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AHHOTANMSA

IIpenver wuccienoBanusi. AHamu3upyercs  d(G(PEKTHBHOCTh PE3CPBHPOBAHHOTO BBIIOIHEHHS 3alpPOCOB C Yy4YeTOM
HEHA/IeKHOCTH BBIUUCIIEHUH B KOMIBIOTEPHBIX CHCTEMaX, INPEICTaBIAEMbIX MHOTOKAaHAJIbHBIMM CHCTEMaMH MacCOBOIO
obciyxuBaHuss ¢ obuiedt ouepenpto. Llenp paboTel — wHCCIEAOBaHHE BO3MOXKHOCTH MOBBIMICHUS 3(P(EKTHBHOCTH
00CITy)KMBaHUs TIPH PE3CPBUPOBAHHOM BBITIONIHEHUH KOMHH 3alpOCOB B Pa3HBIX MPHOOPAaX MHOTOKAaHAJIBHOW CHCTEMBI B
YCIOBHAX HEHAZEKHOCTH BBHIYMCICHHU. [Ipu pe3epBHpPOBaHHOM OOCITYKMBaHUH 3ampoca TpedyeTcs 0e30IHNO0YHOCTh €T
BEINIOJHEHUST XOTsI OB B ogHOM H3 mpubopoB. Metoa. s ananmm3a 3GQeKTHBHOCTH pE3epBHPOBAHHOIO OOCITYKHBaHUS
3aIpOCOB PAacCMOTPEHA OLEHKA CPENHETO BPEMEHM IPeObIBAaHMS B CHCTEME C IPUMEHEHHEM M 0e3 NPHMEHCHUS
pE3epBUPOBAHUsSI 3al[POCOB MPH TIPEICTABICHUH CHCTEMbI NMPOCTEHIICH MOIEIbI0 MaccoBOro obciyxuBanus tura M/Min.
IIpencraBienHast oLeHKa CPEJHEr0 BPEeMEHH MPeObIBaHuUS TP PE3EPBUPOBAHHOM BBIIIOIHEHUH 3aIIPOCOB SIBIISIETCS] BEPXHE,
TaK KaK He YYUTHIBACT BO3MOXXHOCTbD €r0 CHIKEHUS B PE3yJIbTaTe BEPOSITHOCTHOTO pa3dpoca BpeMEHH BBINOTHEHHUS 3alIpOCOB
pazubiMu nipubopamu. KoMmiekcHast 3 (heKTHBHOCTh pe3epBUPOBAHHOTO 00CITY)KHBAHUS 3alPOCOB OINpE/EICHa Ha OCHOBE
MYJIBTHIUTAKATUBHOTO TTOKA3aTelsl, YIUTHIBAIOIIETO Oe30IIMO0YHOCTD BEIYMCICHUI U CPEAHUI 3amac BpeMEHH OTHOCHTEIIEHO
MpeIesbHO JIOMyCTUMON 3aiepKKku oOcmyxuBaHuA. OIleHKa 0e30IMO0YHOCTH BBIYMCICHUH MpPH PE3epPBHPOBAHHOM
BEINIOIHEHUH 3alpOCOB IOJTydYeHA IPH TPeOOBAaHMM OE30IIMOO0YHOrO BBINOJMHEHHS XOTS OBl ONHON KONMH 3arpoca.
OcHoBHBIe pe3yabTaThl. [loka3aHO, 4TO pE3epBHPOBAHHE 3AIIPOCOB JAET BHIMTPHIN B 3(P(EKTHBHOCTH CHUCTEMBI IIPU
