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[IpakTyeckoe 3aHATHE NIPEIHAZHAYECHO I U3yYECHUS IIPUHLIUIIOB aHAIn3a Telle-
KOMMYHHKAIIMOHHBIX CUCTEM C OUEpeIIMU Ha MpUMeEpe opraHu3anuu nHpopMma-
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MEHHU peakUuuy MH(POPMAMOHHBIX CUCTEM B JIOKAIbHBIX, TOPOACKUX U II100ajb-
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AHaJIM3 pacnpeaejéHHOM CUCTeMbI KJIUEHT-CepBep

1. Hean npakTuyeckoro 3ansatusi. OB1ageTh OCHOBAMHU pac-
4YE&Ta KJIMEHT-CEPBEPHBIX CUCTEM, PACCMATPUBAEMBIX KaK CUCTEMBI C
o4epeasiMH, C ONIPEICIICHUEM OCHOBHBIX BEPOSATHOCTHO-BPEMEHHBIX Xa-
PaKTEPUCTUK CHCTEM.

2. ITocTanoBKa 3a1a4u B OﬁlﬂeM BHIC

B ycnoBusix cTpeMUTENBHOTO POCTa MHTEHCUBHOCTH MH(OPMAITMOHHOTO 0OMe-
Ha B COBPEMEHHBIX CETSIX YaCTO BO3HUKAECT HEOOXOAUMOCTh B MPUMEHEHUN HAYYHO
00OCHOBaHHBIX METOJIOB MPEICKa3aHusl OCICICTBUN U3BMEHEHUN B CETH, CMEHBI
TOMOJIOTHH CETH U T. 1I. [TociieIcTBHUSI MOTYT OLIEHUBATHCS C TOYKU 3PEHUS BIUSTHUS
Ha MPOU3BOAUTEIHLHOCTD, BPEMSI OTBETA CETH, IOCTYITHOCTh TE€X WJIM UHBIX CEPBUCOB
u np. JKenarenbHO TaKkKe YMETh POBOJIUTH AlIPUOPHYIO OLICHKY MapaMeTPOB CETU
1o ee pa3BepThiBanus. [IpencraBum cebe cnenyronlyto cutyanuto. B opranuzanmm
YCTaHOBJIEHO ONPEJEIICHHOE KOJIMYECTBO PA0OUMX CTAHIUI, IOJKITFOUEHHBIX K CETU
Ethernet 10 M6ut/c. PykoBoauTes HeaBHO CHOPMUPOBAHHOTO OT/ICIICHHSI OpPTaHU-
3aluu cOOUpaeTcsl NOAKIIOUYNUTh HOBbIE PA0OUME CTAHIIMHM CBOMX COTPYIHUKOB K 3TOU
JercTByolen cetu. Ilepen Bcel opranusanuen cpasy BCTaeT BOIIPOC — CMOKET JIA
CYLIECTBYIOMIAS JJOKAJIbHAS CETh CIPABUTHCS C BO3POCIIEH HArPY3KOW WIIH I 3TOTO
OT/eNeHHs] He0OOXOMMO Oy/IeT CO3/1aBaTh BTOPYIO JIOKAIbHYIO CETh U O0BEANHSATH
00e ceTH MOCTOM WJTH, HAKOHEI], ITOBBICUTh CKOPOCTh PA0OTHI JIOKAJILHON CETH /10
100 Mowut/c, T.e. nepeiitu k cetu fastEthernet?
CyllecTByIOT U JpyTrue Ciy4au, B KOTOPBIX JOCTaTOYHO CJIOXKHO OBICTPO TOJTYYHTH
OTBET Ha BOIIPOC O TOM, HACKOJIbKO BO3pACTET HArpy3ka Ha CeThb MPU TE€X WM MHBIX
W3MEHEHHUSIX, U CIPABUTCS JIU C HEM ceTh. C TOUKM 3pEHUSI POSKTUPOBAHUSI CETU ITO
03HAYaET, YTO HE CYIIECTBYET YETKOIO OJHO3HAYHOIO METO/A, TTO3BOJIAIOIIETO HA OC-
HOBE CYIIIECTBYIOIIUX TPEOOBAHUI K CETH BBIYUCIIUTH MapaMeTpbl U KOH(UTYpAITUIO
Oynyuieit cuctembl. PaccMotpum nipyroit npumep. OIHO W3 OTACNICHUN OpraHu3aliu
HamepeBaeTcs 000PyA0BaTh BCE CBOU paboune MecTa MePCOHATbHBIMU KOMITbIOTEpa-
MU M HaCTPOUTh MX JJIsi pabOThl B JIOKAIBHOM ceTu ¢ cepBepoM. KoHeuHO, MOXKHO,
OCHOBBIBASICh Ha OTIBITE KAKOW-TMOO POJCTBEHHON OpraHW3aIlid, KOTOpasi yXKe Mpo-
Jienana moJo0Hy0 padoTy, OLIEHUTh MPUMEPHYIO 3arpy3Ky, TCHEPUPYEMYIO KaXKIIbIM
MIEPCOHATIBHBIM KOMITHIOTEPOM, M Ha 3TOM OCHOBAHUH OILIEHUTH TPEOYyEeMYFO TTPOU3BO-
JIUTENBHOCTD BCEM JIOKAJIIBHOM CETU M CEPBEPA B YACTHOCTU. ECTECTBEHHO, OCHOBHBIM
KpUTEPUEM TMPU OLIEHKE COBOKYITHOCTH MapaMeTPOB CETH B JAHHOM CITydae SIBJISCTCS
€€ MPOU3BOIUTENILHOCTD B 11e7I0M. [Ipy NCHOIB30BaHUM UHTEPAKTUBHBIX MPUIIOKEHUN
peaIbHOTO BPEMEHHU B KaUECTBE OCHOBHOM OLIEHOYHOM XapaKTEPUCTUKH OOBIYHO HC-
MOJIL3YETCSl BPEMSI OTBETA CETU (MHOTJ]a OHO Ha3bIBAETCS BPEMEHEM PEAKIUU CETH).
B apyrux ciydasx OpueHTHUPYIOTCS Ha MPOITYCKHYIO CTOCOOHOCTD CETH.
OueBUIHO, YTO B TAKUX CIIy4YasiX MPH MPOESKTUPOBAHUM CETH HEOOXOAUMO UMETh aHa-
JUTUYECKUE WHCTPYMEHTBI, MMO3BOJISIOIIME NPEICKA3bIBATG MPOU3BOIUTEIBHOCTD 10
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mMonieru ceTr. OHUM W3 TaKUX WHCTPYMEHTOB, MPEIHA3HAYCHHBIX I Pa3paOO0TKH
CETEBBIX U KOMMYHUKAIIMOHHBIX CTPYKTYP, MOXKET ObITh aHAIUTUYECKAsT MOJIEIb, OC-
HOBaHHAsE HAa Teopuu ouepened. OKazbIBacTCsl, OOJBIIOE KOJIMYECTBO MPOOIEMHBIX
BOIIPOCOB HAXOJISAT CBOE PEIIECHHUE MIPU UCMOJIb30BaHUN MaTeEMaTHYECKOI0 METO/IA aHA-
J3a OYEPEAEH.

XoTs Teopusi Ouepeeii MaTeMaTHYECKH JOCTATOYHO CJIOYKHA, IPUMEHEHUE 3TOU Teo-
pUM JIJIs1 aHATIM3a TPOU3BOAUTEIBHOCTH CETH BO MHOTHX CITydasiX JIaeT jKeJlaeMble pe-
3yJbTaThl. 3HAHUE OCHOB CTATUCTHKM M TIOHMMaHHE O0a30BBbIX MPUHIIUIIOB MpUMeE-
HEHMS TEOPUU OouYepesiell — 3TO BCE, YTO MOXKET MOTPEOOBATHCS JIs OTYUYECHHUS OLIECH-
KU TIPOU3BOUTEIILHOCTH CETU C HEOOXOUMOM CTETIEHbIO TOUHOCTH. AHAJIUTUK MOYKET
MIPOBECTU aHAJIU3 OYEpEIeH B 3a/IaHHON CETEBOM CTPYKTYpE, UCTIONIB3YS y’KE TOTOBbIE
TaOMUIBI Oueperiel WM MPOCThIE KOMITBIOTEPHBIE MPOrpaMMBbI, KOTOPHIE 3aHUMAIOT
HECKOJIbKO CTPOK KOJIa.

[lepen paccMOTpeHHEM TEOPUU OYEpEICH, MPEACTaBIsIEMON faiee B BUE, YIOOHOM
JUISl TIPAKTUYECKOTO HCIIOJIb30BAaHHUS, MOKHO TMPUBECTH MPUMEP KOHKPETHOTO UC-
T0JTb30BaHus Tol Teopun. PaccmoTprm Web-cepBep, koTopblil TpaTuT Ha 00paboTKy
OJTHOTO 3aIpoca Kakoe-TO 3apaHee M3BECTHOE, (PMKCUPOBAHHOE BpeMs — JOIyCTUM
OJTHY MUJUIMCEKYHITy (OYE€BHIHO, YTO ATO OYJET TAK)KE CPETHUM BPEMEHEM, 3aTpa-
YUBaEMbIM Ha 00paboTKy). Tenepn, eciu cpeaHsisi CKOPOCTh MOCTYILICHUS 3alpOCOB
paBHa OJJHOMY 3anpocy B ojHy MusumicekyHay (1000 3arpocoB B CeKyHy), TO BIOJI-
HE MOXHO CUMTaTh, UTO CEPBEP CHPABUTCS C ITOM HArpy3Kou. J{eMCTBUTENIBHO, 3TO
MPOU30UJIET B TOM CiIy4ae, KOI/Ia 3alpoChl MOCTYIMAOT C OJIMHAKOBOM CKOPOCTHIO
(paBHOM, OYEBHUIHO, OJTHOMY 3aIMPOCy B KAKIYI0 MUJLTUCEKYHY). [locne mocTyruie-
HUSI 3aIpoca cepBep HeMeNIeHHO oOpabaTsiBaet ero. Ilocie Toro kak cepsep 06pabdo-
TaJI TEKYIIUI 3alpoc, MOCTYMAaeT HOBBIM 3aIllpoc, CEpBEep HAYMHAET €0 00paboTKy U
CHOBA YKJIaJIbIBAE€TCS BO BPEMHI.

