIiHI1, YACIIO TPAH3UTHUX IUISHOK B IUIAXY, CyMapHa 3aTpUMKa IpU Mepeadi o JaHOMY
NUISIXY 1 T.1I.

Hanpuknan, y BigoMoMy MeTO/1 penbediB B IKOCTI KPUTEPIIO ONTUMAIBHOCTI OEpeTbes Yncio
TPaH3UTHUX LIEHTPIB KoMyTauii B nuiaxy. LLnsax, ge unciao TpaH3UTHUX LEHTPIB KOMYTallii aKeTiB
(LIKIT) wnaiimenmie, BHOWpAaeThCS 3a ONTHMANbHUN. ['OJIOBHWI HENONIK OO METOAY —
HEYYTIHUBICTH /IO 3aTPUMOK B Ueprax.

[lpu ¢QopmyBanHI BarM NUUIAXY BUpINIaJbHE 3HAYEHHS Ma€ JOCTYIIHA B JAHUA MOMEHT
quHaMivyHa 1HGoOpMaIlis Tpo CTaH Mepexi. SKIo € MOXKIMBICTD OOYHMCIUTH a00 BUMIPSATH
3aBaHTAXXEHHS JIiHIM, 10 BXOJIATHh B MapiIpyT, TO MOXXIIUBE 3aCTOCYBaHHS IEKIJIbKOX CTpaTeriit
BUOOpy uuiAxy. Hampukiazn, sKImo MapmpyT BUOMPAETbCS IO MaKCHUMAaJbHIA 3aJMIIKOBIN
MPOMYCKHIA CHPOMOXHOCTI, TO TPONOHYETHCS BUKOPHUCTOBYBAaTH HACTYITHE NPaBUIO BHOOPY

MapuIpyTy
max, {min(c;(1 — p;))},

7€ Y — CyMapHE BHXIJIHE HAaBAHTAXEHHS; Ci — NPOIYCKHA CIPOMOXHICTh JIHIT 3B'A3KY; pi —
BIPOT1JIHICTh BUKOPUCTAHHS JIIHII.

BaxxnuBuM MoKa3HUKOM, 110 XapaKTepusye ePeKTUBHICTh METOIY MapIIPyTH3aIlii, € CepeaHIN
gac JOBeleHHs chayxkOoBoi iHdopmarmii i1 ii o0'em. Ilim cepenHiMm wacom 7, pPO3yMITUMEMO
CTaTUCTMYHO YyCEpeHEHe 3HAueHHs IHTEepBaJly Yacy MiXX MOMEHTAaMH BUHHKHEHHS CIy>X00BOro
MOBIJOMJIEHHSI 1 MOMEHTOM 3MiHU MapuipyTHoi Tabmuui (MT) y Bcix BK mepexi, 110 BUKIMKaHe
UM CITYy>KOOBUM TTOBIIOMJICHHSIM.

HasBHicTh cimy060BOi 1H(OpMalii BUKIMKAE TOTIPIIEHHS SKOCTI OOCIYrOBYBaHHS 3allMTiB
KOpUCTYBadiB, TOMY MpH ToMy a0o0 IHIIOMY METOJi aJanTHBHOI MapIIpyTH3alil IOLIJIBEHO
OLIIHIOBATH 00'eM cy>k00BO1 1H(POpPMAILIiT 1O CTYNEHIO NOTIPIIEHHS SKOCTI 00CIyTrOBYBaHHS.

Jns ouinku edexruBHOCTI 11 Mepex 3 KII MoxyTh BUKOpHCTOBYBaTHCS 1 iHII miaxonu. B
bOMY BHUNAJKYy SK Mipa OLIHKM €(EeKTHMBHOCTI MOXYTb BHUCTYIATH MPOJYKTHUBHICTh, 00'eM
nepeaBaHuX MOBITOMIICHB, HAKJIAMH1 BUTpaTh 1 T.1. [IpoTe BHACTIIOK CKIATHOCTI aHATITUYHOTO
BUPIIICHHS OUTBLIICTh OILIIHOK 1 MOPIBHSHb aJalTUBHOI MapHIpyTHU3allil B JaHUH Yac TpaJHIiiHO
0a3yroThCs Ha IMiTaIliiHOMY MOJICTFOBaHHI 1 pe3yibTaTax BUMipiB [3 - 5].

BucHoBku

3aneXHO Bi METH BUOMPAIOTHCS METOAM BHUMIPY, BUMIPIOBaJIbHI MpUJIaad 1 BHUMIPIOBaHI
MOKa3HUKH (00'eM 1 IEPIOAUYHICTH BUMIPY, Yac IX MPOBENEHHS 1 T. [I.), TOOTO 10 CUCTEMU BUMIPIB B
[IJIOMY TIPEJIBISIOTHCS Pi3HI BUMOTH. LI BUMOTM TakoX 3aJekaTh BiJ METOMYy KOMYyTarlii, 1o
BUKOPUCTOBYETHCS Ha Mepexi. KpiM Toro, cucrtema BUMIpiB MOBUHHA JO3BOJSATH BECTH KOHTPOIb
32 TaKUMU YMHHUKAaMH, SIKI B CYKYIHOCTI MOXYTh 3HA4HO 30UIBLIMTH HABAaHTAXXCHHS, 3MIHUTH
XapakTep Horo HaIXOKEHHS 1 3HAYHO MOHU3UTHU SKICTh OOCITyrOBYBaHHS.
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[Tpu BuUMIpi HaBaHTAKEHHS JIOIIJILHO BUKOPUCTOBYBATH O€3MEPEPBHUN METO] BUMIPY 1 METOT
CKaHYBaHHS.

VY mepexax 3 KII npu BuMipi pi3HUX MMOKa3HUKIB SKOCTI 0OCIIyrOBYBaHHS (YHCIIa TTOBIIOMIICHbD,
MAKeTiB, IO OYIKYIOTh OOCIIyrOBYBaHHS, 4acy OYIKYBaHHS IOYaTKy OOCIYroByBaHHS 1 T. II.)
JOLTBHO BUKOPHCTOBYBATH METOIH MPSMOTO BIJTIKY YHCIIA MOBIOMIICHb.
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