HEOOJIBIION HMHTCHCHBHOCTH 3ampocoB  (3arpyske). Ompenenena rpanuna uenecoobpasHoctd  (3ddexruBHOCTH)
PE3epBUPOBAHHOrO OOCITY)KMBaHMS 3ampocoB. Iloka3aHa BO3MOXKHOCTH MOBBILICHHS A(P(EKTUBHOCTH CHCTEMBI IIPU
aJaTUBHOM M3MEHEHUM KPaTHOCTH PE3€PBUPOBAaHUS 3allpOCOB B 3aBUCHMOCTM OT MHTEHCHBHOCTH IOTOKA 3alpOCOB.
YcTaHOBIEHO, YTO BBIOODP AMCLMIUIMHBI OOCTYXHMBAaHHA B CHCTEMax MH(OPMAIIIOHHOTO CEpBHCA BO MHOTOM OINpeneNseTcs
SKOHOMHYECKOH 3(PPEKTUBHOCTHIO TPENOCTABICHHA WHQPOPMAIMOHHBIX YCIYT, KOTOpas OIECHUBAETCS NPHOBUIBIO OT
6€30uIMO0YHOT0 MPEAOCTaBICHHS HH(DOPMALUOHHBIX YCIIYT, MOIy4aeMOil B €IHHUILy BpeMeHH (MHTEHCHBHOCTH MOJTYYCHHUS
npubbun). IlokazaHo, 4to cymiecTByeT 001acTh 3(DPEKTUBHOCTH HH(MOPMALMOHHOIO CEpBHCA INPU PE3CPBUPOBAHHOM
00CITy’KMBaHHU 3alIPOCOB B YCIJIOBHSX OTKa30B M omuOOK. OmpenenreH MOpOr MHTEHCHBHOCTH IIOTOKAa 3allpoOCOB, HIDKE
KOTOPOTO pPe3epBUPOBAHHOE OOCITy)KHMBaHUE 3alpocoB IienecooOpasno. IlpakTHyeckass 3HAYMMOCTB. [IpencTaBieHHBbIE
pe3ysibTaThl MOTYT OBITh HCIHOJIB30BaHBI IPHU IPOEKTHPOBAHMH KOMITBIOTEPHBIX CHCTEM, B TOM YHCIIE CHCTEM
NPEeI0CTaBICHHsT HHPOPMALHOHHBIX 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. M ethod. 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 infalibility 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 coBpeMeHHBIM BBIYMCIHTEIBHBIM CHCTEMaM MPEIbIBISIOTCS BEICOKHE TPeOOBaHUs MO GE30IIaCHOCTH,
MIPOU3BOIUTEIILHOCTH, OTKa30yCTOMYNBOCTH, (PYHKIIHOHAIBHOW U CTPYKTYPHOH Halle)KHOCTH, JOCTUraeMble IPU
pe3epBHpOBaHUK pecypcoB U ux Koncomumauuu [1-7]. Ilox dyHKIMOHANBHON HageKHOCTBIO [8] moHMMaeTcst
CBOMCTBO CHCTEMBI COXPaHATH YCTOMYNBOCTD BBIYUCIMTEIBHOTO MpoLiecca IIPHU CBOEBPEMEHHOM 0e30IHO0YHOM
BBINIOJIHEHHUH MTOCTYIAIOIINX B CHCTEMY 3allpOCOB B YCJIOBHSX OTKa30B, COOEB U OIIHOOK.

