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AHHOTANMSA

ITpenmer wucciaenoBaHusi. AHanusupyercss  3(Q(EKTHBHOCTb DPE3epPBUPOBAHHOTO BBINOJIHCHHUS 3allpOCOB C  YYETOM
HEHA/Ie)KHOCTU BBIUUCICHUN B KOMIBIOTEPHBIX CHCTEMAX, NMPEACTABIAEMbIX MHOTOKAHATBbHBIMH CHCTEMAMH MacCOBOTO
obciyxuBanust ¢ oOmed ouepenpto. Llens paboThl — HCClEOBaHHE BO3MOKHOCTH IOBBILIEHHA 3()(EKTHBHOCTH
00CITyKHBaHHSI TIPH PE3€PBUPOBAHHOM BBHINOIHEHNH KOMHH 3allpOCOB B Pa3HBIX MPHOOpaX MHOTOKAHAIBHOW CHCTEMBI B
YCIOBHAX HEHAAEKHOCTH BBIUMCICHHU. [Ipu pe3epBHpOBaHHOM OOCITYKMBaHUH 3ampoca TpedyeTcs: 0e30IHNO0YHOCTh €To
BEITIOJHEHUST XOTSL OB B ogHOM H3 mpubopoB. Metoa. s ananmm3a 3QQeKTHBHOCTH pE3epBHPOBAHHOIO OOCITYKHBaHUS
3aIpOCOB PAcCMOTPEHA OLEHKA CPENHETO BPEMEHM MpeObIBAaHMS B CHCTEME C IPUMEHEHHEM M 0e3 IPHMEHCHUS
pe3epBUPOBaHMs 3alPOCOB IIPU IPECTABICHUHM CHUCTEMBI NPOCTEHIIEH MOJeblo MaccoBoro obciyxxuBanust thna M/Min.
IIpencraBienHast oLeHKa CPEJHEr0 BPEeMEHH MPeObIBaHuUS TP PE3EPBUPOBAHHOM BBIIIOIHEHUH 3aIIPOCOB SIBISIETCSI BEPXHEH,
TaK Kak He YUUTHIBAET BO3MOXXHOCTh €T0 CHIDKEHHS B pE3yJIbTaTe BEPOSITHOCTHOTO pa3dpoca BPeMEHH BBITIOTHEHHS 3alIPOCOB
pasubiMH mpubopamu. KommiekcHas 3¢eKTHBHOCTD pe3epBUPOBAHHOTO OOCITYKHMBAHUS 3allpOCOB ONpE/eNeHa HAa OCHOBE
MYJNBTUIUIMKATHBHOTO MTOKA3aTeNIsl, yIUTHIBAIOIIETO Oe30MMO0IHOCTD BEIYHUCICHUH U CPEAHUM 3a11ac BpEMEHH OTHOCHUTEIILHO
MPEIeNbHO JOIMyCTUMON 3afepKku oOcmyxuBaHuA. OreHka 0e30MHO0YHOCTH BBIYMCICHUH NpPU PEe3epPBHPOBAHHOM
BEINIOJTHEHUH 3alPOCOB IIOTyYeHA IPH TPeOOBaHMM OE30IIMOO0YHOrO BBIIOJMHEHHS XOTS OBl ONHON KONMH 3arpoca.
OcHoBHBIe pe3yabTaThl. [loka3aHO, 4TO pE3epBHPOBAHHE 3AIIPOCOB JA€T BHIMIPHIN B 3(P(EKTHBHOCTH CHUCTEMBI IIPU
HEOOJIBIION WHTEHCHBHOCTH 3ampocoB  (3arpyske). OmpeneneHa rpanuna IneiecoobpasHoctd (3¢ eKTHBHOCTH)
PE3epBUPOBAHHOrO OOCITY)KMBaHMS 3ampocoB. Iloka3aHa BO3MOXKHOCTh HOBBIIEHUS A(P(EKTUBHOCTH CHCTEMBI IIPU
aJlaliTUBHOM HM3MEHEHMH KpPaTHOCTH PE3ePBUPOBAHUS 3alPOCOB B 3aBUCHMOCTH OT HHTEHCHBHOCTHM MOTOKa 3alpOCOB.
YcTaHOBIEHO, YTO BBIOOP MUCHUILIMHBI OOCTYKHBAaHHS B CHCTEMaX MH(GOPMAIMOHHOTO CEPBHCA BO MHOTOM OIPEAENIAETCS
SKOHOMHUYECKOH (P (PEKTHBHOCTBIO IPEJOCTABICHNUS HMH(POPMAIMOHHBIX YCIYT, KOTOpas OIEHHBACTCS MNPHUOBLIBIO OT
6€301IMO0YHOT0 MPeAOCTaBICHI HHPOPMAMOHHBIX YCIIYT, TTOIy4aeMoil B €IHHUIy BPeMEHH (MHTEHCUBHOCTH ITOTyYCHUS
npudenm). Ilokazano, uTo cymecTByer obmacth 3¢(¢dexTHBHOCTH HH(OPMANMOHHOTO CEepBHCA IIPU PE3ePBUPOBAHHOM
00CITy’)KUBaHHU 3allpOCOB B YCIIOBHSX OTKa30B M omuOOK. OmnpenenreH MOpOr MHTEHCHBHOCTH IIOTOKAa 3allpoOCOB, HIDKE
KOTOPOTO pe3epBUPOBAHHOE OOCITy)KHMBAaHUE 3alpocoB IienecooOpasno. IlpakTHyeckass 3HaAYMMOCTB. [IpencTaBieHHBIE
pe3yibTaTbl MOTYT OBITh HCHOJIB30BaHBI IPHU IPOEKTHPOBAHMH KOMITBIOTEPHBIX CHCTEM, B TOM YHCIIE CHCTEM
HPEN0CTaBICHUS. HHPOPMALMOHHBIX YCIIYT.
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Abstract