PaccmoTpum Ooliee peasibHyl0 CUTYallMIO M MPEAINOJIOKUM, YTO CPEAHSAS CKOPOCTh
MOCTYIUICHHUS 3alIPOCOB TMO-TIPEKHEMY PaBHA OJHOMY 3aIllPOCy B MHUJUIMCEKYHIY, HO
CYLIECTBYET HEKOTOpasi (PIIyKTyalysl MOCTYIJIEHH 3alpocoB. Toraa B TedeHue Jiro0o-
ro MUWDIMCEKYHIHOTO NEpUoJa BPEMEHH MOXKET HE MPUXOAUTH 3alpOCOB BOOOLIE, a
MO>KET MOCTYIUTh Cpa3y HECKOJbKO 3ampocoB. Ho cpeaHsisi CKopocTh MOCTYIJICHUS
3aIlpOCOB BCE PABHO PaBHA OJJHOMY 3alpOCy B MUJUTUCEKYHIY U SIBIISIETCS JOCTATOUHO
YETKUM KPHUTEPHEM TOTO, HACKOJIBKO 3arpykeH cepsep. C (mykTyarmsiMu, Hepery-
JSIPHOCTSIMH B TIOCTYTUICHUH 3aIIPOCOB MOXKHO CITPABUTHLCS, BBEIST Oy(PEpHYIO MaMsITh.
JlelicTBUTEBHO, B TEUEHUE BPEMEHH 3aHITOCTH, KOTIa He00X0anMo 00paboTaTh MHO-
YKECTBO 3aIIPOCOB, CEPBEP MOXKET COXPAHATh HEBBITIOJHEHHBIC 3aPOCHI B CBOEH Oy-
depHoit namsiti. My, uHBIME CIOBaMU, CEPBEP MOMEIIAET ITH 3aMpPOChl B 0Yepeod.
Korza cepsep 3aBepiut 00paboTKy TEKYILETo 3arpoca, OH BO3bMET 3apoc U3 ouepe-
JIM U TEM CaMbIM YMEHBIIUT ee. C 3TOM TOUKU 3peHusi, OCHOBHBIM BOIIPOCOM TIpH pas-
paboTKe CEeTEeBOM CTPYKTYPHI SIBIISIETCS BOMPOC O TOM, HACKOJILKO OOJIBLIUM JIOJIKEH
ObITh Oy(ep ceppepa.

JIOBOJIBHO 4YacTO BO3HHKAET HEOOXOJMMOCTh B TMPOBEIECHUHM OLEHKU IMPOU3BOJIU-
TEJILHOCTH Ha OCHOBE MMEIOIIMXCS JIaHHBIX O 3arpy3ke JIEHCTBYIOIIEH CETH WM IO
NperoaaraeMoi 3arpy3ke BHOBb IPOEKTHPYeMoit ceTu. [[iist mpoBeieHrs Takux ole-
HOK CYILIECTBYIOT Pa3JIMYHBIC MOIXOIbI:
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0 [IpoBeneHre aHanu3a NPOU3BOIUTEIBLHOCTH CETU MOCIE €€ BHEAPEHUS, OCHO-
BBIBASICh HA 3HAYEHUSAX II0KA3aTeJNeil, KOTOPbIE aKTyalbHbl B JaHHOM KOHKPETHOM
clIyyae;

0 BeImosHeHne mpocToi OIEHKH pabOTOCTIOCOOHOCTH OyIyIel Cpepl, OCHO-
BaHHOM Ha CYIIECTBYIOIIEM OTBITE Pa3pabOTKU 1 TOCTPOCHUH MOTOOHBIX CETEH;

0 Pa3paboTka u mpuMEeHEHNE aHATUTUYCCKOW MOEIH, OCHOBAaHHON Ha TEOPUH
odepee;

0 Pa3paboTka 1 npuMeHeHHne MpoCTerIIel MporpaMMbl, MOJICIUPYIOIIEH MOBe-
JICHUE CETHU.

[lepBbIil BapuaHT MpeanojiaracT MAacCUBHYIO TMO3UIMIO pa3padoTyuka ceTu. Pasz-
pabOTUMK MPOCTO OXKHUJAET PE3yJIbTaTOB CBOEH JAesTelnbHOCTH. EcTecTBEHHO, Takoi
METOJ| YpeBaT HENPEACKa3yeMbIMU NOCIEACTBUAMU. [1oiydeHHBIM pe3yabTaToM, Kak
NPaBUIIO, OKA3bIBAIOTCSI HEIOBOJIbHBI U MOJIb30BATENHN, U PYKOBOJUTEIN OpraHU3all|H.
WX MOKHO MOHSITh — OHH MOHECIH HEONPABJAHHBIE 3aTPaThl, HO, B UTOTE, TAK U HE
MOJIYYHJIA CETH C 5KEJIAEMbIMU MTapaMeTPAMH.

Bropoii BapuaHT MOXKET AaTh, KaK MpaBWIIO, JIydlIre pe3yibratel. [lpu anamusze Oy-
JTyLIEH CeTH Ha OCHOBAaHUH MUMEIOLIET0Cs OMbITa MOXKHO YBHJIETh, YTO MPU HATUYHBIX
BO3MOKHOCTSIX (B TOM 4HCIie, (PMHAHCOBBIX) U OIPAHUYEHUSX OECCMBICIEHHO OXKH-
JiaTh, 4TO CETh OY/ET YAOBIETBOPSTH TEM WM UHBIM TpeOoBaHUsM. To ecTb, 3TOT Me-
TOJ{ TIO3BOJIIET JOCTaTOYHO YBEPEHHO INPEJICKA3aTh, YTO He CMOdicem AENaTh MPOeK-
TUpyeMasi ceTb. C TOUKU 3pEHUs! BBITIOJIHEHUS NPEAbABIIEMbIX TPeOOBaHUM, METO/,
OCHOBBIBAIOLIMIACS HA OIBITE, MOXKET J1aTh TOJBKO JOCTATOYHO PACIUIBIBYATHIC MPE-
JIOKEHUSI, HOCSIIIME KaueCTBEHHbIM xapakTep. AOCOIIOTHO OECCMBICIEHHO MBITATHCS
BBINOJIHATh HA OCHOBE 3TOr0 METOJa HEKYyro OoJjiee WM MEHEee TOUHYIO KOJIMYeCT-
BEHHYIO OILIEHKY HEOOXOJMMBIX mapameTpoB. Jlpyrast mpoOiema, CBS3aHHasl C 3TUM
MOJIXOJIOM, 3aKJIFOUAETCsl B TOM, YTO MOBEJICHHE OOJBIIMHCTBA CUCTEM IIPU U3MEHEHUH
3arpy3ku OyZeT He TaKUM, KaK MHTYUTHUBHO OKHJiajoch. Eciu cyiiecTByeT cpena,
B KOTOPOHM €CTh pa3/ielisieMble KaHalbl CBA3HM, TO MPOU3BOIUTEIBHOCTh TAKOM CHC-
TEMBbI, KaK IPaBUJIO, SKCIIOHEHIIMAIBHO YMEHBIIIAETCS MPU YBEITUYEHUH HATPY3KU.
B pesynbTaTe HaOMOmaeTCA PACXOKIACHUE OKUTAEMBIX 3HAUCHUNM U HAOJI0IaeMbIX
(puc. 1).

3arpy3ka CceTd B JaHHOM CITy4ae OIpEeeIsieTcs 0Jel 3a1eCTBOBAHHON MPOITYCKHOM
cnocooHocTu. Cie1oBaTeNbHO, €CIIM PacCCMAaTPUBATh MOCT, KOTOPBIN CITIOCOOEH 00pa-
OatbiBaTh 1000 KaapoB B cekyHay, To 3arpy3ka 0.5 o3HadaeT ckopocth nepenaun 500
KaJpoB B CEKyH1y. Bpems oTBeTa eCcThb CyMMa CpEAHHUX BPEMEH, 3aTPAYMBAEMBIX HA
nepenavy BXOJAIMX B CETh KaJpOB.

Ha puc. 1 BepxHsis KprBasi IOKa3bIBa€T U3MEHEHUE PEAIbHOIO BPEMEHU OTBETA CETH
Ha pa3JeiieMbIX KaHAJIaX CBS3H IIPH YBEJIMYEHUH HArpy3ku. HuKH:S KprBas ONMCHI-
BaeT OXKUJAaeMble pa3padOTYMKOM 3HaueHHs. J[Be KpUBBIE COBNANAIOT TOJBKO B Mpe-
JIeJIaX TOW HArpy3k, ¢ KOTOPOM PEAIIbHO MMEI JIEJ0 HAlll TUIIOTETUYECKUM pas3pa-
0oTunk. Kak BUIKM, OMBIT SBISETCS TOCTATOYHO HAECKHBIM MPOBOJHUKOM TOJILKO
IIPY NIOJIOBUHHOM 3arpy3ke ceTd. 1Ipu nanpHeieM pocte Harpy3Ku pOU3BOAUTENb-
HOCTb CETH Oy/IeT PE3KO CHUKATbHCS.