Jnst CTPYKTYypHO M30BITOYHBIX KOMIBIOTEPHBIX CHCTEM YCTOMYHMBOCTH BBIYMCIHUTEIBHOIO IpoLecca
(byHKUMOHATIBHAS HAJIKHOCTD) MOXKET MOAJICPKHUBATHCS TIPH IMHAMHYECKOM PACTIpeiec/ieHnn 3anpocos [9-18],
B TOM YHCIIC MTPU HAPABICHUN PE3CPBHBIX KOMH, MOCTYMAIOIIMX B CHCTEMY 3allPOCOB Ha 0OCTy:KHBaHUE B HE-
CKOJIBKO Y3JI0B (Ka)KI[aSI KOIIMS BBIIIOJIHSACTCA OTACIBbHBIM ySHOM). CHCTEMOTEXHUYECKOE MPOCKTUPOBAHUE CHUC-
TeM 00pabOTKH JAaHHBIX 0a3UPYeTCs HA UCMONB30BAHUM MAaTEMAaTHYECKOTO ammnapara TEOPUH MaccoBOro 00Cy-
JKUBAHMsS, TEOPUHU HaJEeXKHOCTH [6, 18-24].

Mozenu ¢ pe3epBHPOBaHHBIM OOCITYKHBAaHHEM 3allPOCOB Pa3HBIMHU y3JaMH Ul Kiactepa N OXHOKaHAIIb-
HBIX CHUCTEM C MHIMBUIYAJIbHBIMH OuepelsiMH, QYHKIMOHHPYIOIIMX B YCIOBHAX COOCB, OTKa30B M OIIMOOK BHI-
YHCIICHUH, UcclieoBaHbl B pabore [8]. Momenu cucTeM ¢ pe3epBHPOBAHHBIM OOCITY)KHBAHHEM 3alpOCOB IS
MHOTOKaHAIBHOU CHCTEMBI C 00IIIei ouepebio TIpeaIokensl B paborax [18, 19]. B momensx [18, 19], ecnu ywc-
JI0 3aHATHIX MPUOOPOB B MOMEHT IIOCTYIUICHHUS 3alIpOCa MEHBIIE HEKOTOPOTO ITOPOTOBOTO 3HAYEHUs, TO 3aIPOC
KOTIAPYETCH, a €ro KOMUU 0OCIYKMBAIOTCS BCEMH CBOOOAHBIMU IpuOopamu. Ecim 4uciio 3aHATHIX MpHOOPOB B
MOMEHT MOCTYIUICHHUS 3aIpoca He MEHBIIIE 3TOrO MOPOTOBOTO 3HAYEHHS, TO 3aPOC OOCIYKHUBACTCSA OMHUM TIPHU-
6opom. B padote [19] omucana Mojens AUCHUIUTHHBI 00CTY:KUBAHUsI, IPU KOTOPOH, KOTJIa KMEIOTCST CBOOOTHBIE
npubopsl (MpoIeccophl), BCe OHU 3arpyKarOTCs Ha IIUPOKOBeNIaTesibHoe (pe3epBUPOBAHHOE) BBITIOIHEHHE KO-
nuii 3anpoca. OxHako B padorax [18, 19] He paccMarpuBaeTcsi BIUsSHUE HEHAJCKHOCTH MHOTOKAHAIBHBIX CHC-
TeM Ha CpeHee BpeMs PEe3CPBHPOBAHHOIO BBIMOJIHEHHUS 3alpoca, IpH KOTOpoM Tpebyercs Oezommbo4yHOe 00-
CIY>KUBaHHE XOTsI ObI OJIHOM €ro KOITHH.

B Hacrosiieil paboTe NpeIIoKEHBl MOJCIH PE3ePBHPOBAHHOIO OOCIYKHBAHHS 3allPOCOB B MHOTOKa-
HAJBHBIX CHCTEMaX MacCOBOTO OOCITY)KUBAHUS MPH TPeOOBaHUH OS30MMO0THOTO OOCTYKIBAHUS XOTSI OBl OTHOM
KOIIMH KaXKJI0T0 U3 3alIPOCOB.

IlocTanoBKa 3aga4M HCCIEI0BAHANA

PaccmoTpruM MHOTOKaHAJIBHYIO CHCTEMY OOCTy)KMBaHHUS ¢ N mpubopaMu U OecKOHEUHOW o0IIel ouepe-
JIbIO B TIPEJIIONIOKEHHH, YTO BXOSIINI MTOTOK 3aIIPOCOB — MPOCTEHINNI ¢ MHTEHCUBHOCTBIO A, 8 00CITy)KUBaHHUE
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IKCIIOHEHIIMAILHO CO CPETHUM BpPEMEHEeM OOCIyXKHBaHHs 3arpocoB V. [IpU BBIMOIHEHUU 3alpOca BO3MOXKHBI
OLIMOKH, BEPOSTHOCTH KOTOPBIX OAMHAKOBBI [UIsi BceX oOciyxuBaroiux npubopos. [Ipeamnornaraercs, 4To BO3-
MOXKHO PE3epPBHPOBAHKE OOCITyXXMBaHHsA 3ampoca Ha K mpubopax, npu TpeGoBaHMH GE30MMOOYHOCTH €TI0 BHI-
IIOJIHEHUA XOTA 6bl B OJHOM H3 HHUX. Mo,uenb CTPOUTCA B HNPECAIOJOKCHUN HC3aBUCUMOCTU BO3HUKHOBCHHS
omuOOoK B mpuOopax, MPUHIMAIOIINX K 00CITYKHBAHUIO KOIIHH 3aIIPOCOB.

enp paboTel — uccnenoBanue QGHEKTHBHOCTH PE3EPBHPOBAHHOTO OOCITYKHUBAHHUS 3alIPOCOB B YCIOBHUSX
HCHAJIC)KHOCTH BBEIYUCIICHUH.