Subject of Research. The paper deals with analysis of the effectiveness of redundant queries based on untrusted computing
in computer systems, represented by multi-channel queuing systems with a common queue. The objective of research is the
possibility of increasing the efficiency of service requests while performing redundant copies of requests in different devices
of a multi-channel system under conditions of calculations unreliability. The redundant service of requests requires the
infallibility of its implementation at least in one of the devices. Method. We have considered estimation of the average time
spent in the system with and without the use of redundant requests at the presentation of a simple queuing model of the M / M
/ n type to analyze the effectiveness of redundant service of requests. Presented evaluation of the average waiting time in the
redundant queries is the upper one, since it ignores the possibility of reducing the average waiting time as a result of the
spread of the probability of time querying at different devices. The integrated efficiency of redundant service of requests is
defined based on the multiplicative index that takes into account the infallibility of calculations and the average time
allowance with respect to the maximum tolerated delay of service. Evaluation of error-free computing at reserved queries is
received at the requirement of faultless execution of at least one copy of the request. Main Results. We have shown that the
reservation of requests gives the gain in efficiency of the system at low demand rate (load). We have defined the boundaries
of expediency (efficiency) for redundant service of requests. We have shown the possibility of the effectiveness increasing of
the adaptive changes in the multiplicity of the reservation of requests, depending on the intensity of the flow of requests. We
have found out that the choice of service discipline in information service systems is largely determined by the economic
efficiency of information services, estimated by the profit from the error-free provision of information services obtained per
time unit (rate of profit). We have demonstrated the existence of an efficiency area of information services at the redundant
service of requests under failures and errors. We have determined the flow rate threshold of requests below which a redundant
service of requests is appropriate. Practical Relevance The results presented in the paper can be used in the computer
systems design including the systems providing information services.
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BBenenue

K coBpeMEeHHBIM BBIYMCIUTEIBHBIM CHCTEMaM MPEIBABIAIOTCS BBICOKHE TpeOOBaHMS 1O OE30MacHOCTH,
MPOU3BOJUTEILHOCTH, OTKa30yCTOHINBOCTH, (PyHKIIMOHAIBHON M CTPYKTYPHOW Ha/Ie)KHOCTH, JOCTHIAEMbIE TIPH
pe3epBUpPOBaHNH pecypcoB u ux KoHcommmarwmu [1—7]. Iloxg ¢pyHKIMOHAIEHONW HAIEKHOCTHIO [8] MOHMMAaeTcs
CBOMCTBO CHUCTEMBI COXPAHSTh YCTOHYMBOCTD BBIUMCIUTENBHOTO MPOLECCa MIPHU CBOEBPEMEHHOM 0€301IMO0UHOM
BBITIOJTHEHHUH MTOCTYMAIOIINX B CUCTEMY 3allpOCOB B YCIOBHUSIX OTKa30B, COOEB U OIINOOK.

