YK 37.004.85

IIporpaMHuii KOMILIEKC «ABTO0EK3aMEHATOP «OXOpPOHAa mpamni». 3agaui, siki BuUpilIye
KOMILIeKC B HaByajabHOMY npoueci / O. B. Iosenko, T. M. Kot, B. B. Manumes, O. B. Komykos,
B. M. Hepaiii, // Bicauk HTY «XIII». Cepist: HoBi pimeHHs B cydacHHX TexHojorisx. — X: HTY
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B pabote nmpoaHanu3upoBaHbl COBPEMEHHbBIE CUCTEMbl COBPEMEHHOT0 00y4arolero mpoiecca —
TpaJuLIMOHHAs,, MOJYJIbHAsA, KPEAUTHO-MOAYIbHAas. [lepeunciensl 3aaun, KOTOpbIE JOJKHA pellaTh
aBTOMATHU3HPOBAHHBINA MIPOrPaMMHBIN KOMITIIEKC «ABTOAK3aMeHaTop «OxpaHa Tpyia» sl yBeTUYCHUS
e€ apdexTuBHOCTH.

KutoueBble cjioBa: 00yyaromnuii npoiecc, TpaAuIIMOHHAs, MOAY/IbHAsI, KPEIUTHO-MOAYJIbHAS
CUCTEMBI, «ABTO3K3aMeHaTop «OXxpaHa Tpyaay .

In this paper the current systems of the learning process — traditional, modular, credit-module, —
are analyzed. The tasks that automated training complex «Autoexaminer «Labour protection» has to
solve to improve their effectiveness are shown.

Key words: learning process, traditional, modular, credit-module process, «Autoexaminer
«Labour protectiony.
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AHAJIN3 BEPOATHOCTHbBIX XAPAKTEPUCTUK IIPU
KOMBUHHUPOBAHHOM MHOI'OCTAHIIMOHHOM JOCTYIIE

PaccmarpuBaeTcsi BEpOSTHOCTHAsE MOJENb TIOKAa3aTelsi IOJIE3HOTO WCIOIb30BaHUS KaHalla, MpH
KOMOMHHPOBAaHHOM MHOTOCTAHLIMOHHOM JOCTYIIE, OLIEHKa KOTOPOTO J1aeT BO3MOXKHOCTb IMPOU3BECTU
aHann3 3QPEeKTUBHOCTH METO/1a JIOCTYIIA IIPH YBEIMICHUU a0OHEHTCKON HAarpy3Ku

KiloueBble cjioBa: METOJ JOCTYIA, JBOMHOM SKCIOHEHIMANBHBIM OTKAaT, Ko3(hdUIUEHT
HMCIOJIB30BaHMA KaHaja, TAMCIIOT

[IpomyckHast  cmocoOHOCTh, A(PPEKTUBHOCTH  UCHOJIB30BAHHSI  KaHalla, KadecTBO
oOcmyxuBanusi QOS BO MHOTOM 3aBHCHUT OT BHIOOpA METO/Ia MHOTOCTAHIIMOHHOTO JOCTyTa
(MJ). 3a nocnennue roasl M/ kak nmpaBuiio pa3BUBAETCS B HANPABIECHUU MOJECPHU3ALMU
MmeTo0B ¢ koHTposieM Hecymieir (CSMA Carrier Sense Multiple Access), 6epymux cBoe
Havayio ot meroga ALOHA. B cBoeit mpocretimieit hopme qaHHBINM METOJ OCHOBAH Ha TOM,
YTO a0OHEHTCKUE CTAHIIUU WJIM CEHCOPHBIE Y3JIbl CKAHUPYIOT B BBIAEIEHHOM MOJIOCE YaCTOT
Y BO BpEMEHHOM OKHE pa3MepoM T HAaYMHAIOT MepeIaBaTh CBOI MHPOPMAIIUIO, €CITH TOUKa
nocrtymna, 6azosas cranmus (bC) unm y3en cobopa ceHCOpHOI HHPOPMAILIUK HAXOIUTCS B
pexxume OXKUIaHus. B mMpOTMBHOM Cilydae MOMBITKA MEpEAaYu MOBTOPSIETCA. TakoW METOX
MJI npocT 1 Haie’)KEeH B peanu3aluu, He TpeOyeT TaKTOBOW CHMHXpOHU3aluu. Bmecte ¢ Tem,
ALOHA o6nagaer psjaoM HEIOCTAaTKOB: peaibHas MPOIMYCKHAs CIOCOOHOCTh CHCTEMBI
najacT MPOMOPIUOHATHHO KOJMYECTBY M AKTMBHOCTU DJIEMEHTOB JIOCTYTMa, CHUKACTCS
KO3 (UIIMEHT UCTIONIb30BaHMUs KaHaa.