O1eHKA cpeTHero BpeMeHH 0KHIaHUsI 3alPOCOB B MHOTOKAHAJIBHBIX CHCTEMAX ¢ PUMEHEeHHEM
H 0e3 MpUMEeHEeHHs pe3ePBUPOBAHHOTO 00CTY;KHBAHUS 3aMPOCOB

CpenHee BpeMsl OXHIAHHSI Ui MHOTOKAHAIBHBIX CHCTEeM 0€3 pe3epBHPOBAHHOTO OOCIYKUBAHHS
3anpocoB tuma M/M/N BerauciseTcst o u3BecTHBIM popmyram [20, 21]:

v
t=p—" 1
n(1-p)
rme V — cpelHee BpeMs BBHIIONHEHHsS 3ampoca, N — YHCIO OOGCHYKHBAIOIMX IIPHOOPOB, p=AV/N—

K03((DUIMEHT 3arpy3KH CUCTEMBI, A — HHTEHCHBHOCTh ITOTOKA 3alPOCOB, a Py — BeposSTHOCTH TOTO, YTO 3asBKa
NOMAJIET B O4epe/ib, onpeessieMas Kak

_ ()" [S5(me)” (ne)”
° ni(1-p) ; st nl(1-p)

ITpn pe3epBHpOBaHMU 3aIIPOCOB KaxIas €ro KOS OJHOBPEMEHHO PACIpeielsieTCsl Ha BBIIOJIHEHHE B
onuH u3 K mpubopoBs, mpu 3ToM OyraeMm mpeHeOperars BO3MOXHBIM Pa3ObpOCOM BPEMEHH BBITOJHCHHUS KOTIHit
3ampoca B pasHbIX MPUOOpax. YUWTHIBAs, YTO BBIMOJHEHHE KaXKIO0TO 3ampoca TpebyeT pecypcoB K mprGopos,
3¢ QeKTUBHAS KaHAIBHOCTh PACCMaTPHBAEMOM CHUCTEMBI MO OOCTY)KMBAHUIO Pa3HbIX 3allPOCOB, MO CYILIECTBY,
yMeHbInaercs ¢ N go N/K kananor. Takoe mpeacTaBieHHe CHCTEMBI OIpaHHUYCHO ycioBueMm, 4to N/K — menoe.
PaccmarpuBas poriecc pe3epBUPOBAHHOTO 00CITYKHUBaHUS K KOIHI 1O 0OCITY)KUBAHHIO OIHOH KOMUH B OJHOM
u3 K npubopos, hopmyiny (1) 1uist OLEHKH CPEIHEr0 BpPEMEHH OKUIAHUsI peodpa3yeM K BULY

vk

e p,., = AVK/ N, a BEPOATHOCTH TOTO, YTO 3AMPOC MONAAET B 09EPE/Ib, ONPEAEIIETCS Kak

(o) |ioe) | o)
(kj!(l_ppﬂ) = . (k)!(l_ppﬂ)

Ha puc.1 npencrasieH rpaguk 3aBUCHMOCTH CpPEIHETO BPEMEHH OXHAAHUS OT WHTEHCHBHOCTH
NOCTYIUICHUST 3asBOK. PacueT mpoBeJeH B cHUCTeMe KOMIBIOTEpHOH Martematnku Mathcad-15 npu uwmcne
00CITy)KMBAIOIIMX IPHOOPOB B cucTeMe N = 8 MIT., CpeHEM BPEMEHHU BBIOJHEHHs 3anpoca V = 1 C, KpaTHOCTH
Ppe3epBUPOBAHHOTO 00CTyKMBaHuUs 3ampocos K= 1,2 4.

t 2

-1

t,C

8

0 2 4 6 A, Ue

Puc. 1. 3aB/CMMOCTb CpeaHero BpeMeHn 0XnaaHus OT MHTEHCMBHOCTU NOCTYMNIEHUS 3asBOK A.
KpuBble 1-3 COOTBETCTBYIOT KpaTHOCTY pe3epBUpPOBaHUs 3anpocoB k = 4, 2,1
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Kpusas 1 (puc. 1) cCOOTBETCTBYET CpEAHEMY BPEMEHH OKHUIAHHS C PE3€PBUPOBAHHBIM BBIIIOJIHEHHEM 3a-
NPOCOB TIpH KparHOCTH pe3epupoBanmst K = 4, kpusast 2 — pu K = 2, a kpuBast 3 — nipu K = 1. 13 mpexcrasieH-
HOTO rpaduKa CIeqyeT, 4T0 CpeAHee BPeMsl OXKUIaHUs IPH PE3EPBUPOBAHUM 3alIPOCOB B YCIOBHSX 0e3011H004-
HOCTH BBIYHCIICHHIT BO3PACTaeT.