[t CTpyKTypHO H30BITOUHBIX KOMIIBIOTEPHBIX CHUCTEM YCTOWYHMBOCTH BBIYMCIUTEIBHOIO IpoIiecca
(byHKIIMOHANTBHAS HAJIC)KHOCTH) MOXKET MOICPIKUBATHCS IPU JMHAMHYECKOM pacIpeieieHuu 3anpocos [9—18],
B TOM YHCJIE IIPH HAIPABJICHUH PE3EPBHBIX KOIHIA, MOCTYIAIOUIMX B CUCTEMY 3alIpOCOB Ha 00CITy)KHBaHHE B He-
CKOJIBKO Y3JI0B (Ka)K[laﬂ KOIIMS BBIIIOJIHACTCA OTACIIBbHBIM y3J'lOM). CHCTEMOTEXHUYECKOE IMPOCKTUPOBAHUE CHUC-
TeM 00pabOTKM JaHHBIX 0a3upyeTcs Ha MCHONb30BAHUHM MAaTEMaTHUECKOro amapara TEOpHH MaccoBOTO 00Ciy-
>KMBaHUSl, TEOPUU HAZEKHOCTH [6, 18-24].

Mogenu ¢ pe3epBUPOBaHHBIM OOCTYKUBAHHEM 3aIIPOCOB PA3HBIMH Y3JaMH AJISl KIIACTepa /1 OAHOKAHAIIb-
HBIX CHCTEM C WHIMBHIYAJIbHBIMH OuepelsiMH, (PyHKIIMOHUPYIOIINX B YCIOBUSAX cOOEB, OTKa30B U OIIMOOK BBI-
YHCIICHUH, WCCIIeoBaHbl B pabore [8]. Mozenu cucteM c pe3epBHPOBAaHHBIM OOCITY>KHBaHHEM 3allpPOCOB LIS
MHOTOKaHAJILHOM CUCTEMBI ¢ 00IIei odepepio Mpemiokensl B pabotax [18, 19]. B monensx [18, 19], ecnu umc-
JI0 3aHATHIX NPUOOPOB B MOMEHT IOCTYIJIEHUSI 3aIlpOca MEHbIIE HEKOTOPOTO MOPOrOBOrO 3HAUYEHHMS, TO 3aIrpoC
KOIUPYETCS, a €r0 KOIMU 0OCTY)KMBAIOTCSI BCEMU CBOOOAHBIMU mpubopamu. Ecnu 9ucio 3aHATHIX MpHOOPOB B
MOMEHT TOCTYIIJICHUSI 3aIIpoca He MEHBIIIE 3TOT0 OPOTrOBOI0 3HAYEHHSI, TO 3apOC 0OCIY)KUBAETCSI OJHUM IPHU-
6opom. B pabore [19] onucana Mozenb TUCIMIDIMHBI 00CTYKHBaHUS, TIPH KOTOPOH, KOI/Ia UMEIOTCS CBOOOIHBIC
npuoopsI (IIPOLIECCOpPHI), BCE OHU 3arpyaro0Tcsi Ha HIMPOKOBENIATeNIbHOE (PEe3epPBUPOBAHHOE) BHINOJIHEHHE KO-
nui 3arnpoca. OgHako B padotax [18, 19] He paccmarpuBaeTcs BIMSHAE HEHAJIEKHOCTH MHOTOKaHAIBHBIX CHC-
TEM Ha CpeJHee BpeMs pe3epBHPOBAHHOTO BBIIIOJIHEHHUS 3arpoca, U KOTOpoM Tpedyercst Ge30mmbouHoe 00-
CITy)KMBaHHE XOTS ObI OJJHOM €r0 KOIIHH.

B Hacrosimeii pabore mpemIoxKeHbl MOJENN PE3EPBHPOBAHHOIO OOCITYKMBAaHHS 3allpOCOB B MHOTOKA-
HAJIBHBIX CHCTEMaX MacCOBOTO OOCIYXHBAaHUS MPH TPeOOBAaHHH Oe30MHO0THOTO 0OCTYKUBaHUS XOTS OBI OTHON
KOITMH Ka’yK/I0TO U3 3aIPOCOB.

