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HNCCIIEJOBAHUE CTATUCTHYECKHUX TAPAMETPOB
MNEPEJAYUN MTAKETOB C JAHHBIMHU HTTP

BrImnoNHEHO HCClIeIOBAaHUE MOMYYCHHBIX B XOJIC IKCIICPUMEHTA BBIOOPOK MEXKIa-
KETHBIX MHTEPBaJIOB W JUIMH maketoB ¢ HTTP-3ampocamu u HTTP-oTBeTamu ¢ 1iebio
onpeesicHus Haubosiee MOAXOAMNIMX PACIPEICICHHNA IOTHOCTH BEPOSITHOCTH, KOTO-
pble MOTYT OBITh KCIOJIB30BaHbI MPH MOJACIMPOBAHHU MPOIECCOB B KOMIBEOTECPHBIX
CeTsX.

Experimental research of samples of the interpacket intervals and lengths for HTTP-
queries and HTTP-replies is carried out with the purpose of definition of the most
approaching probability density distributions which can be used for processes
simulation in computer networks.

B nacrosimee BpeMs I0OCTaTOYHO PaclpOCTPAaHEHHBIM SIBIISIETCS MPUMEHe-
HHE CIEUHAIM3UPOBAHHBIX MPOTPAMMHBIX CHUCTEM JUIS MOJICIMPOBAHMS IPO-
LIECCOB, MTPOMCXOASAIINX IIPH Mepeaade JaHHBIX B KOMIBIOTEPHBIX ceTsx [1, 2].
[Ipu MonenmupoBaHWH aKTHBHO HCIONB3YIOTCS CTaHAAPTHBIC PaCHpelclCHHS
BEPOSATHOCTH, HANPHUMEp, A 3aJaHUS BPEMEH MEXIY ITOCIIEeIOBATEIBHO BBI-
CBhUIaEMBIMHU B CETh IaKeTaMH, pa3Mepa I1akeToB U T.J. Bonpockl, cBsi3aHHBIE C
BEIOOPOM ONPEIENIEHHOTO PAaCHpE/IEEHHs] BEPOSITHOCTH B Ka4e€CTBE BXOIHOTO
TIPH MOJISIIMPOBAHUH TeX JIMOO HWHBIX IPOILECCOB, SIBITIOTCS aKTyallbHBIMH,
MTOCKOJIBKY HETIOCPEACTBEHHO BIMAIOT Ha PE3yIbTATH MOICIUPOBAHUS.

Ienbto maHHOM pabOTHI SABJISIETCSA OINpPEASICHHE HanOOJIee MOIXOMSIIIX
pacripeziesIeH!ii MII0THOCTH BEPOSTHOCTHU JJIsl COOPaHHBIX B X0OJI€ SKCIIEPHUMEH-
Ta Ha0OpPOB MEKMAKETHHIX UHTEPBAJIOB U [UIWH MAKETOB MPH MIepeaade TaHHBIX
B pamkax HTTP-ceanca Mexy KIMEHTOM U CEPBEPOM.

