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Beenenne

PasButue cdepsl yciayr, B TOM 4HCIE HH-
(OpMaLlMOHHOTO CEepBUCA, CONPOBOXKIAETCS II0-
CTOSIHHBIM BO3pacTaHheM TpeboBaHuid K 3ddek-
TUBHOCTH CHUCTEM XpaHeHusi 00paboTKu U mepena-
4y NaHHBIX [1], OAHUMH M3 OCHOBHBIX MYyTEH J10-
CTIDKEHHSI BBICOKOW TNPOU3BOIUTEIBHOCTH, OTKa-
30yCTOMUYMBOCTH M HAAGKHOCTH KOTOPBIX SIBIISIIOT-
csl KacTepu3alys U AWHAMUYECKOE pacipesesie-
HHeE 3a1pocoB [2 — 7].

Knacrep npencraBnsier coOoil BBIYMCIH-
TENBHYI0O CHUCTEMY, COCTOSILIYI0O M3 HECKOJIBKUX
CBSI3aHHBIX MEXIY cO00H KOMIBIOTEPOB, MCIIOJb-
3yeMBIX B pe3yibTaTe MUCIETYEpU3alUd KaK eau-
HBIH, YHU(PUIIUPOBaHHBIA KOMIIBIOTEPHBIH pecypc.

Obecnieuenne > ¢HeKTUBHOCTH HHPOpMA-
LUOHHOTO cepBHca TpeOyeT BBIOOpa palOHAIIb-
HBIX BAapHAaHTOB OPraHW3aLUU IUCIIETYCPU3ALUH
3aMpoCcoB B pacnpenesieHHbIX CHCTeMax, KOHCOIH-
IUPYIOMINX KJIACTEPHI XpaHEHHUsI U 00pabOTKU WH-
(dhopmarum.

I[MocranoBka 3a1aun

Paccmorpum pacnpenenéHHyr0 BBIYHCIIH-
TENBHYIO CUCTEMY, 00hEAMHSIIONIYIO N CEpBEPOB, M
M3 KOTOPBIX pean3yloT (YHKIUIO TUCTIETYepr3a-
MU, 3anpOChl, TPUXOAAIINE B CUCTEMY, MTOMAIal0T
B OIMH U3 CEPBEPOB-AMCIETUCPOB (BBIOpAHHBII
ciyyaitHeIM 00pa3oM), Tae ciydyaifHo mepepacmpe-
NENSIOTC  MEXKIY CEepBEPaMH-UCIIOTHUTEIISIMH,
BBITIOTHSIOIUMU 00paboTKy 3ampocoB. [Ipu sTom
KOKIBIA cepBep-mucreryep oOpabaThiBaeT OO
pacnpenensieMbIX UM 3alpPOCOB J CAMOCTOSTEIIBHO.

CraButcst 3ajiaya BBIOOpa BapUAHTOB Op-
TaHW3allMd  PacIpENeNICHUs IOTOKa 3alpoCcoB
MEXK]y CEpBEepaMH KIIacTepa, MPH KOTOPHIX JIOCTH-
raercsi MUHUMYM CPEIHEro BPEMCHH MpeObIBAHUS
3armpocoB T B CHCTEME.

OneHka BpeMeHH Npe0bIBAHUS

3aIIPOCOB B CHCTeMe

[Ipennonoxum, 4To MOTOK 3alpocoB, MO-
CTYNAIOUMM B KJacTep, SIBIAETCS MPOCTEUIINM, a
JUIMTENBHOCTH AMCIIETYEpHU3alNY, Tepenadn JaH-
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HBIX W OOCITy)KUBaHHS paclpeneyieHbl MO JKCIOo-
HEHLIMAIBHOMY 3aKkoHy. Mccrnemyemyto pacnperne-
JICHHYIO BBIYMCIUTEIBHYIO CHCTEMY MPEICTaBUM
CEThI0 MacCOBOTO OOCIYKHBaHHS, H300pa>kEHHON
Ha puc. 1.

Pucynoxk 1. Moneab MaccoBOro o0c1y;kKuBaHUs
KJjacTepa

3anpocsl, IOCTYMAOLIKE B TPYIIY cepBe-
poB-aucnerdepoB SO ¢ MHTEHCHBHOCTBIO A, C Be-
POSITHOCTBIO (J OOCITYKXHBAIOTCS B 3THX )K€ CepBe-
pax, a ¢ BeposTHOCTBIO (1-Q) mepepacmpenensioT-
cst uepes cerb kiacrepa (N) Ha 00paboOTKy B Tpyn-
my cepBepoB-ucnonautenei S1. Kaxnwiii cepep u
CeTb KilacTepa MPENCTaBUM OAHOKAHAJIBHBIMU CH-
creMaMu MaccoBoro obciyxusanus (CMO).

