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1. Ob6mast XxapakTepuCTUKA 3a/1a9 TeOPUN MaCCOBOI0 00-
CJY2KUBaAHUS

B nocaepnue jecaruierus B MaTeMaTHKe BOBHUKIN MHOIOYHCICHHBIC HOBBIE HATIPAB-
JIeHns ucciesiopannii (Teopust urp, reopust rpadhoB, TEOPHS CTIAANHOE, TEOPUs MACCOBOIO
obcayzkuBanud, u T.,.). CBONM BO3HUKHOBCHHEM OHU OBAZAHBI ¥ PA3BUTUIO CAMOH MaTe-
MATUKM, 1 110TPEDHOCTSM HPAKTHKH.

Hacro B 00bIMHONR 0OCTAHOBKE NPUXOJUTCH CUHTATHLCS HE TOABKO € BO3MOXKHOCTBHIO
HOABJEHUS] CAYHAlHbIX BJAMAHME, KOTOPBIC HAJArATCA HA HEKOTOPDBIE 3aKOHOMCPHOCTH,
[0 BO3HUKACT TaKasi CHTYallUs, YTO UMCHHO Ciy4daiinpie BO3JEHCTBUA ABJASIOTCA ONpee-
JAIOIMME JIJIA BCero JadbHeRIIero nponecca. 3alaui TeOPUH MaccoBOro 00CayKuBaHns
(namee — TMO) OTHOCATCA UMEHHO K HTOMY THILY.

[epsoie 3agaun TMO 6blin pacemorpenst corpyanukonm Konenrarenckoit renedonnoi
KOMIaHuH, ydeHbiM Dpaanrom (1878-1929) B nepuos mexkay 1908 u 1922 ronamu. Cro-
sl1a 3aja4a YIopsAouuTs pabory Teae]oHHOR CTauiuy 1 3apaHee PaccYuTarh KadecTBo
obeayKkuBanns 110rpedbure/ieil B 3aBUCHMOCTH 0T YUC/IA UCTIONL3YEMBIX YCTPOUCTE.

PacemoTpum cxemarudeckn tesiepOHHYIO CeTh TOro BpeMenu. Mmeercs renedonnbif
yaeil (obcayscusarowuli npubop), Ha KOTOPOM TeAeHOHRCTKI BPEMS OT BPEMEHH COCIIHS-
0T OTAEAbHbIC HOMepa Tejaehonos Apyr ¢ apyroM. CHCTeMbI MACCOBOrO 00C/IyKHBAHNAA
(nasee CMO) MoryT GbIThH JBYX BUJIOB: ¢ OKHJIAHHEM H 63 OXKIIAHNS (1.€. ¢ moTepsMu).
B nepsom ciyuae Bb3oB (mpeboganue, 3aA6Ka), NPHIICHIINHE Ha CTAHIMIO B MOMEHT, KO-
L2 3aHATa HY KHAad JIMHUA, 0CTaeTCs »KJIaTh MOMEHTa coequHeHus. Bo BTopom ciydae ol
sokpgaeT cucremy” u me tpebdyer 3abor CMO.

Hanee obparum BEMManKHEe Ha ciaeiyioliue 1sa (axra.

Bo-nepspix, MOMeHTHI BEI30BOB Hejlb3sl 3apamee (DUKCHPOBATH, W MOCTYNAIOT HA CTAH-
o oy cayvaiino. Mozker ciydurbes, 4To 38 KAaKOH-TO KOPOTKII MPOMEXKYTOK BPEMEHY
UX MOCTYNNT O4YEeHb MHOTO, H HA00OPOT, ByaeT AmuTenbHbiil CpoK 6e31eficTBIA CHCTeMDI.
Korjia amo npousoiiger - npeackazars HEBO3MOKHO,

Bo-BTOPBIX, €C/N PA3TOBOP HavaICs (T.. HAYAI0Ch OOCAYKUBAHNE), TO HEb3s IPe/l-
CKA3aTh, KOIJa O KOHYnTCs. ViHade ropops, LN TejbHocTh 3aHATOCTH JJUHTH KaKIM-J1n60
Pa3sroBOPOM TMpejcTaBiger cobol Cayyainyo BeJnuuLy.

Taxum obpasom, B urore nosyuaercs ABofiHas ciaydailnocts. B 9Tux yeaosusax nago
OIEHATD, CKOJILKO TeXHHYCCKHX CHCTEM 1 0DCIYKUBAIOLICTO TIePCOHAA HEOOXOTIMO B3 ThH
JU19 3aJIaHHOT0 KaveeTna 0bC/yKHBaHNS.