bonee mepcnekTHBHBIM OKa3bIBaeTCs KOMOMHUpOBaHHBIM MeToq M/ [1], ocHOBaHHBIN Ha
oobequaennn CSMA TDMA (Time Division Multiple Access) — meron moctyma ¢
pazziereHueM MHPOPMALMOHHBIX TTOTOKOB MO BpeMeHU. beCKOH(IMKTHOCTh nepenayu npu
MJI TDMA nocturaercs 3a cUeT JKeCTKOM TaKTOBOM CHHXPOHU3ALUU CETU U COOIIOCHHUS
MOCJIE0BATEILHOCTH TE€pPEeIau MaKeTOB OT Kaxa0ro u3 o0bekToB. Ha mpakTtuke, koraa He

BCE AOOHEHTHI OKa3bIBAIOTCS AKTUBHBIMU, COOTBETCTBEHHO CHIKAETCA
MPOM3BOJUTEIIBHOCTh CUCTEMBI. Takoil Mmeto M/ HOCHT elle Ha3BaHUE MOJITUHTA.
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PaccmoTpum Gosiee moapoOHO GyHKIIMOHMPOBaHHUE KOMOMHHPOBaHHOTO MeToaa MJI.
Cnenyer OTMETUTh, 4YTO OJWH U3 Takux MeTogoB MJl — wmerox JBOMHOrO
skcnioHeHnmanpHoro orkara (BEB — Binary Exponential Backoff) nosyuun nomynspaocTs
y crnenuanuctoB. OcHOBHas ocobeHHocTh Meroga BEB B Tom, uto mpu odepemHoit
KOH(DJIMKTHOW CHUTyalud i i-aOOHEHTCKOW CTaHIMU (CEHCOPHOIO y37a) IMOBTOPHBIN
JOCTYT pa3peliaeTcs: Yepe3 SKCIOHEHIIMaIbHbIA BpeMeHHON nHTepBal (oTkat). M3BecTHa u
MHasl peanu3alys 0TKaTa, KOra BIOOP YCIIEIIHOTO CJIOTa OCYIIECTBIISCTCS MO CyYailHOMY
3akoHy. [Ipu 3TOM ciOT BBIOMpaAETCs Ha OCHOBE CIIy4allHOTO pacIpeielieHus P, Mpu

KOTOpOM BI)I60py IEPBBIX CJIIOTOB i=1,2..Ha3HA4YacTCA HU3KaAA BCPOATHOCTb, a I
IMOCJICAYIOIHNX i=..n-1n BEPOATHOCTD MMPOMOPIHHUOHATIBHO BO3PAaCTACT:
1-d)yd"
Pi — ( )n d n , (l)
1-d

rrae d <1 BeIOMpaeTcsl UCXO0Isl U3 KonuecTBa ciioToB [2]. [IpoBenem ananus
KOMOMHUpOBaHHOTO MeToaa M/I.