IlocTanoBKa 3aga4M HCCIEI0BAHUNA

PaccMoTpruM MHOTOKaHAJIBHYIO CHCTEMY OOCTY)KMBaHUS C n mpubopaMu M OeCKOHEYHOW oOIiel ouepe-
JIbIO B TIPE/TIONIOKEHHH, YTO BXOASAIIMI MOTOK 3aIPOCOB — MPOCTEUINNI ¢ HHTEHCUBHOCTBIO A, 8 00CITy)KHBaHUE
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JKCIIOHEHIIMAILHO CO CPEHUM BpPEMEHEM OOCIyKHBaHHs 3arpocoB V. IIpU BBIMOJIHEHUU 3alpOCa BO3MOXKHBI
OLIMOKY, BEPOSTHOCTH KOTOPBIX OIMHAKOBBHI Uil BceX 0oOCiyxuBarolux npubopos. [Ipeamnosiaraercs, 4To BO3-
MOJKHO pe3epBHpOBaHHE OOCIY)KMBAHHS 3ampoca Ha k mpubopax, mpu TpeGoBaHNH Ge30IMHO0YHOCTH €ro BBI-
IIOJIHEHUSA XOTA 6bl B OJHOM H3 HUX. MOﬂeﬂb CTPOUTCA B HNPCAIOJOKCHUN HE3aBUCUMOCTU BO3ZHUKHOBCHHSA
omuoOO0K B MpUOOpax, MPUHIMAIOIINX K 00CITYKHBAHUIO KOIIMH 3aIIPOCOB.

Lenb paboThl — ucciieoBanue 3PPEKTHBHOCTH PE3CPBUPOBAHHOTO OOCITYKHUBAHUS 3alIPOCOB B YCIOBHUAX
HEHAJIS)KHOCTH BBIYUCIICHHA.

O1eHKa cpeTHero BpeMeHH 0:KHIAHUS 3alPOCOB B MHOTOKAHAJIBLHBIX CHCTEMAX ¢ IPUMeHEeHHEM
H 0e3 MpUMeHEeHHs Pe3ePBUPOBAHHOTO 00CTY;KHBAHUS 3alPOCOB

CpenHee BpeMsi OXHIAHHS [UIi MHOTOKAHAIBHBIX CHCTEM 0€3 pe3epBUPOBAHHOIO OOCITY)KHBAHHS
3anpocoB tuna M/M/n Beruucisiercs o n3BecTHbIM Gopmynam [20, 21]:

t=P—" (1)
n(1-p)
IIe v — CcpegHee BpeMsl BBIIOJIHEHHS 3alpoca, # — YUCIO OOCIY)XKMBAIOUIMX IPHOOPOB, p=Av/n—
KO3 QUIIMEHT 3arpy3KHU CHCTEMBI, A — HMHTEHCUBHOCTH MOTOKA 3alpOCOB, a Py — BEPOSTHOCTh TOTO, YTO 3asiBKa
nonaaeT B 04Cpe/ib, olpeaciacMas Kak

_ ()" [ (ne)" | (n0)'
O_n!(l—p) ; st nl(l-p)

ITpn pe3epBHPOBaHMU 3aIIPOCOB KaxIas €ro KOS OJHOBPEMEHHO PACIpEeelIieTCsl Ha BBIIOJIHEHHE B
oouH W3 k mpubopoB, mpu 3TOM OymeMm mpeHeOperarb BO3MOXKHBIM Pa30pOCOM BpPEMEHH BBIIOTHEHHS KOHN
3ampoca B pa3HbIX NpuOopax. YUHTHIBas, YTO BBIIOJIHEHHE KaXJOro 3ampoca TpedyeT pecypcoB k mprOOpOB,
3¢ dexTuBHAsS KaHATFHOCTh PACCMATPUBAEMOIl CHCTEMbI MO OOCTY)KHBAHUIO Pa3HBIX 3alPOCOB, MO CYIIECTBY,
yMeHbIaercs ¢ n 10 n/k kaHanoB. Takoe mpencTaBiICHUE CHCTEMBI OIPaHUYCHO YCJIOBHEM, 4To n/k — Leloe.
PaccmarpuBas poriecc pe3epBUPOBAHHOTO OOCITYKHUBAHUS k KOIHI MO OOCITY)KUBAHHUIO OIHOH KONUH B OJHOM
u3 k npudopos, Gopmyiy (1) 115 OLIEHKH CpeTHETO BpEMEHH OXKHIAaHUsI TpeoOpasyeM K BHILY

(—p Y& ©)

" (i)

e p,., = Avk/n, a BEpOSTHOCTH TOTO, YTO 3aIPOC MONAACT B 04EPE/ib, OMPEICIICTCS KaK

n K |, (n : n «
;ppes ;71 %ppez %ppes

PO”“:(Z)!@—%) S (o

Ha puc. 1 npencrasieH rpaguk 3aBUCHMOCTH CpPEIHETO BPEMEHH OXUAAHHS OT WHTEHCHBHOCTH
MOCTYIUICHHST 3asiBOK. PacueT mpoBeneH B cHCTeME KOMIbIOTEpHOW Maremarnku Mathcad-15 npu uucie
00CITy)KMBAFOLIMX PHOOPOB B CHCTEME 7 = § IIT., CPEAHEM BPEMEHH BBIIIOJIHEHHs 3anpoca v =1 ¢, KpaTHOCTH
pe3epBUPOBAHHOTO 0OCTYKHBaHUSI 3arpocoB k = 1,2.4.