JIJ1 mpoBeeHNs OLIEHKM MOBEIEHUSI CUCTEMbI IPAKTUYECKH HAa BCEM JHMAIA30HE 3a-
IPY3KH MOXKET ObITh MCHOJBb30BaH aHANUTHYECKUid MeToA. Ilpu ero mpaktuyeckoMm
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NPUMEHEHUH TIPUXOUTCS peliaTh HA0Op ypaBHEHHIA, MOCIE YEro yAaeTcs MOIyYUTh
napamMeTpbl, HEOOXOIUMBIE IS OLIEHKU CUCTEMBI (BpEMs OTBETA, MPOITYCKHYIO CIIO-
COOHOCTh M T. 1.). Vcmonmp3oBaHue TEOpUHM OuepeAed JaeT JOCTAaTOYHO TOYHYIO
OLIEHKY, KOTOpasi, B OOJIBIIIMHCTBE CIIy4aeB, XOPOIIO COOTBETCTBYET JEUCTBUTEIHLHOC-
TH. HemoctaTkoM Teoprn ouepesieii SBISIETCs TO, YTO TpU BbIBOAIE (hOpMyJI, HA KOTO-
pPBIX OHa OCHOBBIBAETCSI U KOTOPBIE MCHOJB3YIOTCS JIJIsl pacueTa MHTEPECYIOUINX Hac
napaMeTpoB, HEOOXOIMMO MPUHSATH OIpeJIeIeHHbIE JIoMyIieHusl. Tem He MeHee, OKa-
3BIBAETCS, YTO ATH JOIYILICHUS BIIOJIHE ONPAB/IaHHBI, & MOJIYYaOIINEC PE3YJIbTAThI
OJIM3KK K TE€M, KOTOPbIE MOJIYYarOTCsl MPU MPOrPaMMHOM MOJEITHUPOBAHUU CETH C
TaKUMHU ke rmapamerpami. [IpernMyIecTBoM Teoprur OYepEE 0 CPABHEHUIO C MOJIE-
JIMPOBAHUEM SIBJIIETCS] TO, UTO aHAIIU3 OYepeeid MOXKET ObITh BBHITIOJHEH 32 CPaBHU-
TEJIbHO KOPOTKHUM CPOK (IUisi OOJBIIMHCTBA PEAIbHBIX CUTYallMii), B TO BpeMs Kak
MOJIEIMPOBAaHUE MOXKET 3aHATh JHU WIH AK€ HEIEIN — CO3JaTh MPOrPaMMHYIO MO-
JIeJ1b, OMHCHIBAIOIIYIO TPEOYEMYIO CUTYaAIUIO, TOCTATOYHO HENPOCTO.
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Aarpy3da cHCTESMbB

Puc. 1. Oxunaemoe u peasibHOE BpEMEHA OTBETA CUCTEMBI

3. OmpenejieHne mapaMeTpPoB CUCTEMBI C OUepeasiMH

JIy1s ipoBeieHusI pacyeTa mapamMeTpoB CUCTEM C OYEepPEIsIMUA HEOOXO MO OTpeie-
JIUTh, 4YTO, COOCTBEHHO, BXOJIUT B COCTAaB 3TOM CUCTEMBI U TO, KaKHe IMapaMeTphbl
nojyiekar oueHke. [Ipocreninas cucrema ¢ OpraHu3alnend Ouepee K cepBepy
MoKa3zaHa Ha puc. 2.
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Puc. 2. ba3zoBas cxema CUCTEMBI C OUEPEIIBIO K CEPBEPY

LleHTpanbHBIM DJIEMEHTOM 3TOW CHUCTEMBI SIBJIIETCSI CEPBEP, KOTOPBIM NPOU3BOAMT
OIpeJIeIIEHHbIE JCUCTBUS C 3JIEMEHTaMH JIaHHBIX ([TaKeTaMHU, KaJpaMu, ieiTarpamma-
MU U T. 11.). {7151 paccMOTpeHust 3TO CUCTEMBbI PUMEM HEKOTOpBIE AomyiieHus. Bee
AJIEMEHTHI JAHHBIX, OCTYNAIOIINE B CUCTEMY, COXpaHsAtoTCs. Ecim cepep B orpene-
JIEHHBII MOMEHT BPEMEHH MPOCTanBacT (CBOOOIEH), AIEMEHT JaHHBIX 00padaThIBacTCsI
HEMEIJIEHHO. B mpoTHBHOM cilyyae MOCTYMHArOUIME 3JEMEHTHI JaHHBIX (3asBKH) CO-
XpaHstoTcest B ouepeau. Ilocie BbIMONHEHUsI cepBepoM OOpabOTKH OIpPEIETICHHOTO
AJIEMEHTA JAHHBIX, OH HEMEIUIEHHO OTIIPABISIETCS MO HazHaueHWro. Ecim B ouepenn
HaXOoJATCA APYrHe 3JIEMEHThI JaHHBIX, TO OJUH U3 HUX HEMEIJICHHO IOCTYIAeT Ha
00paboTKy B cepBep.

Ha puc. 2 Takxke NoKa3aHbl HEKOTOPbIE BXKHbBIE MTAPAMETPbl, KOTOPbIE HCIIOJIb3YIOTCS
IpU pacyerax. JJINEMEHTHI JTaHHBIX MMOCTYTAIT B 3Ty CUCTEMY C HEKOTOPOU CpeHen
CKOPOCTBIO TIOCTYTUICHUS A (OHAa U3MEPSETCS B UMCIIE 3asBOK B CeKyHy). Ha onpene-
JICHHBII MOMEHT BPEMEHM HEKOTOpPOE KOJMYECTBO 3JIEMEHTOB JIaHHBIX OyAET Haxo-
TUThCs B ouepenu. [laBaiire 0003HaUMM CpeHEE YMCIIO AJIEMEHTOB JAaHHbBIX, HAXO/s-
HIMXCs B ouepeau, OyKBOM M, a cpeiHee BpeMsi, KOTOPOE AIIEMEHThI TaHHBIX JTOJKHBI
OKUJATh B Oo4Yepear — CUMBOJIOM T,. DTOT mapamerp ONpeneseH U UMEET CMBICI
JUIS BCEX BXOJALIMX JIEMEHTOB JAHHBIX, BKJIIOYAsl U T€, KOTOPBIE HE O’KUAAIN BOBCE.
CepBep 00OpabaTbiBaeT BXOISIIME DJEMEHTHI JaHHBIX, 3aTpayrBas Ha 3TO CpeaHee
BpeMsi 00paboTku Ts. DTOT BpeMEHHOIl MHTEpBaj OTCUMTHIBAETCS OT MOMEHTA IIO-
CTYIUICHHSI 3JIEMEHTa JaHHBIX Ha 00pabOTKYy BIUIOTH 10 OKOHUYaHHsI 00pabOTKU €ero
CEpBEPOM (TO €CTh OTHPABKH). Y THIM3AIMS (CTENEHb 3arpy3Ku) cepepa p — 3TO
J0J1s1 0OLIIeTo BPEMEHH, B TEUEHHE KOTOPOM cepBep ObLI 3aHST.

Kpome Toro, CyiecTByoT elie JBa napamerpa, XapakTepu3yrole CUCTeMy B 1ie-
jgoM. K HUM OTHOCATCS: CpeHee YMCIO AJIEMEHTOB JIaHHBIX, HAXOASIIUXCSA BO BCEH
cUCTEME, BKJIIOYasi AJIEMEHThI JaHHBIX, KOTOPbIE Hadallu 00padaThIBaThCS, U AJIEMEH-
ThI, O’KUAIOIIKE 00padOTKH, — ( ¥ CpeAHee BpeMsl, KOTOPOE ATH JIEMEHThI JaHHbBIX
HAXOJATCS B CHUCTEME, OKHJIasi CBOCH OUeper WU YXKe HaxoJsCh B 00paboTKe, —
1.
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Ecnu npennonoxuTh, 4TO eMKOCTh ouepean OeCKOHeUHa, TO B TaKOM cucteMe He Oy-
JIET TIOTEPSIHHBIX 3JIEMEHTOB JIaHHBIX - 3JEMEHTHI IPOCTO OXXHUJIAIOT B OYEpEIn 10
TEX TOp, MoKa He OyayT 00padboTanbl. C y4eTOM 3TOTO JOMYIIEHUs, CPETHSS CKOPOCTh
OTIIPABJIEHMSI 3JIEMEHTOB JAHHBIX PaBHA CPEAHEN CKOPOCTH MOCTYIUIEHUs. Ecian cko-
POCTH MOCTYIUIEHUS 3JIEMEHTOB JaHHBIX (KOTOpasi ONpeAessieTcs: TpapuKoM, BXOIs-
MM B CHCTEMY) YBEIMYMBAETCS, TO, ECTECTBEHHO, BO3PACTAET HArpy3Ka Ha cepBep, a
3HAYUT, U yTWIU3alus ceppepa. V3 Takux e eCTeCTBEHHBIX COOOpaKeHUN MbI 3a-
KIII0YaeM, YTO YBEJIMYCHHE Pa3MEpPOB OYEpEIr MOBBIIACT (MM, MO KpailHel Mepe,
MO>KET TIOBBICUTh, HO HUKAaK HE YMEHBIIIUTh) BPEMsI OKUIaHUS FIIEMEHTOB JIAaHHBIX B
Heil. [Ipu p = 1 cepBep 3arpyxaercs A0 npezena, padoras 100 % cBoero BpeMeHH.
CrnenoBarenbHO, TEOpETUYECKass MaKCUMalbHAasi CKOPOCTh IMOCTYIICHUS 3JIEMEHTOB
JAHHBIX, IPU KOTOPOM OHU MOTYT ObITh 00paOOTaHbl CEPBEPOM, BHIUUCIISETCS IO ClIe-

nytoien popmyre:

1
Amax = T_S

OnHako pa3Mep oyepenrd Pe3KO BO3pPAcTaeT MPU BXOXKIECHUM CHCTEMBI B PEXUM
HACBIILIEHHs, CTpeMsCh K OeckoHeuHocTH Ipu p = 1. [ToaTroMy Ha mpakTuke 0OBIYHO
OrpaHMYMBAIOT CKOPOCTh MOCTYIUIEHUs JaHHbIX Ha cepsep 10 70-90 % ot TeopeTu-
4EeCKOT0 MaKCUMyMa.