B kauecTBe KIMEHTa HCIOJB30BANCS KOMIBIOTEP C Mporpammoi Opayse-
POM, B KauecTBe cepBepa — IPOKCH-CEPBEP, Uepe3 KOTOPBIN IPOUCXOIHUT Mepe-
Jlada BCETrO BHEIIHEr0 MO OTHOIIEHWIO K JokampHOU cetn HTTP-tpaduka.
KimeHT BBICBITAN 3allpoCHl M TOJy4Yal OTBETHI B TeUeHHE MpUMepHO 124 ce-
kyHz ¢ 23-x HTTP-cepBepoB MuTepHeTa. CneqyeT OTMETUTH, 9TO KpOMe yKa-
3aHHOTO KJIMEHTA B JIOKAJBHOW CETH HaXOJMJIKCh U APYTHe KOMIIBIOTEPHI, O11-
HaKO CETEBYIO aKTHBHOCTH OHHU HE MPOSBIISLIN, 32 UCKIIOYEHUEM OTHOCHTEIILHO
PEeAKOH MHUPOKOBEIATEIFHON PACCHUIKH (OIS CITYKEOHBIX TTAKETOB COCTABHIIA
6,78% OT BCex 3aXBauCHHBIX MAKETOB). B TO K€ BpeMs MCCIEAYEMBIH KIHCHT
MIPOSIBIISUT aKTUBHOCTh, COOTBETCTBYIOLIYIO OOBIYHOW padoTe IMojb30BaTes B
Internet. [{nsa 3axBara maketoB HTTP-knueHTOM M perucrpanuu mapamMeTpoB
ceaHca WCIIONB30BalIach CBOOOIHO pacmpocTpaHseMas mporpaMmma aHalTu3aTop
cereBbIx mpotokonoB Wireshark v. 0.99.6a [3].
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Cienyer OTMETUTb, YTO U3 3axBaueHHbIX 1917 makeToB JOCTATOYHO OOJIb-
II0€ KOJIMYECTBO COCTaBJISIM CIIy>KEOHBbIE MAaKeThl, YCTaHABIMBAIOIINE U 3a-
BEpILAIONINE COCIUHEHHS Ha TPaHCHOPTHOM ypoBHe. Ilockonbky B cucremax
MOJIETUPOBAHMS PACTIPEICTICHUSI BXOAHBIX ITapaMEeTPOB OOBIMHO 33Jal0TCS Ha
mpuKIagHOM ypoBHeE [1, 2], Heo6xomaumo Owmio otnenuts HTTP-3ampockr u
otBeThl OT ciyxeOHbIx TCP-makeroB. KonnyecTBeHHBIE XapaKTEPUCTHKU 3a-
XBayeHHBIX MTAKETOB NPHUBEAEHBI B TaOiu. 1, a oTHocuTenbHas yactora HTTP-
3armpocoB 1 HTTP-otBeToB — Ha puc. 1. KomudecTBO OTBETOB NpEBHIMIACT
KOJIMYECTBO 3aIIPOCOB, MTOCKOJBKY €CIH COAEPKUMOE OTBETA MPEBBIIIACT Pa3-
MEp MaKCHMaJBHOTO mnepeHocuMoro kampom Ethernet Oioxa B 1500 Oaiir,
BBICBUTAIOTCSI HECKOIIBKO KaapoB ¢ conepkumMbiM omHoro HTTP-oteera [4].
KomnuectBo ciyxeonsix TCP-makeroB cpaBHnmo ¢ konmdgectBom HTTP-
3alpOCOB U OTBETOB.

Tab6n. 1. KonnyecTBeHHBIC XapaKTEPUCTUKHU BEIOOPKH

Oo6mee Bpems aktuBHOCcTH 2-X I1K, cex 123,94
OO0111€€ KOJIMYECTBO 3aXBaUYCHHBIX [TAKETOB 1917
KonmyecTBo makeToB TOJBKO MEXKAY KIMEHTOM H CEPBEPOM 1787
KonnyecTBo cityKeOHBIX IaKETOB 130
Komnuectso HTTP 3anpocoB 1 0TBETOB 887
KommuectBo cimyxebOupix TCP-akeToB 900
Kommuectso HTTP-3anpocor 123
Komuyectso HTTP-oTBeTOB 764

6,2

5.8
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Tun naketa: 5-HTTP-3anpoc;
B-HTTP-oTeeT
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Puc. 1. Omnocumenvras wacmoma HTTP-3anpocos u HTTP-omeemog
(6e3 cryocebnvix TCP-nakemos)

3Ha4YeHHs CTATUCTHYECKUX TapaMeTPOB JUIS SKCIIEPUMEHTAIBHBIX HA0OPOB
BpemeH Mexay HTTP-3anpocamu u Bpemen Mexnay HTTP-orBeramu, a Takxke
it e HTTP-3anpocoB u HTTP-otBeToB mpuBeneHsl B Ta0nl. 2 (BpeMeHa
U3MEPSIFOTCS B CEKYH/IAX, [UIMHBI [IAKETOB — B GaiiTax).
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Tabu1. 2. CTaTUCTHYECKHE MTapaMeTPhl SKCTIEPUMEHTATBHBIX JaHHBIX

om0 20 o |
IMapamerp HTTP- ny HTTP- HTTP- HTTP-
3ampocoB OTBETOB
3alnpocamMu OoTBETAMHU
Komuaectso 122 763 123 764
HCIIBITAHUN
Murimaibaoe 0,000048 | 0,000009 60 60
3HAYCHUC
Maxcnvanbroe 10,323789 | 8,849985 705 1514
3HAYCHHC
Sgeem‘ee SHAUC™ | 9992236 | 0,159238 | 430,7724 | 1230,556
Menana 0,265827 | 0,020460 459 1502
Jlncrepens 4703899 | 0510741 | 11272,91 | 237494,709
A 2,185818 4,488008 | 0,24647 0,39603
BapHaIun
ACHMMETpHS 3,066372 | 8812262 | -1,03401 | -1,4639203