-1

fc

8

[\

e

0 2 4 6 A, /e

Puc. 1. 3aBMCMMOCTb cpefHero BpeMeHu oXxXnaaHust OT UHTEHCUBHOCTU NOCTYNMEHUS 3as1BOK A.
KpuBble 1—3 COOTBETCTBYIOT KpaTHOCTM pe3epBMpPOBaHNS 3anpocoB k =4, 2,1
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Kpusas 1 (puc. 1) COOTBETCTBYET CpeHEMY BPEMEHHU OXKHIAHUS C PE3EPBUPOBAHHBIM BBIITOJHEHHEM 3a-
MIPOCOB TIPH KPATHOCTH pe3epBUPOBaHUs k = 4, kpuBas 2 — ipu k = 2, a kpuBas 3 — npu k = 1. 13 npencrasien-
HOro TrpaduKa cielyer, 4YTo cpeHee BpeMsl OKUAaHHS MIPH PE3EPBHUPOBAHNH 3aIPOCOB B YCIOBHSX 0e30111004-
HOCTH BBIYHCIICHHI BO3PACTACT.

[IpencraBneHHas OlleHKA SBISICTCS BEPXHEH Il Pe3ePBUPOBAHHOTO OOCITY)KUBAHHUS 3alIPOCOB, TaK KaK HE
YUUTBHIBAET BOBMOXKHOCTh CHW)KEHHSI CPEIHET0 BPEMEHH MX MTPEObIBAHUS NIPH PE3EPBUPOBAHHOM O0CITY)KHBAaHUU
B pE3yJIbTaTe TOr0, YTO MPOLICCC 06CJ'Iy)KI/lBaHI/IH SABJIACTCA BEPOATHOCTHBIM, a 9TO MOXKET NPUBECTU K TOMY, YTO B
OJTHOM M3 KaHAJIOB BPEMsl BHITIOJTHEHUS KOTIMU MOXKET OKa3aThCs MEHbIIIE, YEM B IPYTHX KaHAIaX.

I dexTHBHOCTH pe3epBHPOBAHHOIO 00CTY)KMBAHHS € YYETOM 3a/IepiKeK 00CTyKUBAHUS 3alIPOCOB
B YCJIOBUSIX HEHA/IEIKHOCTH BHIYMCIECHU T

O¢ddexTuBHOCTH 00CITYKUBAHHS 3AIPOCOB C YIETOM 3a[ePKEK OOCITYKIBAHUS 3aIIPOCOB W BO3MOKHOCTH
UX OIIMOOYHBIX BHIIIOJIHEHHH OLIEHUM KaK

b=ty —1)P,
rae t,. — MakCUMajbHO IOIlyCTMMOE BpeMs OXUAAHUS 3allpoca; ¢ — CpelHee BpeMs OXKHUIAHUS 3aIpoca;
P — BeposTHOCTH 0€301MO0YHOTO BBITIOTHEHHSI 3aIpoCa; (tMaKC —t) — cpenHuit 3amnac BpeMeHu oxuaanus. [loka-

3aTenb b COOTBCTCTBYET MATCMATUYCCKOMY OKUAAHUIO CPEAHCTO 3alaca BPEMCHU OKUJAaHUS 0e301IH00YHO BbI-
ITOJTHAEMBIX 3aIlpOCOB.

AoV
BepositHOCTh 6€3011IMO0YHOTO HEPE3epPBUPOBAHHOTO BBINIOJIHEHHS 3alpoca =e ™, rme k, — CyM-

Hepes
MapHasi MHTCHCUBHOCTh OINMOOK M OTKa30B. BeposTHOCTH O€30IIMO0YHOTrO BBIMOJHEHUS PE3ePBHPOBAHHOIO
3arpoca XoTs ObI B OJHOM U3 k Y3JI0B, IPUHUMAIOIIHX 3aMPOC K 00CITY)KUBAHHIO, BEIYUCIISACTCS KaK