PaccmoTpuM BapuaHTBI OpraHU3alMH pac-

MIpEeEIEHUs 3apocoB, KOrJa MPUOPUTETHI 3ampo-
COB Ha JHCIIETYEPU3ALHNIO U COOCTBEHHO pEIICHHUE
(YHKIIMOHAIBHBIX 337124 OJMHAKOBBI (Oecripuopu-
TerHast aucuuIuiMHa obcimyxuBanus, J1O); xoraa
3alpockl HAa JUCHETYEPU3ALUI0 HMMEIOT OTHOCH-
TeNbHBIH 700 aOCOMIOTHBI NPUOPHUTET Hax
(YHKUMOHANBHBIMU 3allPOCAMH M KOTAa (yHKLU-
OHaJIbHBIE 3aIPOChl UMEIOT OTHOCHUTENBHBIA OO0
aOCOJIOTHBIM TMPHOPUTET OTHOCHTENBHO 3a/ad
JUCTIETYEPU3ALIUH.

Cpennee Bpems mpeObIBaHHUS 3allPOCOB B

CHCTEME BBIUUCIISIETCS KaK:
T=D+gQ+(1—-g)L+M), 1)

rne D — cpennee Bpemsi mpeObIBaHUS 3a-
mpoca B CHCTEME J0 OKOHYAHUS €ro JHUCIeTYepH-
3anuy, Q — cpeqHee BpeMs IpeObIBaHUS B CUCTEME
3ampoca, 00pabaTpiBaeMOro CEpBEPOM-
JHCIIETYEPOM, TMOCIIe OKOHUAHUS €ro IUCIeTYepu-
3anuy, L u M — cpennee Bpemst ipeObiBanus nepe-
pacmpenenéHHOro 3ampoca B CEeTH Kiacrtepa W B
CepBEPE-UCIIOIHUTENE COOTBETCTBEHHO.

Jns uccnenmyeMblx BapuaHTOB OpraHHU3a-

LU pACIpEAeNCHUsl 3alpocoB CpelHee Bpems
MpeOBIBaHMS 3a1pOca B CUCTEME JI0 OKOHYAHHSI €r0

mucnerdepusanuu npu oecripuopurerHoit JIO pac-

cumuthiBaercs [8]:
__ AbE+gap?
T m-(Abg+gAb,)
rae Do — cpenHsist UIMTENbHOCTD JUCIETYePH3aIIH
3ampoca, b, — cpemHss JUMTENbHOCTh 00paboTKU
3ampoca.

ITIpu O c OTHOCUTEIBHBIMH U a0COIIOT-
HBIMM [IPHOPUTETaMH 3alpOCOB HA JUCIETYEpU3a-
LU0 UMEEM

1 +b0!

__ AbZ+gAb2

D, =Dy = T:l—}xboz

Ecnm 3ampocel Ha 00pabOTKy HMMEIOT OT-
HOCHUTETBHBIN IPUOPUTET, TO:
D, = Abg+gAbZ

* T (1-2222) (m-(Abg + gAbs))

B caydae, koraga 3ampockl Ha 0OpabOTKy
HUMEIOT aOCOTIOTHBIN TPHOPUTET:

+ by,

bo.

_ AbZ+gAb2 gAbybg
D5 - g}tbz 1— }\b + bO.
(1—7)(171—(}\1)04-9}\172)) gAD3
CpenHee Bpemsi mpeObIBaHUS B CUCTEME
3ampoca, 00pabaTeIBaEMOro CEpBEPOM-

JIICIIETYCPOM, TMOCIIE OKOHYAHUS €ro JUCIEeTYepH-
3aruu, nipu OecripuopurerHort [1O paccuuThIBacT-
csl.

_ AbZ+gAb2

Ql - + bZ!

m—(Abg+gAbs)

ecnu peanuzyerca O ¢ OTHOCUTEIbHBIMU
MPUOPHUTETAMH 3all[POCOB HAa JTUCIETYSPU3AIUIO,
TO!

0, = Ab¢+gAb2
=7 %
(1-222)(m—(Abo+gAby))

IIpu JO c abCoNOTHBIMU MPUOPHUTETAMHU
3ampOCOB Ha JUCTICTYCPU3ALIUI0 UMEEM:
Ab¢+gAb2 Abob;
)(m—(Ab0+gAb2)) 1-Abg
B cnydae JIO ¢ oTHOCHUTEIBHBIMH WU a0-

Q3 = (1_}‘ﬂ + bz.

COJIIOTHBIMHU TIPHOPUTETAaMH 3alpOCOB Ha 00pa-
0OTKYy:

2 2
Qs =05 = % + b;.