[To 3HaYCHMSAM CTATHCTHUECKHX MapaMeTPOB MOXKHO BBIABHHYTH IPEAIIO-
JIOXKEHUsI OTHOCHUTENBHO CEMEHCTBA Haubosiee MOIAXOSIIUX paclpeleiIeHUH
IUIOTHOCTH BEPOSITHOCTH. Tak, ONM30CTh 3HAYEHUW CpPEJHEro W MeJIUaHbl s
e HTTP-3ampocoB u1 HTTP-0TBeTOB MOXeET yKa3blBaTh Ha CHMMETPUYHOE
pacripeziesienue (HanpuMmep, HOPMaJIbHOE). YUHUTBIBas, YTO JUIS 3KCIIOHCHIU-
AIBHOTO pacIpenesieHisi KodGUIUEeHT BapHaluy paBeH | Ui mo0bIX 3HaYe-
HUH MacmTabHOTo mapamerpa 3, MOKHO MPE/IIOJIOKHUTh, YTO BEPOSATHOCTD HU
OJIHOW M3 HaOJIIOJaeMBIX BEJIMYMH HE IOTYMHSACTCS STOMY pacipeeiaeHuo [5].
B T0 K€ BpeMsi NMEHHO 3KCIOHEHIMAIBHOE PacIpeelICeHHe PEKOMEHIYETCS B
Ka4yecTBE BXOJHOIO IPH MOJAEIMPOBAHMU BpPEMEH MEXIY IOCTYIUICHHSIMHU
3alpPOCOB B CHCTEMY, MPOMCXO/SIIMMH C MOCTOSHHOW MHTEHCHBHOCTBIO [6].
OcHOBBIBasiCh Ha IIOJIyYEHHBIX 3HAUCHHSAX ACHMMETPHH, MOXKHO IPEIII0JIO-
KHUTh, 4TO BpeMeHa Mexnay HTTP-3ampocamm m Bpemena mexay HTTP-
OTBETaMH MMEIOT CMEIIEHHYIO BIIPABO, & UX JUIMHBI — CMEIICHHYIO BJIEBO (op-
My pacrpeiesIeHHUs.

[ockonmbKy (opManbHOE OmIpeseNeHre COOTBETCTBHS CTAaHIAPTHBIX pac-
MIPEAETIEeHNH TUIOTHOCTH BEPOSTHOCTH 3KCIEPHUMEHTATBHBIM Ha0OpaM JaHHbBIX
IIpeArnoaracT BEIOOPOYHYI0 HE3aBHCUMOCTD JIaHHBIX, HEOOXOJMMO OBLIO OIl-
peIeuTh CTEeMeHb TaKoi He3aBUCHMOCTH [6]. Jlms 3TOro ObUTH MOCTPOCHBI
JarpamMMBbl pazdpoca HaOuoaeHuid Juist nap BpemeH Mexay HTTP-3anpocamu
u nap Bpemer mexay HTTP-orseramu (Puc. 2), a taxke mns map amua HTTP-
3anpocoB u map umH HTTP-otetos (Puc. 3).
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Puc. 3. Jluacpamma pazbpoca nabnooenuti ons nap onun HTTP-3anpocos (a)
u nap onurn HTTP-omsemos (6)

XapaxkTep paz0opoca AJisl MEKITAKETHBIX BPEMEH MO3BOJISAET 3aKIIOYHUTh, YTO
BEIOOpPOYHBIE JaHHBIE 00JIaJalOT OIPEAETICHHON CTENeHbI0 HE3aBUCHMOCTH,
XOT#, CyAs To TpaduKam, THITBI pacrpeneieHnii s BpemeH mexay HTTP-
3anpocamu ¥ BpemeH Mexnay HTTP-orBeramm momxHbl oTimyaTthes. Brroo-
pounsle nanHble st 1uuH HTTP-3anpocoB Takike yka3blBalOT Ha UX OTHOCH-
TEJBHYI0 HE3aBUCHMOCTb, oqHako uHbI HTTP-oTBeTOB Ha3BaTh TaKOBBHIMH
HeINb3s, MOCKOJBKY CpeId OTBETOB IPeoOIagaroT IaKeThl MaKCHMalTbHOTO
pasmepa B 1514 Oaiit (133 3naduenus) u 6mu3koro Kk Hemy B 1502 Gaiita (404
3HaueHus1) (MX cymmapHas noisi cocrapisieT 70%). Otot dakr orpaxaer pabo-
Ty ApaliBepa CEeTeBOro ajamnrepa NPOKCH-CEpBEpa, MbITAIOMIErocs Nepeaarsh B
KaJjpax KaHaJIbHOTO YPOBHS ITaKeT MAaKCHMAJIFHO BO3MOXKHOT'O pa3Mepa ¢ Iie-
JBI0 YMCHBIICHHS HAKIAIHBIX PAacXoJOB Ha TIE€peady 3arojIOBKOB IMAaKETOB.
Ecnu xe He yunThIBaTh AMUHBI akeToB B 1502 u 1514 Gaiit, To auarpamma
pasbpoca mis ocrasimxcs auuH HTTP-oteetoB nemonctpupyer (Puc. 4) mgoc-
TaTOYHYIO CTENEHb HE3aBHCUMOCTU 3HAUYEHUH [UIMH, OYEBUJHO CBSA3aHHYIO CO
CITy4aiiHBIM 3HaUYeHHEM THHBI mepenaBaeMbix ¢ WWW-cepBepos (aiiinos.