P, =1-(1-e"™)

pe3

st onpeneneHust 00IacTH 1elieCO00Pa3HOCTH PE3EPBUPOBAHHOTO OOCTYKUBAHUSI 3aIPOCOB TPOBEICHBI
pacHeThl CO CIIEMYIOUIMMHI UCXOAHBIMH TAHHBIMH: YHCJIO IPUOOPOB B CHUCTEME 1 = § IIT.; KPATHOCTh PE3ePBHPO-
BaHHOTO O0CITY)KHBAaHUsI 3alIPOCOB k = 2; cpe/iHee BpeMsl BBIIIOJIHEHHs 3amnpoca v = 1 ¢. IHTeHCHBHOCTH OIIMO0K
Aoy =107 1/, Ay, =3x107 1/c mhy =5x107 1/c; MakcMMambHO JOMYCTUMOE BpeMs OXHJAHWS 3arpoca

t.=2c.

Makc

Ha puc. 2 npeacrasneH rpaduk 3aBUCUMOCTH 3()(HEKTUBHOCTH b OT HHTEHCHBHOCTH 3aIIPOCOB A.

b, c
) 1 2
2 |
3
7
4
1,95
/
5
6
1,9 \
0 0,5 0,83 11,091,224 A, l/c

Puc. 2. 3aBncMMoCTb 3dheKTUBHOCTM CUCTEMBI OT UHTEHCUBHOCTU 3anpocoB A. MNpu MHTEHCMBHOCTU OLUIMBOK
Aoy =107 1/c, ky, =3x107 1/c, A, =5x107> 1/c KpuBbIE 1-3 COOTBETCTBYIOT PE3EPBMPOBAHHOMY
obcnyxunBaHuio 3anpocos (k = 2), a kpuBble 4—6 — nx Hepe3epBMPOBaHHOMY OBCnyxmBaHuto (k = 1)

Ipu uHTeHenBHOCTH OWKGOK A, =107 1/c, Ay, =3x107 1/cu Ay =5x107 1/c kpusble 1-3 (puc. 2)

COOTBETCTBYIOT KpUTEpHIO 3(PPEKTHBHOCTH CHCTEMBI b ISl pE3epPBHPOBAHHOIO OOCITY)XHBaHHUS 3aIpPOCOB
(k=2), a xpuBsie 4—6 — Oe3 pe3epBUPOBAHHOTO OOCITYXKHWBaHHs. PacueThl MOKa3bIBAIOT, YTO PE3EpPBUPOBAHIE
3a[POCOB JaeT BHIUIPHII B 3()(EKTUBHOCTH CHCTEMBI IPH HEOOJBLIOH MHTEHCUBHOCTH 3alPOCOB (3arpyske).
[TosryueHHBIE 3aBUCHIMOCTH TI03BOJIIIOT HAHTH TPAHUILY IIeTIeco00pa3sHOCTH (3P PEKTHBHOCTH) Pe3epBUPOBAHHO-

ro 06CITyKMBaHUs 3a1pocoB. Tak, MPU MHTEHCUBHOCTH OWKMOOK Ly, =5x107 1/c pesepBupoBaHHOE 0OCITYXKH-

BaHUE 3alPOCOB IeIeco00pa3Ho sl HHTEHCHBHOCTH 3ampocoB A<1,09 1/c.
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W3 puc. 2 BUIHO, 9TO MPH pOCTE MHTEHCHBHOCTH OIMIHOOK TpaHUIEI () (HEKTHBHOCTH pe3epBHPOBAHUS 3a-
MPOCOB YBEJIMYMBAIOTCS. POCT MHTEHCUBHOCTH 3aIIPOCOB MPUBOIMT K yBeluueHuto 3ddexTuBHOCTH b mpu pe-
3epPBUPOBAHHOM BBITIOJIHEHUH 3aIIPOCOB.

Takum 00pa3oM, A MOBBILICHHS 3PPEKTUBHOCTH CHCTEMBI IEIECO00Pa3HO aganTHBHOE H3MEHCHHE
KPaTHOCTH PE3epPBUPOBAHHUS 3alIPOCOB B 3aBUCHMOCTH OT HHTEHCUBHOCTH MIOTOKA 3aIIPOCOB.