[IpexcraBneHHas OIEHKA SBISETCS BEPXHEN 17l pe3epBUPOBAHHOTO OOCITY>KUBAHKS 3allPOCOB, TaK Kak He
YUUTHIBAET BOBMOXKHOCTh CHW)KEHHMSI CPEIHEr0 BPEMEHH UX MPEObIBAHUS MPH PE3EPBUPOBAHHOM O0CITY)KUBaHUU
B pE3YyJIbTAaTEC TOI'0, YTO INPOLIECC 06CJ'Iy)KI/lBaHI/I§I SABJIACTCA BEPOATHOCTHBIM, a 9TO MOXKET NPUBECTU K TOMY, YTO B
OJIHOM M3 KaHAJIOB BPEMSI BBIIIOJIHEHHUSI KOTTHH MOKET OKa3aThCsl MEHBIIIE, YeM B IPYTHX KaHaJaxX.

I dexTHBHOCTH pe3epBHPOBAHHOIO 00CIY)KMBAHHS C YYETOM 3ajIepiKeK 00CTyKUBAHUS 3aN[POCOB
B YCJIOBUSIX HEHA/IEKHOCTH BHIYMCICHU

O¢ddexTuBHOCTH 00CITYKUBAHHS 3aIPOCOB C YIETOM 3a[ePKEK OOCITYKHBAHHUS 3aIIPOCOB W BO3MOKHOCTH
UX OIIMOOYHBIX BHINIOITHEHUH OLIGHUM KaK

b=(t,..—t)P,
rge t,. — MakCHMajbHO JOIlyCTUMOE BpeMs OXMAaHMs 3ampoca; t — cpeqHee BpeMs OXUAAHUS 3aIlpoca;
P — BeposaTHOCTH 6€301MO0YHOTO BHITIOJTHEHHS 3apoca,; (tMaKC —t) — cpenHui 3amac BpeMeHu oxuaanus. [Toka-

3arens b COOTBCTCTBYCT MATEMATUYCCKOMY OKUAAHUIO CPEAHCTO 3alaca BPEMCHU OKUJAaHUS 0e301IH00YHO BBI-
ITOJTHAEMBIX 3aIlpOCOB.

A
BeposaTHOCTh 6e301HBOYHOTO HEPE3ePBUPOBAHHOTO BBINOJIHEHKs 3anpoca P =€, tie A, — cym-

Hepes
MapHasi MHTCHCUBHOCTh OINMOOK M OTKa30B. BeposSTHOCTH O€30IIMO0YHOTrO BBIMOJHEHUS PE3EPBHPOBAHHOIO
3anpoca XoTst ObI B OJHOM 13 K y3J10B, IPUHUMAFOIIHX 3aPOC K 00CTYKUBAHUIO, BEIYUCIISIETCS KaK

P, =1-(1-&™)

pe3

Jlns onpesienenus o6aacTu LeNecoo6pasHOCTH Pe3ePBUPOBAHHOTO 0GCITYKUBaHHS 3aIPOCOB MPOBEIEHbI
PacueThl CO CIETYIOUIMMHI HCXOHBIMU JJAHHBIMU: YMCIIO IPUGOPOB B cHcTeMe N = 8 IUT.; KPaTHOCTb PE3EPBHPO-
BaHHOTO 00CITy)KMBaHUs 3anpocoB K = 2; cpejiHee Bpemst BBIIONHEHHs 3anpoca V = 1 ¢. IHTEHCHBHOCTB 0MKMG0K
Ay =102 Ue, Ay, =3x107 Uc uiy, =5x107 lc; MakcuManbHO [OIYCTHMOE BPEMs OKHAAHHS 3ampoca

t =2c.