14



2000 ¢

1500 | +- = .
e i,

1000 (3rhgr el

500 |¢iige it .

0 P how o oie
0 500 1000 1500 2000

Puc. 4. Juacpamma pazbpoca nadarooenuii ona nap onun HTTP-omeemos
6e3 yuema onux nakemos 8 1502 u 1514 6aiim

Ananu3 monydeHHBIX BbIOOpok HTTP-3ampocoB knmenta K cepsepy,
HTTP-oTBeTOB cepBepa KIMEHTY, a TakKe BBIOOPOK JIHH maketoB ¢ HTTP-
3ampocamMu W JUIMH TaketoB ¢ HTTP-oTBeramMm Ha mpemmeT COOTBETCTBHSA
CTaH/IapPTHBIM HENPEPHIBHBIM PACIPENENICHUSIM IUIOTHOCTH BEPOSTHOCTH BBI-
MOJIHSJICS. B CHCTEME CTATHCTHUYECKOTO aHanm3a JaHHbix Statistica 6.0 paspa-
6otku StatSoft Inc. [7].

Function 1 =61,0000000*Normal(x;,992235940;2,16884729)
Function 2 =61,0000000%,968641E-1*(x>=,000048 & x<=10,3237890)
Function 3 =61,0000000*Expon(x;1,00782481)
Function 4 =61,0000000*Gamma(x/2,96293182;,334883150)/2,96293182
Function 5 =61,0000000*Lognorm(x;-2,0304262;2,67473212)
Function 6 =61,0000000*Chi2(x;,992235940)
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Puc. 5. l'ucmoepamma unmepsanog epemenu mexcoy HTTP-zanpocamu
u cmanoapmHule NAOMHOCIU PACAPeOeNeHUs. BePOSMHOCMU
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Function 1 =76,3000000*Normal(x;,159237960;,714661248)
Function 2 =76,3000000%,112994657*(x>=,000009 & x<=8,84998500)
Function 3 =76,3000000*Expon(x;6,27990956)
Function 4 =76,3000000*Gamma(x/,547834910;,290667790)/,547834910
Function 5 =76,3000000*Lognorm(x;-4,2221796;2,72138659)
Function 6 =76,3000000*Chi2(x;,159237960)
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Puc. 6. l'ucmoepamma unmepeanoe epemenu mesicdy HTTP-omeemamu
u cmanoapmHule NAOMHOCIU PACAPeOeNeHUs. BEPOSIMHOCIMU

Function 1 =3444,00000*Normal(x;430,772358;106,173984)
Function 2 =3444,00000%,155039E-2*(x>=60,0000000 & x<=705,000000)
Function 3 =3444,00000*Expon(x;,00232141)
Function 4 =3444,00000*Gamma(x/45,1296582;9,54521649)/45,1296582
Function 5 =3444,00000*Lognorm(x;6,01219990;,398927061)
Function 6 =3444,00000*Chi2(x;430,772358)

KonuyecTBo HabnogeHuit
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[nuxa, 6ant

Puc. 7. l'ucmoepamma onun HTTP-3anpocos u cmanoapmubie NIOMHOCIU
pacnpeoenenus 6eposmHocmu
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Function 1 =11460,0000*Normal(x;1230,55628;487,334288)
Function 2 =11460,0000%,687758E-3*(x>=60,0000000 & x<=1514,00000)
Function 3 =11460,0000*Expon(x;,00081264)
Function 4 =11460,0000*Gamma(x/456,272977;2,69697384)/456,272977
Function 5 =11460,0000*Lognorm(x;6,91824422;,807194741)
Function 6 =11460,0000*Chi2(x;1230,55628)
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Puc. 8. l'ucmoepamma onun HTTP-omeemog u cmanoapmmwle niomHOCmu
pacnpeodenenus 8eposmHOCU.
1 - nopmansroe, 2 -pasnomepnoe, 3 - IKCnoHeHyUAILHOE,
4 - camma, 5 - 10eHOpmanvHoe, 6 - Xu-keadpamuuroe