CpenHue 3aJepKKH TIepepacipeneIéHHoro
3ampoca B CeTH KiIacTepa M B cepBepe-
UCIIOJIHUTENE MOTYdMM HA OCHOBE H3BECTHOM
(GopMyJIBl IS CPEIHEr0 BPEMEHH IIpeObIBaHUS

3anpoca B CMO tuna M/M/1 [8]:

by b,
=M =5
1—(1—g)Aby 1_%

rae bl — CpeAHAA AJIUTCIBHOCTL Iepeaain
3arpoca 1mo CCTu KiaacTepa.

I/ICCHGZ[OBEIHI/IC MNpOBOAUTCA B YCIIOBUAX

OTCYTCTBHSI B CHCTEME TTEPErpy30K:
M<1’ (1—g))\b1<1,%<1.
m n-m
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Bbi60op sapuanmos opeaHudayuu pacnpedeaeHus 3anpoco8 8 cucmemax npedocmasaeHusi

UHPOPMAYUOHHBIX YCAY2

Br100p KoIMYecTBA cepBepPOB-

AUCHeTYepPOB

IMpeamonoxum, uro N=10 mrT., be=0,2 c,
b,=0,05 ¢, b,=1 ¢, g=0.1.

B pesynbraTe pacdy€roB, BBIIOIHEHHBIX B
cucTeMe MareMaTHdyeckux pacueroB Mathcad
Prime 2.0, momy4yeHbl 3aBUCHUMOCTH CPEHETO Bpe-
MEHHU NpeOBIBaHUS 3alPOCOB B CHCTEME OT KOJH-
YecTBa CEPBEPOB, BBHIMOIHSIOMNX (YHKUUH JHC-
neryepu3aluy, IpeicTaBieHHble Ha puc. 2. Ha
puc.2 kpuBble 1-5 cOOTBETCTBYIOT BapuaHTaM Op-
TaHW3alUK pacTpeaesieHus 3apocoB, KOraa Ipuo-
PUTETHl 3alpOCOB Ha AWCIETYEPHU3ALUI0 U COO-
CTBEHHO pelieHne (YHKIMOHANBHBIX 3aJad OJu-
HAKOBBI, KOIJa 3ampockl Ha JHUCIETYEPU3ALIIO
UMEIOT OTHOCUTENBHBIN 1100 aOCOMIOTHBIN MpHo-
puTer Hall (QYHKIIMOHAIBHBIMHE 3aIPOCAaMH U KOTIa
(yHKIMOHANBHBIE 3alpOChl UMEIOT OTHOCHTENb-
HBINA MO0 aOCOTIOTHBIN NPUOPHUTET OTHOCHTENBHO
3aja4 AMCIIEeTYepU3alui.

Iic
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6)

@
©
N W

2 23 26 29 32 35 38 41 44 47

° m, m.
Pucynok 2. KoiuecTBo cepBepoOB-IUCIIETYEPOB: a)
A=2.51/c; 6) A=51/c

W3 npeacraBieHHBIX rpa)UKOB BUJHO, YTO
CYLIECTBYET ONTUMAJIBHOE KOJIUYECTBO CEPBEPOB-
JHCTIeTuepoB, 3aBucamiee oT JJO 1 HUHTEHCUBHOCTH
BXOHOT'O TIOTOKA.

Haubonee > ¢dexTUBHON C TOUKK 3peHuUs
MUHUMAJIBHOTO CpPEIHEr0 BPEMEHHM IpeObIBaHUS

3anpocoB B cucreme sBisiercss 1O ¢ oTHOcUTENb-
HBIM MPUOPUTETOM 3alpOCOB Ha AUCIIETYEpU3a-
LHIO.

Bb160op no1m 06padaTeIBaeMbIX

cepBepaMHu-IUCIIETYEPAMH 3alPOCOB

B mpennonoxxeHun, yto M=3, moiydeHa
3aBHCHUMOCTb CpPEIHEr0 BpeMEHH MpeObIBaHMs 3a-
MPOCOB B CHCTEME OT JOJIH 00padaThiBaeMbIX Cep-
BepaMH-IHCIIETYEpaMH 3aIIPOCOB, MIPEACTaBICHHAs
Ha puc. 3. Ha puc.3 xpussie 1-5 mpencrapusior
BapHaHTBl TUCUUIUIMH AUCIIETYEPU3ANN B MOPSI-

K€ COOTBETCTBYIOIE NPEABIAYIIEMY PUCYHKY.
T,c
. 5

0 0.04 0.07

0.11 0.14 0.18 0.21 0.25 0.28 0.32 0.35 g -

Pucynok 3. lo/1s1 00padaThIBaeMbIX JUCTIETYEPAMHU
3ampocos: a) A=2.5 1/c; 6) A=5 1/c

U3 mpeacTaBieHHBIX rpadUKOB BUIHO, YTO
CYIIECTBYET ONTUMAILHOE 3HAUYCHHE (J, 3aBUCSIICE
OT UHTEHCUBHOCTH BXOTHOT'O MOTOKA.