MaKc

Ha puc. 2 mpencrasieH rpaguk 3aBUCUMOCTH 3G(GEKTHBHOCTH D OT HHTEHCHBHOCTH 3aIIPOCOB A.

b,c—7 2
2
7
3
!
4
1,95
/
g
6
1.9
0 05 083 1109124 X 1/c

Puc. 2. 3aBUcMMOCTb 3hEKTUBHOCTM CUCTEMBI OT UHTEHCMBHOCTU 3anpocoB A. MNpy MHTEHCMBHOCTU OLUIMBOK
Aoy =107 1/c, hy, =3x107% 1/c, Ay =5%x107 1/c KpuBble 1-3 COOTBETCTBYIOT PE3EPBMPOBAHHOMY
ob6enyxunsaHuio 3anpocos (k = 2), a kpuble 4—6 — nx Hepe3epBMpoBaHHOMY obcnyxuaHuto (k = 1)

Ilpu HHTEHCHBHOCTH OWMGOK Ay =107 1/c, Ay, =3x1072 Ve u Ay =5x107 e kpussie 1-3 (puc. 2)

COOTBETCTBYIOT KPHUTEPUIO 3((PEKTUBHOCTH CHCTEMBI D 1uIsi pe3epBHPOBaHHOrO OOCIY)KHBAHHUS 3alpOCOB
(k=2), a xpuBsie 46 — 0e3 pe3epBUPOBAHHOTO OOCITYXKHBaHUsS. PacyeTsl MOKAa3bIBAIOT, YTO PEe3EPBUPOBAHHUE
3aIPOCOB JaeT BBIMIPHII B 3P (HEKTHBHOCTH CHCTEMBI IPH HEOONBLION MHTEHCHBHOCTH 3alpPOCOB (3arpyske).
IMosry4eHHbIe 3aBUCHMOCTH HO3BOJISIIOT HAWTH TPaHHUIY Iieiecoodpasnoctu (3dhekTuBHOCTH) pe3epBHPOBAHHO-

ro oGcimyxuBanus 3anpocos. Tak, IPH HHTEHCHBHOCTH OMHMO0K Ay, =5x107 1/c pe3epBUPOBAHHOE 0GCITYHKH-

BaHME 3aIPOCOB I1eJecO00pa3Ho Ik HHTEHCHBHOCTH 3ampocos A<1,09 l/c.
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W3 puc. 2 BUIHO, 9TO MPH pOCTE MHTEHCHBHOCTH OIMIHNOOK TpaHUIB () (HEKTHBHOCTH pe3epBUPOBAHUS 3a-
IPOCOB YBEINYMBAIOTCS. POCT MHTEHCHBHOCTH 3aIpPOCOB IPHUBOANUT K yBenmdeHuo s exruBHocTr b mpu pe-
3epPBUPOBAHHOM BBITIOJIHEHHH 3aIIPOCOB.

Takum 00pa3oM, Uil HOBBILEHUS 3((OEKTHBHOCTH CHCTEMBI LIEIECO00pa3HO aJanTHBHOE M3MEHCHHUE
KPaTHOCTU pe3epBUPOBAHHS 3aIPOCOB B 3aBHCUMOCTH OT HHTEHCHBHOCTH IIOTOKA 3aIIPOCOB.

I deKTUBHOCTH MPEAOCTABJICHNUS Pe3ePBHPOBAHHOIO 00CTYKHBAHUS B CHCTeMaX NMPe10CTaABIEHHS
HH(OPMALMOHHBIX yCIYyT

Bb160p AnCHMIUIMHBI 00CITYKMBaHHS B CHCTEMaX MH(MOPMAIIMOHHOTO CEPBHCA BO MHOTOM OIIPEAEISIETCS
9KOHOMHUYECKOH 3((EKTHBHOCTHIO MPEAOCTaBICHUS MH()OPMALMOHHBEIX YcIyr. J(h(PeKTHBHOCTh HHPOPMAIHU-
OHHOTI'O CEepBHCa OXapaKTepHU3yeM NPHOBUIbIO OT 0€30IIMO0YHOrO HPEJOCTABICHUS HH(POPMALMOHHBIX YCIYT,
MOJTy9aeMyIO B €AMHUILY BPEMEHU (HHTECHCHBHOCTD ITOTYUYCHHS IPUOBLIN):