T'uctorpammel Bpemen mexay HTTP-3anpocamu u Bpemen mexny HTTP-
orBeramu, anuH HTTP-3ampocoB u mmma HTTP-oTBeToB, a Takke KpUBBIC
JIOCTYIIHBIX B IPOTpaMMe ILUIOTHOCTEH BEPOSTHOCTU HOPMAJIBHOI'O, PABHOMED-
HOTO, JKCIIOHEHIMAIBHOTO, TaMMa, JIOTHOPMaJIbHOTO M XH-KBaJApaTUYHOTO
pacripenielIeHui TpUBECeHBI Ha puc. 5 — puc. 8. Cornacue cTaHIapTHON IJIOT-
HOCTH BEPOSITHOCTH C SKCHEPHMEHTAIBHBIMH 3HAUYCHHSMH OIIEHHBAJIOCH C
nomolnbio Kputepus "Xu-kaapat" u kpurepust Konmoroposa-CmupHoBa [6].
Kpome urcieHHbIX 3HaYeHUIT KPUTEPUEB COTIIACHS, €CTECTBEHHO, OLIEHUBAJIOCH
coBmajieHne (opM IIIOTHOCTEH BEPOSITHOCTH M TMCTOIPaMM. YUHUTHIBast, 4TO
MIpOBEpKa 1Mo KpuTepuio "Xu-KBaapar" dyBCTBHTENbHA K BEIOOPY KOJIMYECTBA H
PasMEpPOB HMHTECPBAJIOB, HCIOJB3YEMBIX IPHU IOCTPOCHUH TUCTOTpaMM, IOTH
rapameTpbl BEIOHMpAIUCh B COOTBETCTBUH C PEKOMEHIAIMSAMHE, COCTOSIIUMHA B
BEIOOpE MHTEPBAJIOB OAMHAKOBOTO pa3Mepa M MX KOJIMYECTBAa TAKOTO, YTOOBI
MIPOM3BECHUE IO CAMHUYHOTO HHTEPBAJIa HA KOJINYECTBO AAHHBIX B BBIOOD-
Ke ObUIO He MeHbIne 5 [6]. DTUM pekOMEHIAIMIM yIOBICTBOPSIOT 22 HHTEp-
Baa st 122 3nauennii Bpemen mexay HTTP-3anpocamu (122/22<5,55) n 100
WHTEpBANOB mnsi 763 3HadeHnit BpemeH Mexay HTTP-orseramm
(763/100=7,63). IIpu HOCTPOEHHH TUCTOTPAMM IS JUIMH ITAKETOB II0 TEM KE
cooOpaxxeHusiM ObUTH BbIOpaHbl 22 uHTepBayia it 123 e HTTP-3ampocos
u 100 unrepsanos g 764 nnun HTTP-oTeeToB.
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Tab6u. 3. Pe3ynbTaThl TECTOB HA COOTBETCTBUE CTAHIAPTHBIM pacIpe/ieICHUsIM

Tect Kosimoroposa-
Tect Xu-kBaapar P

PacnpeneJie- CmupHoBa
2 2
HHe 2 x(df, (n"+0,12+
X df P 0,99) d 0,11/ n"?d
1 2 3 4 5 6 7
[MTapametpst oyt Bpemer Mexxay HTTP-3anpocamu (22 unTepBana)
HopmanbsHoe 68,91287 | 6 | 0,00000 | 16,812 | 0,35518 3,97
PaBHomepHoe | 1284,3637 | 17 | 0,00000 | 33,409 | 0,75247 8,41
DKCIOEHI- | 67 sa5g0 | 4 | 0,00000 | 13,277 | 0,34647 3,88
aIIbHOE
Tamma 21,52803 | 4 | 0,00025 | 13,277 | 0,15209 1,70
gggH"pMm" 1503783 | 4 | 0,00462 | 13,277 | 0,16294 1,82
Xu- 32,00457 | 5 | 0,00001 | 15,086 | 0,21599 2,41
KBaJ[PaTHYHOC
[Mapametps! qst Bpemer Mexay HTTP-oreeramu (100 nHTEpBanos)