I deKTUBHOCTH MPEAOCTABICHUS Pe3ePBHPOBAHHOIO 00C.TYKHBAHUS B CHCTeMaX NMpe10CTaABIEHHS
HH(OPMALMOHHBIX yCIYyT

Be160p AuCHMIUIMHBI 00CITYKMBaHMS B CHCTEMaX MH(OPMAIIMOHHOTO CEPBHCA BO MHOTOM OIPEAEISIeTCs
9KOHOMHUYECKOH 3((EKTHBHOCTHIO IMpeAoCcTaBIeHUsT MH(POPMAaIMOHHBIX yciyr. D((heKTHBHOCT MH(pOPMAILH-
OHHOTO CEpBHCAa OXapaKTEepPH3yeM IPHOBUIBI0 OT OE30MIMO0YHOTO MPEeNOCTABICHUS HMH()OPMAIIMOHHBIX YCIYT,
HOJIy4aeMyFO B €AMHHIY BPEMEHH (MHTEHCUBHOCTD HOJIyYEHHS IPUOBLIN):

D=%[¢,P-¢,(1-P)],
rJe A — HHTEHCHUBHOCTb IIOTOKA 3alPOCOB; P — BEPOATHOCTH 0€30IIMO0YHOTO BBINOJIHEHUS 3alpoca; ¢, — MpHU-
ObLIb OT 0€30MO0YHOr0 BBIIONHEHH 3alpoca; ¢, — WITpad IpU ero HeHa/ulexkalieM oOcIy:kuBaHUU (0OciLy-
JKMBaHHE C OIIMOKON).

Ha puc. 3 npusenen rpaduk 3aBUCHMOCTH NPUOBLIM IPENOCTaBIeHNsT HHPOPMAIIMOHHBIX yCiIyr D, npu
¢,=1ye. u ¢, =25 y.e. OT HHTEHCHBHOCTH NOCTYIUICHHS 3aI[POCOB A.

D,y.e.l/c
1
2
2 \ e
3
4
1 ~
~ 5
N\
0
E—
0 1 2 A, /e

Puc. 3. 3aBrucuMOCTb NpUGHINM NpeocTaBneHnst UHPOPMaLMOHHbIX ycnyr D OT MHTEHCUBHOCTU 3aMpocoB A .
Mpunbbinn oT NpegocTaBneHns NHPOPMaLMOHHbLIX Yeryr D ¢ pe3epBrpOBaHHbLIM BbINOMTHEHUEM 3aMpPOCOB
COOTBETCTBYIOT KpMBble 1-3, a 6e3 ux pe3epBMPOBAHHOIO BbINOMHEHNS — KpuBble 4—6

Ha puc. 3 npu unTeHCMBHOCTH OMOOK A, =107 1/c, L, =3x107 1/cu Ay =5x107 1/c kpubie 1-3

COOTBETCTBYIOT NPUOBIIM OT NPEIOCTABICHUSI HHPOPMAIMOHHBIX YCIyT D ¢ pe3epBUPOBAHHBIM BBHITIOJIHEHHEM
3ampocoB, a KpuBble 4-6 — TpUOBIIM OT TPEAOCTaBIEHHMH HWH(OPMAIMOHHBIX yciayr D mpu ux
Hepe3epBUPOBAHHOM BBITIOJTHEHHH.

U3 puc. 3 BumHa 3¢ PpeKTHBHOCTE pe3epBUPOBAHHOTO OOCIYKHUBAHUS 3aIIPOCOB, OIICHUBaeMasl 110 TIPUObI-
JIM, TIOJTy4aeMOoii B IMHHITY BpEMeHH, 0e3 ydeTa BIMSHUSA 3aIepKeK 1 HeperpyKeHHOCTH y3JIO0B.

[TpuObUTE OT IpenocTaBIeHUsT HHPOPMALIMOHHBIX YCIYT MOXKET 3aBHCETh OT 3aiepiKeK OOCIYy>KUBaHHS
3aIPOCOB, B 3TOM Cliy4ae 3pHeKTHBHOCTH 00CITY )KUBAHHS ONPENETINM KakK:

A=L[sP—c¢,(1-P)],

Ie s — HOPMHUPOBAaHHAs MPHUOBUIL OT OOCITYXXHMBaHMS 3alpoca B 3aBUCUMOCTH OT 3aJEpKKH OTHOCHUTEIBHO
IpeAeabHO AOMYCTUMOTO 3HAUEHNs BpDEMEHU OXKUIAHUS ¢