BeposiTHOCTHAast MOeJIb KOMOMHUPOBaAaHHOTO M /I

[TokazareneM MoJIE3HOro UCIOJIb30BAHUS KAHAJIA MOXKET CIIY’KUTh OTHOLIEHUE

k=7y /7y, (2)
TAe r,- BpPEMsd, 3aTPAuMBAEMOE HA YCIENIHYIO Iepefady OJHOTO TaKeTa, r,- CpelHee
BpEMsi, KOTOPOE 3aTpayrBaeT CUCTEMa sl Iiepeiadu 0HOTo nakera. O4eBUIHO, UTO k <1.

O603Ha4YMM BEPOSITHOCTH, CBSI3aHHBIE C BPEMEHHBIMU XapaKTePUCTUKAMMU:
P - BEPOSITHOCTh BO3HUKHOBEHUS KOH(IUKTA;

F’y - BCPOATHOCTD YCIICHIHOI'O NCXO0OAa,
P, - BEPOSATHOCTD O’KUJIAHUS IIAKETA B OYEPEIH, B IEPHOJIBI PA3PELICHUS KOHDIIMKTA.
JlaHHbIE BEpOSTHOCTU 00Pa3yIOT MOJIHYIO TPYIITY COOBITUIA, TOITOMY

P=R +P +P,=1. 3)
Hecmotpss Ha TO, 94TO B cCHCTEME TEPHOMA T pa3lelieH Ha CIOTHI, T a0OHEHTCKOTO

y3na (AY) cpenHuil pa3Mep OKHa OKa3bIBAE€TCS MEHBIIEC M3-3a HAM4YUs OTKAToB. Pa3mep
OKHa W SIBJISIETCSI ClIydyaiiHOU BemuuHOU. CpeliHee ero 3HaueHHe:

Wo =W —1)/2.
OHpe,[[eJ'II/IM BepOHTHOCTB HUCITIOJIB30BaHUA KaHalia. yUII/ITBIBaSI (2) HUMEECM.
7y P
P(MW) = yy (4)

Ty P+ 70 - Py +7pPp .

Haiinem 3HaueHHsi BEPOSITHOCTH. BeposSTHOCTP TOro, 4TO j-H YCHEUIHBIM CIIOT
HaXOJIUTCS B PEKUME OXKUAAHUS, paBHA BEPOSITHOCTU TOTO, YTO HU OAWH U3 AY He BhIOpan
JaHHBIA TAMMCIIOT. YUYWMTHIBas TO, YTO B KOH(DIMKTE MOXKET y4acTBOBaTh m Y3JIOB,
BEPOSITHOCTh TOT0, YTO HEKUMW Yy3€] BHIOEPET NaHHBIN CIOT BO BPEMS t paBHA 1/Wgy, TAKUM
obpazom

P =(1-1/Wp)™ . (5)

Onucanue pyHkumu Moaeau KOMOMHMpPoOBaHHOro M/I

Kaxnpiii anmroputm M/l kak NpaBWIO B CBOIO OYEPEAb COCTOUT M3 JBYX JPYTHX
anroputMoB: AJIK — amroputm noctyna k kaHaimy U APK — amroputm pasperunenus
koH(pukTa. AJIK — permaMeHTHpyeT Mpoleaypy I0CTyna abOHEHTOB K cpejie Mepeaayu, B
To Bpems kak APK — 3amaeT npaBumo jyist pasaencHuss KOHQIMKTOB MEX/y MaKeTaMH MPU
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OJIHOBPEMEHHOM mepenave oT ABYyX uiu Oojee o0beKTOB. BpeMmst pasperieHus KOHPIHUKTA
Tp .

BriBenem crnepyromuye MpEeANOOXKEHUs, KOTOpble OOBIYHO BBIMOJIHSIOTCS HA
MpaKTUKE:

1. Ilycte coTOBasi WM CEHCOpHAas cHCTeMa HUMEET N -a0OHEHTCKUX Y3JI0B. Bpems
PAacIpOCTPaHEHUs] CHTHAJA t, MEXAY KaXIbIM M3 i-y3710B M 0a30BOM (LEHTPANbHOM)

CTaHHI/Ieﬁ tp =R/C 3HA4YUTCIIBHO MCHBIIC CPCAHCKBAAPATUICCKOTO 3Ha4YCHUA

HECTaOMJILHOCTH B CHCTEME TaKTOBOM CUHXpOHM3AIIUH, T€C R — PACCTOAHHUC MCKAY AV;H

BC, ¢ — ckopoctb pacnpoctpanenus ceeta. Bce AY u bC HaxoasTca B CHHXpOHU3ME.