Hopmanenoe | 485,35127 | 15 | 0,00000 | 30,578 | 0,41184 11,43
PaBnomepnoe | 44614,687 | 85 | 0,00000 ~120 0,90405 25,08
DIKCHOHCHWI- | 400 18647 | 6 | 0,00000 | 16,812 | 0,54846 15,22
aIIbHOE
Tamma 142,73452 | 10 | 0,00000 | 23,209 | 0,24999 6,94
ggg}“’pmm" 42,51791 | 14 | 0,00010 | 29,141 | 0,31854 8,84
Xu- 68,27119 | 13 | 0,00000 | 27,688 | 0,50593 14,04
KBaJIpaTHYHOE

[Mapametps! s pacupenenennii auuH HTTP-3ampocos (22 uHTepBaa)
HopmaiibHOe 118,32683 | 9 | 0,00000 | 21,666 | 0,18899 2,121
PaBHomepHoe | 386,86109 | 19 | 0,00000 | 36,191 | 0,34732 3,897
OkcnoHenuu- | 533,26119 | 11 | 0,00000 | 24,725 | 0,47487 5,328
aIIbHOE
Tamma 192,89382 | 11 | 0,00000 | 24,725 | 0,21137 2,371
Jlornopmans- | 256,61483 | 12 | 0,00000 | 26,217 | 0,21329 2,393
HOE
Xu- 187,46842 | 3 | 0,00000 | 11,345 | 0,37837 4,246
KBaJIpaTHYHOE

[apamerps! mis pacupeaenennii e HTTP-orseros (100 naTEpBaion)
HopmanbsHoe 36207,672 | 70 | 0,00000 ~100 0,41542 11,53

Pasromepuoe | 38862,774 | 94 | 0,00000 ~125 0,69594 19,32

Dxkcroneniu- | 52503,057 | 72 | 0,00000 ~102 0,40913 11,36
aJlbHOE

I'amma 31873,700 | 80 | 0,00000 ~107 0,40949 11,37
Jlornopmans- | 43231,961 | 75 | 0,00000 | 106,393 | 0,39246 10,90
HOE

Xu- 43285,040 | 15 | 0,00000 | 30,578 | 0,70839 19,67
KBaJIPaTHYHOE
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B Tabn. 3 npuBeneHbl 3HaueHWs HapaMeTpOB TecTa XHU-KBagpaT U TEcCTa
KonmoropoBa-CMupHOBa /U1 CpaBHUBAEMBIX TEOPETUYECKUX pacIpeesIeHHH
¥ OKCIIEPHMEHTATBHBIX JAHHBIX. 37€Ch Y’ — 3HAYCHHE MOT0OPAHHOrO mMapa-
MeTpa Tecta, df — KOIM4ecTBO cTeneHel cBOOOJBI, P — OTHOCHTEIbHAS BEIH-
4MHA JOCTOBEPHOCTH MCIONb3yeMoro pacmpenenenus, x2(df, 0,99) — ta6mmu-
HOE 3HAauYeHHe ¥’ JUIs YKA3aHHOTO YHCIIA CTeNeHeH cBOOOIbI, HE MPEBHIIICHHE
KOTOpPOT'O MO3BOJISIET 3aKIOYUTH O JIOCTOBEPHOCTH MCIOJIB3YEMOTrO MpPUOIIH-
eHus Ha ypoBHe 0,99 (MUHUMAIBHO BO3MOXKHBIH YPOBEHB JOCTOBEPHOCTH), d
— HanOoJIpIlIee BEPTUKAIBHOE PACCTOSTHHE MEXIY TCOPETHIECKOW M 3KCIIepH-
MEHTaJIbHOH (YHKIMSAMH PaclpeAeieHHs, B MOCIEAHEM CTONONE MpUBEICHA
BBIBepeHHas1 cTaTucTHka kputepuss KommoropoBa-CmupHOBa (MHHHMAaNbHBIM
3HAYCHUEM JTOHM CTATHUCTUKHU JJIs BBIOOpA C JIOCTOBEPHOCTHIO HA ypoBHE 0,99
siBrsiercst 1,628), n — KONMYECTBO MCIIBITAHKI CITydaiiHO# BenuuuHbl [6].