Mo’kHO MMOKa3aTh NPOLECCHl, IPOUCXOIALINE B ouepenu, B ux auHamuke. Ha puc.
3 mokazaH rpaQuk, WUIIOCTPUPYIOLIUI paboTy cucteMsl ¢ ouepenbto. [lo ocu opau-
HaT OTKJIA/IbIBAETCsI OOILlee YHCIIO AJIEMEHTOB JIAaHHBIX B CUCTEME. 3aTeHEHHbIe 00Jia-
CTH MO OCH a0CIMCC ONPEAEISIOT MEPUO/Ibl BPEMEHH, B TEUEHUE KOTOPBIX CEpBEp 3a-
HAT. B1oJb 3TOM k€ OCH pacrosiaratoTcsi OTpe3KU, O3HAYAIOITUE COOBITHSI IBYX TH-
TIOB: IMOCTYIUICHUE DJIEMEHTa JAHHBIX; (QJIEMEHT TOCTYIMaeT BO BpeMs Aj) U 3aBep-
IIeHre 00PabOTKH ITOTO XKe AMeMeHTa | (00paboTKa 3aBepIIacTcss B MOMEHT BPEMEHH
Dj), korna snemeHT nokugaer cucremy. OueBUIHO, BpeMs, KOTOPOE 3JIEMEHT JlaH-
HBIX | HAXOAWJICS B CHUCTEMe, ompenersiercs no ciemnyromeii opmyne: Tj = Dj — A;.
MuHuManbHOE BpeMst 00CITyKUBaHHS IS DJIEMEHTa | 0003HAYaeTCsl CHMBOJIOM S;.

A ; Ty ot
: o &
0 Ti : '
§
0%
& g 4ot
3 >
Ea 2-4_ ;&i ¥
z i
§ " e
B : q’sa i ‘,,v,
.. |\l‘ Lh[}o’ﬁ‘{ '3

A11A12A13 Dy Bpews

Puc. 3. Iloctymuienne 351eMeHTOB 1 X 00paboTKa B CUCTEME C OYEePEIBIO
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B mamem mpumepe Bpemsi 00pabOTKH TEpBOTO AJIEMEHTa JaHHBIX |1 PAaBHO MUHU-
MaJIbHOMY BPEMEHHU OOCITYKUBAHHS IS TOTO AJIEMEHTa S1, TaK KaK KOTJa 3JeMEHT |
MOCTYIAaeT B CUCTEMY, OHA HAXOJUTCS B PEKUME MPOCTOS, U AIEMEHT Cpasy *Ke Io-
CTymaeT Ha oOcTyXuBaHHE. Bpemsi oOCTy>KMBaHUS BTOPOTO 3JIEMEHTA JAHHBIX |2
OTIPEIEIISAETCS CYMMHPOBAHUEM JBYX BPEMEH: BPEMEHH, KOTOPOE AJIEMEHT 2 OKHU-
JaeT 0OCITY>KMBAaHUS B OYEepEen U KOTOpoe ompenensiercs Boipaxenuem (D1 — Az), u
BPEMCHH, 3aTPAUuCHHOr0 Ha ero o0cy:kuBanue Sy. AHanoruuto, T3 = (D3 — Ag) = (D3
—A3) + (D3—A3) =S3+ (D3 —%)

[lepen TeM Kak POU3BOAUTH JFOOBIC BEIYMCICHUS TAPAMETPOB JIJIsI CUCTEMBI C Ouepe-
TIbE0, HEOOXOIUMO OIIPEICTUTh YCIOBUS pabOTHI 3TOW CUCTEMBI U BBISIBUTH TUATIA30H
U3MEHEHUH mapamMeTpoB. Hike MpUBEACHBI YCIOBUS, MPU KOTOPHIX HaAMH OyIeT
paccMaTpuBaThCA CUCTEMA C OUePEsIMU:

O Onpedenenue Koauvecmsa 21emeHmos oanHuix. Ilpeamnonaraercs, 4To B CUC-
TEMY MOXXET TIOCTYMaTh OECKOHEYHOE KOJIMYESCTBO JIEMEHTOB JAHHBIX. ITO MOYKHO
WHTEPIPETHPOBATh KaK TPEOOBAaHWE O TOM, YTO CKOPOCTH TOCTYIUICHHUS 3JICMEHTOB
JTAHHBIX B CUCTEMY HMKAK HE 3aBUCHUT OT YHMCJIa 3JICMEHTOB, HAXO/IAIINXCS B CHCTEME.
Ecnu Obl KOTMYECTBO AJIEMEHTOB JaHHBIX ObUIO OTPaHUYEHO, 3TO O3HAYAJIO Obl, YTO
CKOPOCTH MOCTYIUICHHSI 3JIEMEHTOB B CUCTEMY CHIDKAIACh OBl TIPH YBEITMUEHUH YHCITA
y>Ke 00padaThIBAEMBIX AJIEMEHTOB.

0 Ouepedb modicem HeoepanudenHo pacmu. Ilpyu paccMOTpEHUN CUCTEMbI HAMU
Oynet mpearnonaratbcsi OeCKOHEUHBIN pazmep odepeau. CienoBaTelibHO, Ouepeib, MO-
XKET pactu O6e3rpannyHo. Eciu BBeCTH OorpaHWyeHus Ui pa3Mepa odepeau, TO diie-
MEHTBHI JIaHHBIX B CUCTEME CTaJIM Obl OTOpAChIBATHCS MIPU 3aroIHEHUH ouepenu. Eciu
ouepeb 3aroyiHeHa, a JOMOJHUTEIBHBIC AJIEMEHTHI JAHHBIX TIPOJOIKAIOT MOCTYIATh
B CHUCTEMY, TO CEpBEpP HHYETO HE CMOXKET CHAeNaTh ¢ HUMH, KPOME TOrO Kak oTOpa-
chiBaTh. Ha mpakTuke mr00ast odepeib MMEeT KOHEUHBI pa3Mep, HO B OOJIBIIMHCTBE
CITy4acB TEOPETUUECKOE JIOMYIIEHUE O e¢ Oe3rpaHNYHON BMECTUTEITLHOCTH HE TIPHUBO-
JIUT K CYIICCTBEHHBIM OIMOKaM, TaK KaK peabHBIC YCTPOMCTBA UCTIONB3YIOT Pa3iIid-
HBbIC MEXaHU3MbI MPEIOTBPAIICHHUS CUTYAIUi, TIPU KOTOPBIX OYACT MPOU3BOIUTHCS
oTOpachIBaHUE JTAHHBIX.

0O Onpeodenennviii NOps0oK oOCayHcusanus nemenmos dannvix. Korna ceppep cra-
HOBUTCSI CBOOOIHBIM, M B OUYEPEIM HAXOAUTCS HECKOJIBKO 3JICMEHTOB JIAHHBIX, HE00XO-
JIMIMO OTPEICTUTh TIPaBUIIa, B COOTBETCTBUH C KOTOPBIMH OMPEIEISIETCS JIEMEHT JaH-
HBIX, BBIOMPAEMBbIil cepBepoM J1jisi 00padboTku. [Ipocreiimm npaBuiiom sBiseTcs: 00-
cnyxuBanue ouepeau no npunnuny FIFO (First In, First Out — mepBbiM mpwies,
NIEPBBIM | yI1ien). IpyruM BO3MOXKHBIM MPABUIIOM OOCITYKMBAHUSI OYEPEIN MOKET
obrte LIFO (Last In, First Out — mepBbIM mpuiien, nociaeaHuM yiien). Kpome toro,
Ha TIPAKTUKE TPUXOIUTCS UMEThH JIENIO C MOPSIAKOM OOCTYKMBaHUS, 0a3UPYIOITHMCS
Ha BpeMeHH oOcmykuBaHus. K coxkaneHnto, 00CTy)kuBaHUE OYepeId, OCHOBAHHOE Ha
BPEMCHHBIX TMapaMeTpax, JOCTATOYHO CIIOKHO U MOJICIMpOBaHMs. bomee oOmmm
CITydaeM SIBJISIETCS OOCITy)KUBaHUE O4YepeIy Ha OCHOBE MpropuTeToB. OHAKO, HIKE
paccMmaTpuBaeTCsi OCTYIUICHNE TTAaKeTOB C OAMHAKOBBIM IIPUOPUTETOM.