2. Kaxnpiii AY umeeT nHGOPMAIIMOHHBIN MaKeT, TOTOBBIN IJIs Mepeayu U TbITaeTCs
nepeaats ero Ha BC kak MoxkHO ObicTpee B cooTBeTCTBUU ¢ MAC mpPOTOKOJIOM.

3. Ilepemaua makeTa OCYHIECTBISICTCS IIOCIE Ha4aJlbHOrOo oOTKara i-M AY, eciu
CBOOOJTHO COOTBETCTBYIOIIEe HHPOPMAIIMOHHOE MPOCTpaHCTBO. Ecnu kanan 3aHat, To AY
MPUOCTaHABIMBAET OTKAT U NpuHUMaeTr naketr oT bC. B koHue mpuema mpomoKaercs
MOMBITKA MEPE/Iauu CO CIy4yailHbIM 3HAYEHUEM OTKaTa.

4. B nporokoine MAC uMeercs JBa pa3IMYHbIX BUJIa OTKaTa — HadyaJbHBIM (mepen
MPUEMOM TIepefaun) M MEepPerpy30uHbId Jisd CiIydaeB, KOrja KaHajdl OMNpEAeSsIeTCS Kak
3aHSTBIM.

OJIHOBPEMEHHO C 3TUM, Ha TE€X K€ JIMHUAX OINPEICIUM BEPOSTHOCTh TOTO, YTO JAHHBIN
TaMCIIOT, KOTOPBIN OyJeT MCIOJIb30BaThCS IJIsl YCIEIIHON Mmepeaavn, paBeH BepOsITHOCTH
TOrO, 4To oAuH AY BbIOEpET HaHHBIA TalMCIOT, a BCE OCTaJbHBIE BHIOEPYT Ipyrue
TAaUMCJIOTHI:

Py = (L/Wp) - (1-1/W)™ T =(m/Wg )(1-1/Wp)"™ . (6)

m
3HadeHUs BEPOSTHOCTH CTOJIKHOBEHUS Haiaem u3 (2):
P =1-P, -P,.

[Toncrasisst (5) u (6) B (7) monmydaem:

P =1—(M/Wg)(A-1/Wo)™ L —(1-1/Wg)™ =1— (1-1/Wg)™(m/Wg +1/Wg -1) . (8)
B urore nckomasi BEpOsSTHOCTh BBIPAXKAETCS B BUJIE:
7y (M/Wo )(1-1/Wg)™ 9)
7n(L— (1-1/Wo )" H(M/Wo ) +1/Wo —1) + 7, (M /W )JA-1/Wo )™+ 7, (L-1/W)™ '

JI1st moy4yeHus: YMCIEHHBIX JaHHBIX MO KOA((UIIMEHTY MCTOIB30BaHMs (2) MOXKHO
MOJIy4UTh pactnpeeneHus (9) U HallTM COOTBETCTBYIOLIEE MATEMAaTUYECKOE OKHUJAHUE.
OpnHako, MOCKOJIBKY MBI B pacdeTax MCIOJIb30BAIM CPEIHUE 3HAUSHMUS, TO TIOJICTABUB MX
P(MWg) , TIOTYYUM OIICHKY K03 duiiueHTa k .
PacueTHpie 3HaueHMs, TMOJYUYEHHBIE TIO
dbopmyne (9) npencraBieHsl B BUae rpaduka _
Ha puc.l. [{ns onpeneneHHOCTH ObUIA B3SITHI . E—
CIIEIyIOLIME HUCXOJHbIE JaHHBIE:  OKHO
HavyasibHOE 32, OKHO meperpy3ku 16. Kak un
CJIeI0BaJIO OKUJIATh, 3HAYEHUS
KoapunueHTa k TMagaeT Cc yBEJIWYCHHEM

akTUBHBIX AY. HeOompIol 3aBajl B Havaje Puc.1 - I'paduk 3aBucumocty
rpaduka CBS3AHHLL OYEBHIHO c  BEPOATHOCTU HCIIONB30BaHHS TaiiMCIIOTa
b