D=%[gP-¢(1-P)],
rJe A — MHTEHCHUBHOCTb IIOTOKA 3aIpoCcoB; P — BeposATHOCTH 0e30IHO04YHOr0 BBIIOIHEHHUS 3a1poca; C, — IpHu-
OBUTB OT 0E30IIHO0YHOTO BHITOJIHEHHS 3alIpoca; C, — mTpad Ipu ero HeHajuIexkameM obcaysxkuBaHun (06cy-

JKHBAHHUE C OMIHOKOIA).
Ha puc. 3 mpuBeseH rpaduk 3aBHCHMOCTH NPHOBUTH MPEIOCTaBIeHNs HHGOPMAMOHHBIX yeuyr D, mpu
C,=lye.u ¢, =25y.e. OT HHTEHCHBHOCTH IIOCTYIUICHHS 3aIIPOCOB A.

D, y.e.lc

1 2

2
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4
1
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N
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Puc. 3. 3aBMcUMOCTb NpUGHINM NpeocTaBneHnst UHPOPMaLIMOHHbIX ycryr D OT MHTEHCUBHOCTU 3aMpocoB A .
MpuGbINM oT NpeaoCcTaBneHns MUHPOPMAaLMOHHBIX ycnyr D ¢ pe3epBMpPOBaHHLIM BbINOMHEHWEM 3aMpPOCOB
COOTBETCTBYIOT KpuBble 1-3, a 6e3 ux pe3epBMPOBaHHOIO BbINOMHEHNS — KpUBbIE 4—6

Ha puc. 3 mpu HHTEHCHBHOCTH OMMOOK Ao =107 1/c, Ay, =3x107 Ve u Ay =5x107° e kpusble 1-3

COOTBETCTBYIOT NPUOBIIM OT NPEAOCTABICHUsI HHPOPMAIMOHHBIX yCiyr D ¢ pe3epBHpOBaHHBIM BBHITIOJIHEHHEM
3ampocoB, a KpuBble 46 — mnpHOBUIM OT TPEeAOCTaBIEHHMH HH(MOPMAMOHHBIX yciayr D mpm  mx
Hepe3epBUPOBAHHOM BBIIOJIHEHHH .

U3 puc. 3 BugHa 3pPeKTUBHOCTH PE3EPBUPOBAHHOTO 00CITYKUBAHHUS 3aIPOCOB, OLICHUBAEMast IO TPUOBI-
JIM, IOJTy4aeMOoi B €AMHHITY BpEeMeHH, 03 yueTa BIUSHHUS 3a4ePKEK 1 IeperpyKeHHOCTH y3JIOB.

[TpuObUIE OT IpenocTaBIeHUs MH(OOPMALIMOHHBIX YCIYI MOXKET 3aBHCETh OT 3aiepiKeK OOCIYy KUBAHHS
3aIPOCOB, B 3TOM cliy4ae 3(pHEeKTHBHOCTh 00CITY>KUBAHHS ONPEIETNM KakK:

A=A [ -G (1-P)].

IIe S — HOPMHUpPOBAaHHAs MPUOBUIL OT OOCITYXXHMBaHMS 3alpoca B 3aBUCUMOCTH OT 3aJ€PKKH OTHOCHUTEIBHO
MPEENIBHO JOMYCTUMOIO 3HaYE€HUsS BpEMEHH OXKUJaHUs t

(e~
tMHJ(C
IIPY 3TOM CpEIHHE BpeMeHa O)KHJIaHUs B MHOTOKaHAIBHBIX cHcTeMax t ¢ 1 6e3 pe3epBUpPOBaHHOIO 0OCITYKHBa-
HHS 3a[TPOCOB BBIYUCIISIOTCS COOTBETCTBEHHO 110 hopmynam (2) u (1).
Ha puc. 4 npuBenen rpaduk 3aBUCUMOCTH 3P(PEKTUBHOCTH NPEOCTaBIeHUS] HHOOPMAIIMOHHBIX YCIIyT A

npu ¢,=1lye.u ¢, = 25y.e. OT HHTEHCHBHOCTH 3aIIPOCOB A.