Kak BumHO 13 Tabmumbl 3, B COOTBETCTBHH C PE3yNIbTaTaMU OOOHUX TECTOB
HHM OJIHO W3 HUCCJIEJOBAHHBIX pacIpeleeHUl HE MOXXET ObITh BBIOpPAHO IS
OMHUCAHMUA HKCIHEPUMEHTANBHBIX JaHHBIX Jake€ C MUHHMMAalIbHO BO3MOXKHOM
JIOCTOBEPHOCTBIO, OJHAKO HAWIyYIIMMH KaHIWJATaMHU U 33JaHHUsS BPEMEH
Mexny HTTP-3ampocamu MOTYT OBITH TaMMa HITH JIOTHOPMAIIEHOE pactiperie-
nenne. J[ns onpeneneHus BO3MOXKHBIX KaHIUAATOB IS MOAETHPOBAHUS MEXK-
nakeTHbIX MHTepBaoB HTTP-0TBeTOB HEOOXOIUMO HCCIEIOBAaHHE IPYTHUX
CTaHJAPTHBIX PACHpPENENCHUN MIOTHOCTH BEPOSATHOCTH. UTO KacaeTcs AIHMH
MIAKETOB, TO JJISI HUX TAKXKe HU OJHO M3 HUCCIEIOBAaHHBIX pacrpeneneHuii Gpop-
MaJIbHO HE MOKET OBITh BBIOPaHO. MBI yIaauian JEeTEPMUHUPOBAHHYIO COCTAB-
JIAIONLYI0, COOTBETCTBYIOIIYIO MakcuMaibHbIM JiuHaM HTTP-otBeToB B 1502
n 1514 6aiiT u noropuin ananu3. CooTBETCTBYIOLIAs TUCTOrpaMMa U rpadu-
KM HCCIIEIOBAHHBIX CTaHAAPTHBIX PACIpEleNIeHNi TUIOTHOCTEH BEpOATHOCTH
mpuBeeHs! Ha puc.9. B aTom ciydae BbiOopka coctaBmia 228 HaOIIOICHUH,
pactipeneneHHbix Mexay 60 u 1507 Galitamu, U IPH NOCTPOSHUU TUCTOTPAM-
MBI 0bUTO BBIOpaHo 30 uHTepBaioB (228/30=7,6).

B Tabn. 4 npuBeneH aHaIM3 COOTBETCTBUS JKCIEPHUMEHTAIBHOIO Habopa
JAHHBIX HMCCIICOBAHHBIM CTAHAAPTHBIM PACIpPENENICHUSIM IUIOTHOCTU BEPOSIT-
HocTu. U x0Ts 3HaueHus cratuctuku KommoropoBa-CMUpHOBA B 3TOM ciydae
HaxXoJATCs OJMKe K TPAaHUYHOMY KPUTEPHIO (JIIs1 SKCIIOHEHIIMAILHOTO U TaMMa
pacIipeziesieHuit), T03BOJISIOEMY OCYIIECTBUTE BEIOOP CTaHAAPTHOTO pacipe-
JIeTIeHus], Bce ke (DOpMaIbHO MBI 3TOTO CAENATh HE MOKEM. YUHTHIBAsS IIOJTY-
YEeHHBIE Pe3yJIbTaThl, MO)KHO PEKOMEHJO0BATh B KadecTBE BXOAHOTO pacrpese-
neHus: oTHocTh BepositHocTH HTTP-0TBeTOB BHIOMPATH SKCIOHEHIIUATILHOE
WM raMma pacnpenesenue i umH 30% nakeToB BMecTe ¢ (PMKCHPOBaHHON
mumHOU B 1502 (wnu 1514) Gaiit s 70% makeToB.
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Function 1 =11400,0000*Normal(x;585,425439;449,852094)
Function 2 =11400,0000%,691085E-3*(x>=60,0000000 & x<=1507,00000)
Function 3 =11400,0000*Expon(x;,00170816)

Function 4 =11400,0000*Gamma(x/410,367904;1,42658681)/410,367904
Function 5 =11400,0000*Lognorm(x;5,98192940;,966912571)
Function 6 =11400,0000*Chi2(x;585,425439)
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Puc. 9. l'ucmoepamma onun HTTP-omeemos, He KI0Uaowux naxemol OIuUHOU
1502 u 1514 6aiim u cmanoapmubvie RIOMHOCMU PACNPEOeNeHUS.
seposimruocmu’ 1 - nopmanvroe, 2 -pagnomephoe, 3 - IKCHOHEHYUALLHOE,

4 - camma, 5 - 10eHOpManbHOE, 6 - Xu-K8adpamuuroe

Tabun. 4. Pe3ynbTaThl TECTOB HAa COOTBETCTBUE CTAHIAPTHBIX pacHpeieeHui
1 9KCIIepUMEeHTaIbHBIX HabopoB jinH HTTP-oTBeToB 6e3 yuera