WHTEHCUBHOCTh TIOTOKA MOXET U3MEPSTh-
csl B pealbHOM MacmiTabe BpPeMEHH, B MpOIEcCe
(GYHKIIMOHUPOBAHUS HUCCIACAYEeMON cucTeMbl. Ta-
KAM 00pa3oM, 3ajaya ONTHMH3AIMK pacrpernerne-
HUSI 3alpPOCOB MOXKET PEIIATHCS JUHAMHYCCKH.
W3mepenne HArpy3ku 3aMeyisieT paboTy CHCTEMBI,
MO3TOMY 11e7IeCO00Pa3HOCTh aaNTUBHON OMTHMH-
3anuu Tpedyer 000CHOBaHHSIL.
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OnTumu3anus pacnpeaeeHust
3anmpocos
[Touck pemieHus: MO ONTUMAIBLHOMY BapH-

aHTYy pacIpeaeieHus 3aIpOoCcOB MPOBENEM M0 KpH-
TEpUI0 MUHHMYyMa CPEAHEro BpPEMEHH NpeObIBa-
HUS!

T = ming T(m,g,}),

rIie cpeaHnee BpeMs MpeObIBaHUSI BHIYHCIIS-
ercsi Ha OCHOBaHHH (opMyusl (1).

B pesynbraTe onTtuMH3alMU HAaXOAUTCS
KOJIMYECTBO CEPBEPOB-IUCIIETYEPOB M M OIS 3a-
npocoB §, oOpabaTeiBaeMasi B 3THX cepBepax, Ko-
TOpBIE TO3BOJIIIOT AOCTHYb MHHUMYMa CpPEIHETO
BpEMEHH MPEeOBIBAHUS 3alIPOCOB B CUCTEME.

[IpoBeném mpumep onTUMH3ALMU pacipe-
JefieHnsl 3ampocoB A paccmarpusaeMbix 1O B
cepBepax-aucnerdepax npu A=5 1l/c, n=10 mr.,
b0:0,35 C, b1:0,05 C, b2:1.

B pesynbraTte pacu€ToB yCTaHOBJIEHO, YTO
i OecripuoputetHoi 1O onTHManbHBIM KOIHYe-
CTBOM JTUCIIETYEPOB sIBIIsIETCS M1=3, a Jois obpa-
OarpiBaeMbIX UMHU 3arnpocoB — §1=0.038, mxnsa O c
OTHOCUTEIbHBIMH IPHUOPUTETAMU 3aIpOCOB  Ha
mucnieruepuzanuio — my=10, g,=1, xns 1O c abceo-
JIOTHBIMHM NPHUOPUTETAMH 3aIIPOCOB Ha JAWCIETYe-
puzamuto — M3=3, ¢3=0.052, ans IO c ortHOCH-
TENBHBIMHU [IPUOPUTETAMHU 3aIIPOCOB Ha 00PabOTKY
- my=3, ¢4=0.03, g /IO ¢ aOCONOTHBIMU TIPHO-
pUTeTaMH 3ampocoB Ha 00paboTKy - Ms=3,
g5=0.023.

Cpennee Bpemsi IpeObIBaHHS 3allpOCOB B
CHCTEME NMPH YKa3aHHBIX ONTHUMATIbHBIX 3HAUCHHUIX
COOTBETBEHHO T,=4.312, T,=4.124,
T3=4.34, T,=4.281, T5=4.495.

paBHo:

3akiouenue

[Ipoananu3upoBaHO BIUSHUE OpraHu3a-
WU pacIpeeieHus 3ampocoB Ha 3G (HEKTUBHOCTh
BBIYHCIUTEIHHOIO KiacTepa HWH(POPMAIMOHHOTO
cepBuca, mokazaHa 3¢ (EKTUBHOCTh pa3leleHus
(YHKIMH AUCTIeTYepU3aIui MEXKIY HECKOJIBKIMH
KOMITBIOTEpaMHU KI1acTepa.

ITokazana 3 peKTUBHOCTH OpraHU3aLUU B
cepBepax-aucneryepax MUCLUIUIMHBL 0OCITy>KHBa-
HUSI C OTHOCHTEJIBHBIM IPUOPHUTETOM 3aIIPOCOB Ha
JUCTIeTUEpU3aui0 Hax  (YHKLIHUOHAIBHBIMU 3a-
pocaMu.

[IpeanoxeHHble B CTaTbe PEKOMEHAALUHU
MOryT OBITH MCIIONB30BaHBl MpPU ONTHUMHU3ALUH
JUCLUIUIMH JAWCIETYEPU3aLUNd U OOCITYKUBaHUS
3apocoOB B CUCTEMax PpacCHpelnesieHHOro Mpeo-
CTaBJICHUS UH(POPMALIMOHHOTO CEPBHUCA.
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