B Tabn. 1 mepedncieHsl Bce mapaMeTphl, ONpeIeeHHbIE Ha PUC. 2, a TaKkke J00aBIie-
HBI HOBBIC ITapaMeTphl, KOTOphIe OyIyT MCIIOIL30BAHbI Jajiee TIPU MPOBEACHUN pac-
YETOB, B TOM YHCJIE U JIJISI CHCTEM C MHOYKECTBOM CEPBEPOB.
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Ta6muna 1. Vcions3yeMbie mapameTpsl

CumBoJa |Onucanue

A CpenHss CKOpOCTh MOCTYIUICHHUS DJIEMEHTOB JJAHHBIX B CUCTEMY (UHUCIIO
AJIEMEHTOB B CEKYHY)
Ts Cpennee BpeMst 00CTyKUBaHUsI MOCTYIUBIINX SJIEMEHTOB (B CEKyHaX)

CTaHI[apTHOC OTKJIOHCHHC BO BPCMCHH O6CJIY)KI/IB3HI/I$[ QJICMCHTA (B CC-

YTunuzanus cepsepa npu 00CTyKUBAHUHU (1011 BDEMEHH, KOT1a CEPBEP

WNuTtencuBHOCTH Tpaduka (Dpi)

O6mee KOJINYCCTBO 2JICMCHTOB JAaHHBIX B CUCTCMC

BpeMﬂ, KOTOPOC 3JICMCHTBI JdHHBIX ITIPOBOJAT B CUCTCMC (B CCKYHI[&X)

P
U
Q CpCI[Hee KOJIMYCCTBO 3JICMCHTOB JAaHHBIX B CUCTCMC
T,
T, q

CpGIIHGG BPCM:1, KOTOPOC 3JICMCHTHI JAHHBIX IIPOBOAAT B CHCTCMC (B CC-

AN

Oq CraHgapTHOE OTKJIOHEHHE (
o7, CrangaptHoe oTKIOHEHUE T, (B CEKyHIaX)
Q CpenHee KOJIMUYECTBO 3JIEMEHTOB JIAHHBIX, O’KUIAIOIINX 00CTYKUBAHMUS B
ouepenu (pa3mep o4epein)
Te Cpennee Bpemsi, KOTOPOE SJIEMEHThI JAHHBIX OKUJAIOT 00CTy KUBaHUs (B
CEKYH/IaX)
Tyq Cpennee BpeMs OKUIaHMS 00CITY>KUBAHUS TSI SJIEMEHTOB JTAHHBIX,

HaXOAMBIIKXCS B 04epean (TO €CTh, HE BKJIIOYAsk JJIEMEHTHI, 1151 KOTO-
PBIX BpeMsi OkugaHusi paBHo 0)

O CTaHIapTHOE OTKJIOHEHHUE
N Uucrno cepBepoB
my(r) X MEHBIIIE WK paBHO My(r)B I mpoleHTax ciay4aes (IPUMEPHI CM. HHU-

Ha puc. 4,a nokaszana npocrasi MOJieJib, KOTOpast Oy/A€T UCIOJIb30BaHa HAMU B CITy-
Yyae HAJIMYMS B CUCTEME MHOXKECTBA CEPBEPOB, Pa3ACiSIOUIMX OJHY OOIIyH Oye-
penb. [Ipu mocTyniaeHun 3J€MEHTOB JJaHHBIX B TaKyl CHUCTEMY, €CJIM Ha JaHHBIHI
MOMEHT BPEMEHHU XOTs1 ObI OIMH CepBep CBOOOCH, DIIEMEHTHI JAHHBIX HEMEIJICHHO
HanpaBJsIOTCd Ha 3ToT cepBep. Ilpeamomnaraercs, 4To B cUCTeMe BCe cepBepa
UJCHTUYHBI. DTO 3HAYUT, YTO €CIIH JOCTYITHBI HECKOJIBKO CEPBEPOB, TO HE JeNacTcs
HUKAKUX pa3Iuuuid MEXIy cepBepaMM JJisi BbIOOpa TOro, KOTOphlid Oymer obpabda-
THIBATh OUEPETHON JIEMEHT JaHHBIX. MOXHO CKa3aTh, 4YTO BEPOSTHOCTH MOCTYTLIE-
HUS 5JIEMEHTOB JTaHHBIX JIJIsI OOCTY)KMBaHUS Ha pa3HbIe cepBepa oauHakoBa. Ecium
BCE cepBepa 3aHATHL, TO HaYMHAET (OpMUpOBaThCS ouepenb. Ouepens oHA IS
Bcex cepBepoB. [Ipy 0cBOOOXKAEHUM OAHOrO U3 CEPBEPOB OYEPE]b MOKUIAET 3Jle-
MEHT JaHHbBIX, BEHIOPAHHBIN B COOTBETCTBUU C YCTAHOBJICHHBIM MOPSIIKOM.

3a MCKIIIOYEHHEM MapaMeTpa YTHIM3alUU CEpBEPOB, BCE OCTAJIbHBIE MapaMeTphl,
npuUBEJCHHBIE B Ta0d. 1, COOTBETCTBYIOT CUTYyallUH, MOKa3aHHOW Ha puc. 2. Ecnu B
cucteme N HJIEHTUYHBIX CEPBEPOB, a p 0003HAYAET YTUIM3ALMIO KXKIO0T0 CepBepa, TO
MOYKHO paccMaTpuBaTh Np KakK YTUIM3ALHUIO BCEH CUCTEMBL. DTOT MOKa3aTellb 4acTo
paccMaTpuBalOT KaK MHTEHCUBHOCTH Tpaduka (B Tabm. 1 o003HaYeHa CMMBOJIOM U)
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WIM UHTEHCUBHOCTb PaboThl cucTeMbl. ClieoBaTeNbHO, TEOPETHUECKAas MaKCUMAaIIb-
Hasl yTWIM3alus Takoi cucteMmsl (ipu p = 1) Oynet paBHa N. MakcumainbsHast CKo-
POCTh TIOCTYIUICHHS 3JIEMEHTOB JAaHHBIX B TaKyl0 CHCTEMY OYAET ONpPEIeTsIThCS IO
dbopmye:
1 N
max TS'

B ciyuae MHOeCTBa UACHTUYHBIX CEPBEPOB BHIOOP OIMPEAETIECHHOTO cepBepa i 00-
CITy>)KUBaHUSI OTIPENICIICHHOTO JIEMEHTA TAHHBIX HE BIUSET HAa BPpeMsl 0OCITyKUBAHU.
Ha puc.4,6 mokazaHa CTpyKTypa ¢ OpraHM3alyell HECKOJIBKUX odepeneit At MHO-
KeCTBa cepBepoB. Takoe M3MEHEHUE CTPYKTYPHOU CXEMBI B 3HAYUTEIILHOW CTETICHH
BJIMSIET HA MPOU3BOIUTEIBHOCTDH BCEH CUCTEMBI B LIEJIOM.

a)

o MN s
MEEAAL CHHLAHHA ‘>|? L'Chpnep ;2"‘ "
e I“Etl ]fe: ”l-- %ﬁ ﬂam

ridad

3,  CPOAHAR CXOPOCTS - _ ;

POCTYTINGHWA o
AN ....p&ﬂa B jio -#mﬂ g _ |
G-

6)

1»‘.4‘5’ 1:

Ir,

___’.
), = CPBAHARA CXOPOCTH
NOCTYRNBHUS

AIN

na R e
=l I l 81

il P

Puc. 4. Paznuuneie cxembl opranu3annu ouepenu k N cepsepam

Hckomble mapaMeTpbl MOKHO BBIYUCIIUTH C TIOMOILBIO HECKOJIBKUX HECIOXKHBIX (op-
MyJ1, IEpEYUCICHHBIX B Ta0. 2. Takue GpopMysbl MOTYT OBITh UCIIOJIB30BAHBI JIS BbI-
YUCJIEHUS] KQUECTBEHHBIX U KOJMYECTBEHHBIX XAPAKTEPUCTUK CUCTEM C OYEPEIsIMH,
MIPEICTaBICHHBIX Ha puc. 2 u puc. 4. Ciaenyer NOOYEPKHYTh, YTO BBIYHMCICHUS C
npUMEHEHHEM 3TUX (GOpMYI HOCAT MPUOIIMKEHHBIN XapakTep.

Tabmuria 2. @opmyIbl 15 paciera napaMeTpoB CUCTEM C OUepesIMA

OcHoBHBIE OnauH cepBep MHoxkecTBO cepBepoB
AT,
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w = AT, q=w+p w=w+N,
Ty =Ty +Ts u = ATs = pN