MaKc

Ha puc. 4 npu HHTeHCHBHOCTH OUIMOOK Ao =107 1/c, Ay, =3x107% Leu Ay, =5x107 Uc kpusble 1-3
COOTBETCTBYIOT J(PQPEKTUBHOCTH TMPEOOCTABICHHS WHPOPMAIMOHHBIX YyCIyr A ¢ pe3epBHPOBaHHBIM
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BBITTOJTHEHHEM 3aIlPOCOB, a KPHBbIe 4—6 COOTBETCTBYIOT 3((PEKTHBHOCTH TPEIOCTABICHUS WH()OPMAIIHOHHOTO
cepBuca 0e3 pesepBHpOBaHHs OOCTyXuBaHWs. 3 mpuBeqeHHOTo rpaduka BHIHO, YTO OSKOHOMHYECKAst
3 (HEKTUBHOCTS PE3EPBUPOBAHHOTO OOCITYKMBAaHUSA 3alpoCcoB A Tipu (GOPMHUPOBAHHH CTOMMOCTH YCIyT B
3aBUCHMOCTH OT 33JICpKKH HMX TPEAOCTABICHHS BhIlIe, 4eM 3(PQPEKTUBHOCTh TAKOTO OOCIYKUBaHUs Oe3
PE3epBUPOBAHHOTO BHIMOJHEHHSI 3AIPOCOB JIKIIb JI0 OMPEICICHHOIO MOPOra HHTEHCHBHOCTH MOTOKA 3alpoOCoB.
Taxke npu yBETHYEHUH HHTEHCUBHOCTH OINHOOK pasHuIila 3((PEeKTUBHOCTH MPEIOCTABICHUS HHPOPMAIIMOHHBIX
yeayr ¢ u 06e3 pe3epBUPOBAHHOTO 0OCITYKUBAHUS 3aIIPOCOB YBEIHUHBACTCSI.

A,y.elc ) /
=,
2\
1 y gl 3\
/// 45 \\

y : \
0 - \
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0 1 2 A, e

Puc. 4. 3aBucUMOCTb 3hHEKTUBHOCTU MPeAocTaBNeHns MHCOPMALIMOHHBIX YCITyr A OT MHTEHCUBHOCTM
MOCTYNNeHNst 3asiBOK . Mpy MHTEHCUBHOCTM oWNGOK Ay, =107 1/c, Ay, = 3x107 1/c, Ay =5x107 1/c kpusble
1-3 COOTBETCTBYIOT PE3EPBMPOBAHHOMY, a KPUBbIE 4—6 — Hepe3epBMPOBaHHOMY BbINOIMHEHMIO 3aMpPOCOB

3akJjouenue

[TpoBeneHo mccienoBaHne BO3MOXKHOCTEH NOBBIIEHHS 3()(HEKTHBHOCTH 00CTYKUBaHUS MIPU PE3EPBHUPO-
BaHMH BBIIIOJIHEHUS KOIMH 3alIpoOCOB B PAa3HBIX MPHUOOpax MHOTOKAHAJIBHOW CHCTEMBI B YCIIOBHSIX HEHaJEKHO-
CTH BBIYUCIICHUH.

ITokazaHo, 9TO AJISI MHOTOKAHAJIBHBIX CUCTEM OOCIYKHBaHMSA, (PyHKIMOHUPYIOIINX B YCIOBHAX OTKA30B
1 OmHOOK, CYIIeCTBYeT 001acTh d(h(HEKTHUBHOCTH Pe3epBUPOBAHHOTO OOCTYKIBAHUS 3aIIPOCOB.

OmnpeneneH NOpor MHTEHCUBHOCTH MOTOKA 3allpOCOB, HIKE KOTOPOTO Pe3epBUPOBAHHOE OOCITYKHBaHHE
3aIllpOCOB CTAHOBUTCS 1I€TIECO00PA3HBIM.

ITokazaHa BO3MOYKHOCTH MOBBILIEHUS 3()(HEKTUBHOCTH CHCTEMBbl Ha OCHOBE aJaNTHBHOTO HU3MEHEHHS
KPaTHOCTH Pe3epBUPOBAHMUSI 3aIIPOCOB B 3aBUCUMOCTH OT MHTEHCUBHOCTH TIOTOKA 3aITPOCOB.
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