JUISL YCTIEITHOM NIEpelavn OT KOJIMYECTBA
AY

P(m,w) =

i 4 g 14 & in

HECOBEPILIECHCTBOM MOJIEIIN.
[IpuBOOMM 3/€Ch TakKKe pPE3yJbTaThl
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cornoctaByieHus: nportokosa BEB ¢ metogom
MOJUTMHTA, TOJTyYeHHBIN B Halel padore [5].

Ha puc.2 npencraBieH  rpadux
3aBUCUMOCTH CPEIHEr0 BPEMEHU 3aICPKKU '
naKeTa OT IapaMerpa D=np/L, TA€ n— YHUCIIO -
akTuBHEIX AY B Texuomornu BEB, P-— ‘
BEPOSATHOCTH 3alIPOCa, L— YUCIIO MUHU-OKOH,
B KOTOPBIX MPUHUMAIOTCS 3alpochl OT AY Ha L 1 .

Nnepenauy e OueBHIHO N—  Puc. 2 - I'padux 3aBucuMOCTH CpeaHero
XapaKTepU3UpPyeT CPEHION Harpy3ky ~ BPEMEHH 3a/IEPHKKH NAKeTa OT Cpe/iHeH
CHCTEMBI. Harpy3sku

BoiBoaBI

1. [TonydyeHHOE 3HA4YEHHWE BEPOSITHOCTH IIOJIE3HOTO HWCHOJB30BAHUS KaHajla B

KoMIUIeKcHO# TexHosmoruu CSMA/TDMA, aHanu3 KOTOPOTO MOKa3ai, YTO C yBEIUYCHUEM
Yrclia aKTUBHBIX CEHCOPHBIX JTaTYMKOB, A0OHEHTCKUX CTAHIMM U Ap. MPOUCXOJUT IUIABHOE
CHIDKEHHE K03 (DHUITMEHTa UCITOIb30BaHUS.

2. CpaBuutensHasi 3¢dekTuBHOCTh TexHoJorun BEB, oTHocsmuiics k rpymnme
CSMA/TDMA mnokasan, 4To TaHHBIH METOJ CIyYaiiHOTO MHOXKECTBEHHOTO JIOCTyIIa HMEET
MPEUMYIIECTBO B O0JACTH OTHOCUTETHHO HM3KUX Harpy3ok. C yBeIWYEHUEM Harpy3Kd
CJIeIyeT MEePEXOIUTh K PEryIspHbIM METOAaM JIOCTYyMa (TIOJTUHTY).
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PosrmsimaeTscsi HWMOBiIpHICHA MOJENb MOKa3HMKAa KOPHCHOTO BHUKOPHCTAHHS KaHaly, TpU
KOMOIHOBaHOMY 0ararocTaHLiIMHOMY JOCTYMi, OI[IHKAa SKOro Ja€ MOJIHMBICTH IPOBECTH aHali3
e(eKTUBHOCTI METOY AOCTYITY MpHu 301TbIIeHHI a00HEHTCHKOTO HAaBAHTAKEHHS.

KurouoBi ciaoBa: wMeTom JOCTymy, TOJBIMHA EKCIIOHEHIIMHA BIJACTPOYKa, KO-(IIIEHT
BUKOPHUCTAHHS KaHAIy, TAMCIIOT

We consider the probabilistic model parameter of useful channel in the combined multiple access,

which allows assessment to analyze the effectiveness of the access method with increasing user traffic.
Keywords: access method, binary exponential backoff, coefficient of the channel, timeslot
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