Ot HopMyIIBI MOTYT OBITh MOJE3HBI JJIs1 BHIYUCICHHUS HEKOTOPBIX apaMETPOB TPH
«UHTYUTUBHOMY BBIOOpE CTPYKTYphI cucTeMsl. [yt momydenust popmynst p = ATs jgo-
CTaTOYHO 3aMETUTh, YTO JJIsI CKOPOCTH TIOCTYIICHUS SJIEMEHTOB JAaHHBIX A, CpeIHEe
BpeMsl MEXAY MOCTYIJICHUSIMU 3JIEMEHTOB Oy/ET ONpeNeNsThCs BhIpakeHueMm 1 =
1/A. Ecnu unTepBani BpeMeHu | MEHbIIIe MHTEpBajia BpeMeHH s, TO MOKHO OyJIeT 3a-
nmucath Is /T = ATs. AHaNOTUYHBIE PACCYXKACHUS MOIXOAAT U B CIy4ae CO MHOXEC-
TBOM cepBepoB: p = (ATs) /N (B 1aHHOM cilydae p — 3TO YTHIM3AIHsI OJHOTO CepBe-
pa).
PaccMOTprM MOMEHT BpeMEHHU MpPUXOJa OUEpEeJHOro 3jeMeHTa AaHHbIX. [Ipu mo-
CTYIUIEHUH 3TOTO 3JIEMEHTA B CUCTEMY B OUYEPEIN HAXOJIUTCS B CPETHEM (O FJIEMEHTOB
JTAHHBIX, KOTOPBIE OKUIAIOT 00CTyKMBaHUsA. B MOMEHT, KOTJja 3TOT 3JIEMEHT MOKH/1a-
€T ouepeb sl 0OCITYKUBaHUS, OH OCTABIISIET MOCIIE ce0sl TAKOE K€ CpeHEe KOJIH-
YECTBO IEMEHTOB B O4epenr (Ha TO OHO U CPEIHEE KOJIMYECTBO, YTO HE MEHSETCS).
Cpennee Bpemsi, KOTOPOE 3JIEMEHT KJIET CBOEH odepenn A0 OOCITy>KUBAaHUs, PABHO T s.
A Tak Kak 3JI€eMEHTHI MTOCTYMAOT B OYEPEb CO CKOPOCTHIO A, TO MOKHO YTBEPKAATh,
YTO 32 MPOMEXKYTOK BPEMEHH T, JOJDKHO MOCTYNUTH AT, 31ME€MEHTOB AaHHbIX. Creno-
BaTebHO, ® = AT, Paccyxnas aHanorn4Ho, MOXKHO 3aKJIFOUUTh, UTO ( = ATy,
W13 1abi. 2 BUAHO, 4TO BpEMsi, KOTOPOE AJIEMEHT JJAaHHBIX HAXOJIUTCS B CUCTEME, PABHO
CyMME BPEMEHH OKUIAHWSI OOCITY>KUBAaHHSI M BPEMEHH caMoro oOciykuBanusi. Ha
7110001 MOMEHT BPEMEHH KOJIMUECTBO AJIEMEHTOB BO BCEHl CHCTEME paBHO CyMME KO-
JMYECTBA 3JIEMEHTOB, OXKUIAIOIINX OOCITY>KUBaHUS, U KOJMYECTBA SJIEMEHTOB, KO-
TOpbIE y’Ke 00CITyKuBaroTcs. 11 OTHOTO cepBepa Cpe/lHee YUCIIO 3JIEMEHTOB, KOTO-
pble 00CITY’KHBAIOTCS B JaHHBI MOMEHT BpEMEHH, paBHO p. ClienoBaTeNbHo, = @ + p
JUISL OJHOTO cepBepa. AHAJIOTMYHO, ( = ® + Np, eciu paccmaTpuBaTh ciiydaid ¢ N
CEepBEPaMH.
OcHoBHas 3a/a4a MpH MPOBEACHUM aHAIM3a Ovepe/ied 3aKIHYaeTcsl B MOyYEeHUH
cieayrolieit nHbopMaluu:

O CKOPOCTh MOCTYIUICHUS 3JIEMEHTOB JJAHHBIX B OUEPE/Ib;

O BpeMsi 0OCITYKMBaHMsI 3TUX AJIEMEHTOB HA CEPBEPE HA BXOJIE B CUCTEMY;

O oO11iee KOJIMYECTBO OYKUIAIOIIUX 3JIEMEHTOB;

O BpeMsl 0KHJIaHUs SJIEMEHTOB B CUCTEME.
[Tpu 3TOM Ba)XHO 3HATH CPEIHUE 3HAYCHHUS 3TUX MApaMETPOB U JMANa30H HUX U3-
MeHeHui. CreoBaTeNbHO, OOJBIIOE 3HAYEHUE TPH aHAIU3€ Ouepeiell MMeeT 3HaHHUe
CTaH/JIAapPTHBIX (CPEIHEKBAAPATUYHBIX) OTKJIOHEHUM KaXJI0TO U3 MEPEeYUCICHHBIX Ma-
pPaMeTpOB; 9TU OTKIIOHEHHUsI 0003HAYAKOTCSA Gg, O, O U 0T, -
JInst aHanM3a CUCTEM WM OTZENbHBIX MOYJEH CETEBBIX YCTPOWCTB MOTYT OBIThH TO-
JIe3Hbl U Ipyrue nokaszarenu. Hanpumep, npu BeIYUCIEHUH pa3MepoB OydepHoil na-
MSITH JJIS MOCTa WJIM MYJIBTUILIEKCOpA, MPEAHA3HAYEHHOT'O Il TOrO WJIM WHOTO Cer-
MEHTa PbIHKA, €r0 MPOM3BOJUTEISIM MOTYT MOTPeOOBAThCS JaHHBIE O pa3mepe Oy-
depa, mpu KOTOPOM BEPOSTHOCTH €ro TIEpEnoHEHMs OyIeT MeHbIie, nomyctim, 0.001.
Jln1st oTBETa Ha 3TH BOMPOCHI, B OCHOBHOM, HEOOXOAMMO 3HAThH 3aKOH U3MEHEHUSI CKO-
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POCTH MOCTYIUIEHUS 3JIEMEHTOB JIaHHBIX B CUCTEMY U 3aKOH paclpeeieHHs] BDEMEHU
00CITyXKMBaHUS AJIEMEHTOB JITAaHHBIX cepBepoM. ClenyeT OTMETHTh, UTO, AaXe HUMes
3TU JJAHHBIE, OYEHb HEMPOCTO MOJIYUYHUTh PE3YJbTaT 3JEMEHTApPHBIMA METOAAMH, TaK
KaK UCXOJHbIC (OPMYIIBI AJI BRIYUCICHUN TOCTATOYHO CIIOXKHBI. JlJ1 TOrO YTOOBI
YIIPOCTUTH MPOLECC BBIYHUCICHUN, HEOOXOAUMO CJIENaTh HEKOTOPBIE €CTECTBEHHBIE
nomyiienusi. Hanbonee BaxkHOE M3 3TUX JIOMYIICHUN 3aKIIOYAETCS B TOM, YTO U3-
MEHEHHE CKOPOCTH MOCTYIIEHUS 3JIEMEHTOB JAHHBIX MOMUHUHSETCS 3aKoHYy Ilyacco-
Ha. Jlyis1 npuMeHUMocTH 3akoHa [lyaccona HeOOXOUMBI TPU YCIIOBUS MPOCTEHINIEro
MOTOKA: CTAIIMIOHAPHOCTh, OPAUHAPHOCTh, OTCYTCTBUE MOCIEACUCTBHSL.

[Tpu coGmoaeHnN 3TUX YCIOBUM BEPOSITHOCTH MOCTYIUICHUS JI€MEHTA JAHHBIX MOJ-
yuHsieTcs 3akoHy [lyaccoHa, KOTOpBI OMUCHIBACTCS CieIytomien (opMyIioit:

e"“(lt)i

Pi(t) = TR

rae P;(t) —BeposATHOCTH MOCTYIUICHUSI POBHO | BBI30OBOB 3a BpeMms t; 4 — CKOpOCTh
NIOCTYIUIEHUS BBI30BOB.

3akoH IlyaccoHa 4acTo MCHONB3YETCS B PA3IMYHBIX MPWIOKEHUSAX TEOPHH BEPO-
ATHOCTHU U CTaTUCTUKU. Ero npenMyIecTBoM sIBISIETCS MPOCTOTa MOTy4aeMbIX (op-
mya. [IpakTudecku Bcerna, Korjaa rnocieoBaTelIbHOCTh KaKUX-JIH00 COOBITUH pa3-
JIeJIeHa CIyYailHbIMM MHTEPBAJAMH BPEMEHHM W CIIPaBEIUIMBBI TPU IEPEUMCICHHBIC
BBILLIE YCJIOBUS, TO, C HEKOTOPBIM MPUOIMKEHUEM, MOKHO HCIIOJIB30BAThH ITyaCCOHOB-
CKHI 3aKOH.

JIJ1 IpOIOIKUTENBHOCTH OOCITY>KUBAHUS JIEMEHTOB Ha CEpBEPE OOBIYHO HCIIOJIB3Y-
eTcs 3aKOH MHTEPBAJIOB WJIM SKCIIOHEHIIMAIbHBIN 3aKOH. /[ mOATBEp ACHUS 3TOrO
3aKOHA MCHOJb3YeTCsl OOJIbIIOE KOJIMYECTBO MPOJOJIKUTEIILHOCTEH BPEMEH 00CIy-
*uBaHus. PaccmoTpuM npumep ¢ ucnons3zoBanreM 1000 mpoIonKUTeTbHOCTEN Bpe-
MeH 00CTyXKHBaHUs (KaKIbld MpoMeKyTOK U3 310l 1000 oTimyaercs mo BpeMEHH).
Takoe KOIMYeCTBO MPOIOIDKUTEIBHOCTEN MMO3BOJISIET MMOBBICUTH TOYHOCTH BBIYHCIIE-
HU. J[7151 yripoleHus: pacueToB MHTEPBaIbl BPEMEHU OOCITYKUBAHUS TPYHIIUPYIOTCSL.
Hanpumep: nepBast rpynmna ¢ BpeMeHaMy OOCITy>KUBaHUS, JIEKALIMMU B IPOMEXKYTKE
Bpemenu ot 0 110 15 ¢, cnemyroriasi rpymnmna ¢ BpeMeHaMu 00CTyKUBaHUS, JISKAIIUMU
B poMexKyTKe BpemeHu oT 15 no 30 ¢, cnenyronas — ot 30 o 45 ¢ u 1. 1. [Ipuse-
JIeM TaOJUILy, MOSICHSIOLIYIO CMBICI CKa3aHHOTO (Taoi. 3).