_ (tmaxc _t)CO
tMa.KC
MPU 3TOM CpEJHHE BPEMEHa OKUIIAHWSI B MHOTOKaHAJBHBIX CHCTEMax ¢ ¢ U 0e3 pe3epBUPOBAHHOTO 00CITYKHBa-
HUS 3aIPOCOB BBIYHCIISIOTCS COOTBETCTBEHHO 1m0 popmyam (2) u (1).
Ha puc. 4 nmpuseneH rpaduk 3aBUCUMOCTU 3PPEKTUBHOCTH MPEIOCTABICHUS HHGOPMAIIMOHHBIX YCIyT A

npu ¢,= 1 ye. u ¢, =25 y.e. OT HHTEHCUBHOCTH 3aIIPOCOB A.
0 1

Makc

>

Ha puc. 4 npu nHTeHCHBHOCTH OLMOOK A, =107 1/c, A, =3x107 1/cu Ay, =5x107 1/c xpusbie 1-3
COOTBETCTBYIOT ()(EKTHBHOCTH TPENOCTABICHHS HHPOPMALMOHHBIX YCIyr A ¢ Pe3epPBHPOBAHHBIM
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BBITIOJTHEHUEM 3aIpOCOB, a KPHUBBIE 4—6 COOTBETCTBYIOT 3((EKTHBHOCTH TPEIOCTABICHUS HH()OPMAIIMOHHOTO
cepBuca 0e3 pe3epBHpOBaHHS OOCIyXuBaHMA. VI3 mpuBeneHHOro rpaduka BHIHO, YTO OSKOHOMHYECKAs
3 }eKTUBHOCTS PE3epPBUPOBAHHOIO OOCIY)KMBAaHHS 3alpPocOB A TpH (OPMHUPOBAHHM CTOMMOCTH YCIYI B
3aBUCUMOCTH OT 3aJEpPKKM HMX IPENOCTaBIeHHS BbINIe, 4eM 3(()EKTHBHOCT TaKOro oOCIy)XuBaHHSA Oe3
PE3epPBUPOBAHHOIO BBINOIHEHUS 3alIPOCOB JIUIIB 0 OIPEAENIEHHOIO IIOPOra HHTEHCHBHOCTH IIOTOKA 3allPOCOB.
Takoxe npu yBeTMYEHUH HHTEHCUBHOCTH OIIMOOK pa3HUIa d3((PEKTUBHOCTH TPEIOCTaBICHUS HH(POPMAIIMOHHBIX
ycaIyr ¢ u 6e3 pe3epBUPOBAHHOTO OOCITYKHUBAHUS 3alIPOCOB YBEIUUUBACTCSL.

A, y.e.lc /

o)
—

-1 \
0 1 2 A, 1/c

Puc. 4. 3aBucumMocTb 3¢pEKTUBHOCTM NpeaoCTaBeHNss MHPOPMAaLMOHHBIX YCryr A OT MHTEHCUBHOCTY
MOCTYNneHus 3asiBok . Mpu nHTEHCMBHOCTM ownbok A, =107 1/c, A, =3x107 1/c, A, =5x107 1/c kpuBblE
1—3 COOTBETCTBYIOT PE3EPBMPOBAHHOMY, a KpUBbIe 4—6 — HEpe3epBMPOBAHHOMY BbINOMHEHMWIO 3aNpPOCOB

3akJjouenue

[TpoBeneHo mccienoBaHne BO3MOXKHOCTEH NOBBIIEHHS 3()h(HEKTHBHOCTH 00CITY)KUBaHUS MIPU PE3EPBUPO-
BaHMH BBIIIOJIHEHHUS KOIIMH 3alIpOCOB B PAa3HBIX MPHOOpax MHOTOKAHAJIBHOW CHCTEMBI B YCIIOBHUSX HEHAJEKHO-
CTH BBIYUCIICHUH.

ITokazaHo, 9TO ST MHOTOKAHAJIBHBIX CUCTEM OOCIYKMBaHHMS, (PyHKIIMOHUPYIOIINX B YCIOBHAX OTKa30B
u ommOOK, cymecTByeT 001acTh 3h(heKTUBHOCTH pe3epPBUPOBAHHOTO OOCITYKUBAHHUS 3aIIPOCOB.

OmnperenieH NOPOr MHTCHCUBHOCTH MTOTOKA 3aIIPOCOB, HIXKE KOTOPOTO PE3ePBUPOBAHHOE OOCITyKHUBaHHUE
3aIIPOCOB CTAHOBUTCSI LIENIECOOOPA3HBIM.

ITokazaHa BO3MOYKHOCTH MOBBIIEHUS 3()(HEKTUBHOCTH CHCTEMBbl Ha OCHOBE aJaNTHBHOTO HW3MEHEHHS
KPaTHOCTH Pe3epBUPOBAHMUSI 3aIIPOCOB B 3aBUCUMOCTH OT MHTEHCUBHOCTH TIOTOKA 3aITPOCOB.
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