HTTP-otBeToB mmuoi 1502 u 1514 Gair

Tect Koamoro-
Tect Xu-kBagpar
poBa-CmupHOBa
PacnpeneJe- (n*?+
Hue 2 df p ¥2(df, 0,99) d %11217
n'?).d
IMapamertpsr quist pacupenenenuit ymmH HTTP-orBeros 6e3 1502 u 1514 6aiir (30
HHTEPBAJIOB)
HopmanbHoe 145,71012 | 22 0,00000 40,289 0,18394 | 2,801
PaBHoMepHOe | 285,43559 | 26 0,00000 45,642 0,29581 | 4,504
OkcnoneHuu- | 154,89075 | 20 0,00000 37,566 0,12115 | 1,845
aJpHOE
INamma 154,26182 | 19 0,00000 36,191 0,12819 | 1,952
Jlornopmans- | 211,13851 | 17 0,00000 33,409 0,14033 | 2,137
HOE
Xu- 1429,8538 2 0,00000 9,210 0,57448 | 8,748
KBaJIpaTHYHOE

20



BriBoabI

IIpn MoxenpoBaHNy Nepefayy MaKeTOB B CETU CIIEAYET YUUTHIBATD JOCTA-
TOYHO OOJIBLIOE KOJMYECTBO CIY)KEOHBIX MAKETOB, KOTOpbIE NOOABISIOTCS K
3ampocaM U OTBETaM MOJIb30BATENbCKUX MPUIOKEHUH, MO3TOMY 3ajJaHHe
BXOJHBIX pAaCHpeNeIeHUN CTATUCTHYECKUX MapaMEeTpOB IMepenadyd JOJKHO
BBINOJIHATECS U1l Pa3HBIX YPOBHEH CETEBOrO B3aMMOJCHCTBHSA M B OOIIEM
cllydae JT0JIKHO OTJINYaThCS.

HaunyumuMu kaHgunaTaMu M3 HCCIIEIOBAaHHBIX CTAHAAPTHBIX pacIpene-
JeHnit U1 BEIOOpa B KAauecTBE BXOAHBIX pacIpeelIeHUH IUIOTHOCTH BEPOST-
HOCTH IIpYM MOAenupoBaHuu HHTepBaioB Mexay HTTP-3anpocamu siBastorcs
raMMa M JIOTHOpMaJIbHOE pacrpenerneHue. [ onpeneneHus BO3MOXKHBIX KaH-
MUAATOB JUI MOJICJIMPOBAHMS BpPEMEHHBIX HWHTepBasioB Mexay HTTP-
OTBETaMU HEOOXOIMMO JOTIOJTHUTEIBHOE HCCIIEAOBAHNE.

Hu ogHO 13 MiccaeI0BaHHBIX paclpeleleHuil He TOAXOAUT Ul MOAEIHPO-
BaHus pacnpeneneHuss aauH HTTP-3anpocoB u HTTP-oTBeToB, uTo cBsizaHO,
OUYEBHJHO, C JIOCTATOYHO OOJIBIIOW JETEPMHUHUPOBAHHON COCTaBIISIONICH B
HUX. OTa COCTABIAIONIAs BO3HHUKAET BCIEICTBUE OINPEJEIEHHOIO KOJIMYECTBA
MOJIEH B 3aroJIOBKAaX MaKeTOB C OTHOCUTEIBHO MajO BapbUPYIOLIEHCS NJIUHOU
st HTTP-3anpocoB 1 ¢ cTpemieHHeEM JpaiiBepa CeTeBoro ajantepa mnepena-
Batb HTTP-oTBeTHl B Kajpax MakCHUMalbHO BO3MOYKHOI'O pa3Mepa C IENbI0
YMEHBIIECHH JOIH HaKJIaJHbIX PACXOO0B.

Amnanus BeiOopku 1mH HTTP-oTBeTOB 6€3 ydera kaapoB MaKCHMAalbHOTO
pa3Mepa MOKa3bIBaeT, YTO BO3MOKHBIM PELICHHUEM TSI BEIOOPa BXOJIHBIX pac-
MIpeeNICHUH SBJIAETCS HCIOJIb30BAaHHE SKCIIOHEHIIHATBFHOIO WM ramma pac-
npexnenenus it auuH 30% makeToB BMecTe ¢ (GUKCHPOBaHHOM MuMHOI B 1502
(mmmu 1514) 6aiiT mis 70% makeTos.
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