J1s ipoBeieHusI OLIEHKH CUCTEMBI MOKHO OTIPENIEIUTh MMapaMeTp, XapaKTepU3YIOLIHii
MHTEHCUBHOCTh pa0OThl CUCTeMBI. Tak Kak paccMaTpUBAIOTCSI CPEIHUE BEJTUYMHBI,
B)XHO, YTOObI MHTEHCUBHOCTh TMOCTYIUICHHS SJIEMEHTOB JTAHHBIX HE MPEBOCXOJMIIA
IPOITYCKHOM CIIOCOOHOCTH CHCTEMBbI OOCITY)KHBaHUs, TO ecTh A < pN, nmm AlpN < 1.
JTa BeTMUMHA U OTPEIEIISIeT UHTEHCUBHOCTh PA0OThI CUCTEMBI.

Tabmnwmia 3. [Ipumep pacrpeneneHuss HHTEPBAJIOB OOCTYKHUBAHUS JTsI SKCITOHCHITH-
JIBHOTO 3aKOHA

CrpvIImpoBaHHbIE HHTEPBAJIBI BDEMEHH

0-15 202

15-30 167
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30—45 127
45— 60 102
60 — 75 82
75-90 65
90 —105 52
105 —120 42
120 — 135 34
135 —150 26
150 — 165 21
165 — 180 17
180 — 195 14
195 — 210 11
210 — 225 8
225 — 240 {
240 — 255 6
255 —270 4
270 — 285 3
285 — 300 3
>300 11

CymecTByIoT Kiaaccudeckue (hopMysibl, KOTOpbIE OBUTM BBIBEICHBI JATCKUM HHXKE-
HEPOM DPJIAHTOM TPH MPOBEICHUH UM aHAIMTHYECKOTO U3YUYECHHUS Ouepeieid. DpiaHT
u3yyall ouepeid MPUMEHHUTENLHO K padote TenegoHHoM ceTr. COCTaBIICHBI CIIeIalTb-
HbIE TAOJMIIBI, C TTIOMOIIBIO KOTOPBIX MOKHO OTPEEIUTh Psijl TApaMeTPOB JJIsl CHCTe-
MBI ¢ ouepensiMu. Hampumep, MOKHO OMpeAeuTh CpelHee BpeMsi OXKHIaHUS dJie-
MEHTOB B ouepear Kak (DYHKIIMIO MHTEHCUBHOCTH OOCTYKHBAHUS, YPOBHS YTUIIM3A-
IIUU U KOJINYECTBA CEPBEPOB.
Jlis 00001IeHnsT BceX BO3MOXKHBIX (MJIM TOYHEE, BCEX BEPOSATHBIX) CIy4aeB opra-
HU3AIMHA CHCTEMBI C OYePEIIMHU, K KOTOPHIM MPUMEHUMBI PACCMOTPEHHBIC BBIIIIE JI0-
myieHust, ObUT pa3padoTaH ynoOHbIN noaxon — Hotanust Kennanna. Bee Takue cucre-
MBI MOYKHO Pa3JIeITUTh, HCXOIS M3 MPUMEHSIEMBIX 3aKOHOB pacrpeIeeHNs BpeMeH 00-
CITy’)KUBaHUS W TIOCTYIICHUS B cuctemy. CrucreMa (B TOM acIieKTe, KOTOPBIM MBI
paccMmarpuBaeM) MOKeT ObITh onpeneneHa Tpoikoi X/Y/N, rae X — 3To 3akoH pac-
NIPEICIICHUS] BPEMCHH TTOCTYIIICHUS 3JIEMEHTOB JaHHBIX B CUCTEMY; Y — 3aKOH pac-
NIpeIeTICHUST BPEMEHU OOCTYKMBAaHUS JIEMEHTOB JaHHBIX cepBepoM U N — umcio
cepBepoB. Il paccMaTprBaeMbIX 37IECh CHCTEM XapaKTEPHBI CICAYIOIINE BO3MOXK-
HBIC 3aKOHBI pacrpe/iesieHus (HIKe TakKe YKa3aHbl OYKBbBI, KOTOPHIMUA 0003HAYAIOT-
Csl 9TH 3aKOHBI):

0 G — IpOM3BOIBHOE pacrpeielieHue BpeMEHH TIOCTYIUICHHS MITH BPEMEHU 00-
CITy’KUBaHHMS DJIEMCHTOB JJAHHBIX;

0 M — TIyaCcCOHOBCKOE pacIipe/ielieHue BPEMEHH TOCTYIUICHUS; ITyaCCOHOBCKOE
WA SKCITIOHCHITMAILHOE PacClpeieiiCHUe BPEMEHH OOCTY)KMBAHUS 3JICMECHTOB JaH-
HBIX;

0D — nerepMUHUpPOBAaHHOE BpeMsl MOCTYIUICHUS WM BpeMs OOCTYXUBaHMS
AJIIEMEHTOB JIAHHBIX.
CrnenoBarenbHO, Mozienb M/M/I onpenenser CUCTEMY C OJHUM CEPBEPOM, ITyacco-
HOBCKHMM paclpe/ie]IeHUEM BPEMEHHU TMOCTYIUICHUS! JIEMEHTOB JaHHBIX B CUCTEMY U
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9KCIIOHCHIIHNAJIbHBIM BPEMCHEM O6CJ'Iy>KI/IBaHI/I$I 9JICMCHTOB Ha CCPBCPC.

4. Cucrema ¢ OIHUM CepBEPOM

B miepBoM cTosbne Tabi. 4 mokazaHbl (GOPMYIIBI ISl ONPEICIICHNs] HEKOTOPBIX Tapa-
METPOB CHCTEMBI C OJTHUM cepBepoM, KoTopas momauunsercs moaean M/G/1. B co-
OTBETCTBHH C 3TOM MOJEIBIO CKOPOCTh TOCTYIUICHHS 3JCMEHTOB JaHHBIX IOJYH-
HSIETCS TTyaCCOHOBCKOMY 3aKOHY, a BpeMsl OOCIY)KMBaHUS — TPOU3BOJIEHOMY pac-
npeaeneHuro. Vcrnons3oBanne MacmTadupyromiero ko3hduimenTa A B 3SHAYNTSITLHOM
Mepe yrnporaeT (GopMyItbl sl BBIMUCICHHUS] OCHOBHBIX BBIXOJHBIX MapameTpoB. Crre-
JyeT y4ecTb, 4TO K03(ppUIMeHT MacirabupoBaHus 3aBUCUT TOJIBKO OT OTHOIICHHS
CTaH/IapTHOTO (CPEITHEKBAIPATHYHOT0) OTKIIOHEHHSI BPEMEHU OOCITYKHBAHUS K CPEI-
HEMY BpeMeHU oOciyxuBaHus (cM. Gopmyny). [lpu sTom He TpebyeTcs HMKaKou
Npyroit HHPOpPMAITIH 0 BPEMEHU 00CTYKUBAHUSI.

Jlpyrue nBa ciydas, pa3oOpaHHbie B Tabi. 4, 3T0 — MOJIEINb C pacipeeieHIeM Bpe-
MCHU OXKUJIAHHS IO ITyaCCOHOBCKOMY 3aKOHY, a BPEMEHH OOCIYXHMBaHHS IO JK-
CIIOHCHIIMANIBHOMY 3akoHy (M/MI/1, BTopoi cTomOel) U MOJelb, B KOTOPOH BpeMs
OOCITy)KUBaHHsI BCEX ODJIEMCHTOB OJIMHAKOBO (@ 3HAYWT, OTKIOHCHHE BPEMCHHU
OOCITy’)KUBaHUsI PaBHO HYJII0), a BpPEeMs IOCTYIUICHUS D3JCMCHTOB IOJIYUHSACTCS
nyaccoHoBckomy 3akoHy (M/D/1, tpetnii ctonben B Tadma. 4). Kak MbI y)ke oTMe-
YaJId, BEIYHUCICHUS TIPH ITOMOIIU 3THX (OPMYIT HOCAT MPHOJIMKSHHBIN XapakTep,
HO JUTSI PAKTUIECKOTO MMPUMEHEHUS UX TOYHOCTH BIIOJTHE IOCTATOYHO.

Tabnuia 4. opmybl 11 onpeAeTIeHHsI TapaMETPOB CUCTEMBI C OJJHUM CEPBEPOM

Mopens ¢ mpor3BOIBHBIM pactpe/ie- Mogenp ¢ TOCTOSSHHBIM
Mojzienb ¢ 3KCTIOHEHIMATBHBIM pacpese-
JICHUEM BPpEMCHHU O6CHy>KI/IBaHI/I}I JCHAEM BDEMEHH 06TV IKHBARHS (M M /1) BpEMCHEM O6CJ'Iy>KI/IBaHI/I${
(M/G/1) P y (M/D/1)
1 o1\ 2 p p? p?
A==|1+ (—S) = LW = =0
2[ T, ] 115 Y715, Ta-p
2 2
p-A Ts pT;s P
— T, = ; T K = L N
1=0+7C TT1-p" Y 1-p T 2a-p
_ p*A T _TL2—p)
1-p a1, T 1) 7 1(1-p)
pT:A pTs
T =T = =(1-—- N T =2
q s+1_p Pr[Q =N]=(1-p)p © = 1(1-p)
pT,A N 1 3p? 5p?
T, = —— <N] = Z - - 2P 2P
©=1_, Pr[Q < N] . 1-=pp %=1, p+—+—
=1
~(1- s |p p?
PrlQ<tl =1—e G-PUT = L=
[Q =t] =15 3712
_ 100
mTq(r) = qun100 e
—T1 100
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[IpakTKa NOKAa3bIBAET, YTO HAUXYALIYIO IPOU3BOAUTEIBHOCTH JIEMOHCTPUPYET
CUCTEMA C SKCIOHECHIHAIBHBIM PpACIPEICICHUEM BpPEMEHH OOCIYy)XKMBaHUA, a
HaWJIY4YlIyl0 MPOU3BOAUTEIBHOCTh — CHCTEMA C IOCTOSIHHBIM BPEMEHEM O0CIy-
KUBaHUS (YTO, BIIPOYEM, HEYAUBHUTENHHO). [109TOMY OOBIUHO MOXKHO paccMaTpH-
BaTh CHCTEMY C SKCIIOHEHLHAJIbHBIM PACIPECICHUEM BpPEMEHU OOCITyKUBaHUS,
KAaK CHUCTEMY C XyALIMMU ITapaMETPaMH.

5. Cucrema ¢ HeCKOJIbKHUMH cepBepamMu

B Tabn. 5 mpuBeneHs! GopMyIbl U ONPEeTICHNs OCHOBHBIX MTapaMeTPOB B CITydac
PabOTHI ¢ CHCTEMOM CO MHOXKECTBOM CEPBEPOB. ITH (POPMYITHI IPUMEHUMBI TOJIBKO JIJIST
ciydas ucnoib3oBanus moaein M/M/N. To ectp mpenmnosaraercst yacCOHOBCKHIA
XapakTep paclpesiesieHUs] KOJMYECTBA MOCTYMAIOIINX JIEMEHTOB JITaHHBIX M SKCIIOHEH-
UAJIbHBIA XapaKTep BpeMEHHU OOCITyKUBAHUS 3TUX AJIEMEHTOB. Bo Bcex BbIpaXeHUsIX
ucnonb3yercs QyHkims Jpnanra - C, KoTopasi, B OJHUX CIy4asX, ONpeAessieT Bepo-
ATHOCTB TOTO, YTO BCE CEPBEPA 3aHATHI B ONPEIACTICHHBIA MOMEHT BPEMEHH, a B IPYTUX
CIy4asiX — BEPOSITHOCTh TOTO, YTO KOJIMYECTBO HJIEMEHTOB JTAHHBIX, HAXOSIIUXCS B
JTAHHBIA MOMEHT BPEMEHH B CHCTeME (OKHAAIONIMX B OUYEpelr WM OOCTyKHBaro-
mxcsi), OyeT OoJIbIle WM paBHO KOJIMYECTBY CEPBEPOB. J{JIs1 BBIYMCIIEHUS (PYHKIIMH
C npuMeHnMa creayronas popmya:

1-K

1-pK’
rine K — xoadduiimeHT myaccoHOBCKOTO pacrpeieieHusl.
3HaueHHe 3TON (PYHKIIMHU 3aBUCHT OT KosmuecTBa cepepoB (N) 1 ux yTunusarmu (p).
OyHk1MI0 DpriaHra NPUXOAUTCS YacTO MPUMEHATH MPU pacueTe ouepesiel, 4To 3Ha-
YUTENTPHO YCIIOKHSET BhIYMCIeHHs. CreayeT OTMETUTb, YTO JISi CUCTEMBI C OJHUM
CEpBEpPOM 3Ta (PYHKIIMS 3HAYUTENbHO ympoiaercs. A umenHo: C = (1, u) = p. Takoe

YIIPOIIIEHUE KaK pa3 W MO3BOJISET JJI1 CUCTEMBI C OJTHAM CEPBEPOM IOTYYUThH KpacH-
BbI€ 3aKOHYEHHbIE (hopMYyIIbI (TA0. 5).

C(N,u) =

Ta6nuna 5. opMybl 1151 onpeieSIeHHs TapaMeTPOB CUCTEMbI CO MHOXKECTBO
CEpBEPOB

(Np)l (Np)' 1
K= Z /Z T %=m\/CP(1+P—CP)

q= C1’+,0+ Np PT'[Tw — t] — Ce—N(l—p)t/Tq
C T T,
197 N1-— s T N1 -p)
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o1 T, 100C

=ﬁ¢c<z_c)+wz(1_p)z ™o =N —p) " 1007

Paccmotpennas Teopusi odepeneld 10cTaTOYHO IPPEKTUBHO MOXKET OBITh UCTIONb-
30BaHa Ha TIPAKTHKE B Pa3IMYHBIX CUTYaIHsX.

6. IlpuMep npakTHYeCKOro NPUMEHEHUsI TEOPHHU OYepeeii.

PaccMmoTpuM J0KaIbHYIO CETh, UMEIONTYIO B cBoeM cocTaBe 100 pabouux cras-
it 1 ouH cepep (N = 1), koTopsiii 00CTy)KUBaeT 00IIyto 6a3y naHHbIX. CpenHee
BpeMst 0TBeTa ceppepa Ha 3arnpoc — 0.6 ¢. CTaHmapTHOE OTKIOHEHHE 3TOT0 BPEMEHU
takxe paBHo 0.6 c. B mukoBble mepuojpl pabOThl JOKAIBHOW CETH CKOPOCThH IIO-
CTYILJIEHUS 3allpOCOB K CEpBEPY AOCTUraeT 3HaueHus 20 3a1pocoB B MUHYTY.
OTBETUM HA CIEYIOIIME BOIIPOCHL:

0 YeMy paBHO cpeliHEe BpeMs OTBETA cepBepa?

0 Ecnu Bpems oTBeTa, paBHOE 1.5 ¢, paccMaTpuBaeTCsl KaKk MaKCUMAIIBHO TIPU-
eMJIEMOE, TO HACKOJbKO MOXKET BBIPACTH MPOLEHT 3arpy3Kd 0 JOCTHXKEHHUS Ha-
CBILIIEHUSI cepBepa?

0 Eciin oxupaercs, ckaxeM, 20-IpOLEHTHOE YBEJIIMYCHUE YTUIM3ALMNA CEpBE-
pa, TO HACKOJIbKO yBenuuuTcs Bpems orBera (Ha 20 %, 6onbine yem 20 %, meHblie
yem 20 %)?

[IpenmosnoxxuMm, 9TO B paccCMaTpUBaEMOM CUTYyaIlu puMeHuma monenb M/M/1. by-
JIEM WUTHOPUPOBATH 3a/ICP’KKH, BHOCUMBIC CETHIO, TOJarasi, YTo 3aJepKKU B HEH
MO>KHO HE IPUHUMATh B pacuer.
Bbraucnim HekoTopblie TapameTphl cety. CHavaia HaiiieM HHTEHCHBHOCTD ITOCTYTLIe-
HUSI BBI3OBOB A
A = 20 nocmynnenuii 6 munymy = 20/60 nocmynienuti 6 cexynoy = 113 nocmynie-
HULL 8 CEKYHO).
YTunuszamus cepBepa BeIUUCIsETCS 1Mo (hopMmyie:
p = ATs = (1/3 nocmynnenuii 8 cexynoy) (0.6 cexyno na obcnyscusanue) = 0.2.
Boruncnum cpenee BpeMst OTBeTa (0KUAaHKE + 00CITy>KUBAHUE ):
Tq=Td(1-p)=0.6/(1-0.2)=0.75c.
Ha BTOpO# BOMpPOC OHO3HAYHO OTBETHUTH CIOXKHO, TAK KaK CYIIECTBYET HEHYJIEBas
BEPOSATHOCTH TOTO, YTO B HEKOTOPBIX CITydasx BpeMsi OTBETa cepBepa OyeT mpeBbI-
matk 1.5 c¢. [ToaToMy MOXHO mpennonaoxuTh, 9uto B 90 % oTBEeTHI cepBepa OyayT na-
HBI MeHee ueM 3a 1.5 c. Ecnu cnenaTth Takoe JOMmyIeHne, TO Mbl CMOYKEM BOCIIOJNB30-
BaThCs OPMYIIOM U3 BTOPOTO CTOJIONA B Ta0I. 4:
mr, (r) = T;In(100/(100 — 1))
[lomyuaem:
mTq(90) = T,In(10) = 2.3T, = 2.3T;/(1—p) = 1.5c.
VYuutsBasd, uto Ts = 0.6 ¢, noiry4aeM [y JaHHOTO Cilydas YTHWIN3aLUIO cepBepa p -
0.08, To ectsb 8 %. UTak, MOKHO CcKa3aTh, YTO MPU U3MEHEHHUH 3arPy>KEHHOCTH Cep-
Bepa B quana3oHe ot 8 % 10 20 % (cM. BbIIIe) BpeMs OTBeTa cepBepa OyaeT MeHee
1.5 ¢ B 90 % ciyuaes.
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B 3akirodeHue onpenenuM 3aBUCUMOCTb MEXKTy BO3PACTAaHHEM HArpy3Kd M YBEJH-
YeHHEM BpeMEHHM OTBeTa. Bpems oTBeta OyeT yBeIMunBaThCsl HECKOIBKO MeJJICHHEE,
yeM yTwin3auus. J[efCTBUTENbHO, B HAILIEM CIIy4ae, €CIM YTUJIU3ALUs CepBeEpa BO3-
pocna ¢ 20% no 40 %, To 3Hauenue T4 uamenurcs ot 0.75 ¢ o 1.0 ¢ (kak HETPyIHO
MOJICYMTATh), UTO O3HAUaeT yBenuueHue Ha 33.3 %. OxnHako, mpu NpuOIMKEHUH P
K €IMHUIIE 3HaUCHUE ¢ HAYMHAET Pe3KO BO3pacTaTh, YCTPEMIISISICh K OECKOHEYHO-
CTH 3a CUET BO3PACTAHUU JI0 OECKOHEUHOCTH JJIMHBI OYEPE/IH.
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