C 3ajiayaMy TAKOIO THIA UPUXOAUTCH CTAJTKNBATLCS JTOCTATOYHO YACTO.

1. Pacemorpum paboty ckopoii MeaunuHceKoil nomomu. Mmeercst HecKoabKo BpateOHbIx
Opuraz (npubopos), obemyKuBaOIMUX BH30BE. Ecau Bee Gpurajas 3ansthl, TO Ia-
HHCHT ciayvainoe spems kjer spada. CaMu BbI3OBbl TOXKE HOABJISIOTCA B CIydaii-
HLIE MOMEHTDLI BPEMEHH, T.¢. 37eCh HOJHAA aHalIorusa ¢ paboroit Tenedonnoit cern.
Bonpoc: ¢koibKko my»Kno Bpauedbusix 6Gpuraj, 4robbl CTAHIHES CKOPOH MOMOIM CBOe-
BPEMEHHO 00Ciy KuBaJia TalenToB B 4Tobbl B TO JKe BpeMsl BPadd He OYeHb JIOJITO
ObLI cBODOIHDI?

2. Ilpu pabore npOMBILILIEHHOTO HPEIPUATHS HAJO YUATHIBATH, YTO MEXAHU3Mbl U TeX-
HHYCCKHE YCTPOHCTBA BPEMs OT BPEMEHM JIOMAIOTCA W TPeOYIOT BPEMEHU JiJIsl PEMOH-
ra. lnreaniocrs paborsr MeXaHu3Ma, Kak U JJIMTEILHOCTL PeMOHTA, MPeCTaBILIoT
coboil ciyualinbie Besnunnbl. Bonpoc: CKOILKO HAJMO HMETh PEMOHTHUKOB H KAK Op-
raHnsoBarh nx pabory?



3. PaceMOTpuM MOPCKHE ePEeBO3KY I'PY30B. 3a KazKIble JecaThb JeT 00beM MOPCKHX I1e-
PEBO30K yABauBaercd, MOITOMY OPraHM3alMA OUTHMAJbHOIO MCIOAb30BAHUA CYyI0B
¥ NMOPTOBBIX COOPYZKEHMIT ABAACTCA OJMHON U3 BayKUCHNIMX 3ajat4, & UMEHHO, 3a1a1a
COCTOUT B MAKCHMHU3AIMH 06beMA IePEBO30K IIPH MUHUMABLHBIX 3aTpaTax (1.e. Hajo
COKPATUTDL MPOCTON CYIOB Mepeji MOrpy3Koi u pasrpyskoit). B 1o ke Bpewms, Halpu-
Mep, TSI CYXOTPY3HLIX CYJI0B Ja/bHero aBanust (B OTJIAYIe OT HACCAKUPCKUX) HeT
TOMHOIO PACTTHCAHUS HPUOBITHA CYJIHA B TOPT Ha3HAUCHUs, TaK KaK BO3MOMKHLI pa3-
JM9HBIe caydadinpie pakTophl: BCIpedHbldl BeTep, ypalran, 3aJepKKa ¢ MOrpy3koi u
BLIFPY3KOH B NPOMEZKYTOYIHBIX [OPTAX, MK, Haobopot, oy rHeii Berep. B pesyin-
Tare JJIUTEIBHOCTL Pefica ¥ NIHTEIbHOCTL [OrPY30-pasrpy304ubiX pabor 3aBucAT
OT CHYYalHBIX 00CTOSTEIbCTB, T.e. ONATh B YCJIOBHAX JIBOHHOR CIIyHadHOCTH HYZKHO
PACCYUTATDL KOJMYECTBO HEOOXOAMMBbIX LPHYAJIOB U HOIPY30UHBIX COOPYYKEHUI [
MePEBO30K 3aJJaHHOT0 00'beMa I'PY30B.

4. Pacemorpum pabory npubopa /st olipeiesenns MHTeHCUBHOCTH 4JePHOTO H3iytie-
nug — cuerynk l'eiirepa. Yactuna, nonapmiasg B cCICTYUK, 3alUpaeT ero Aid Ioacde-
Ta HOBBIX YacTil. Bpemsd 3anupaHus 3aBUCHT OT HEPruM 3TOH YacTHILI U ee Xa-
paxTepa u aBjsercs caydainoi penwaunoi. CaM MOTOK JACTUI TOXKE HEPeryJIsapel,
M IPOMEZKYTKH MEXK/Ly JBYMS MOCJAEA0BATENbHO HONAJAIOTTAMA TACTHIIAME — TOXKE
cny4aiigasg pejanyuda. Takuv o0pa3oM, HacTh YaCTUL, OCTAETCA He3aperucTpHpOBall-
HOM, CJICJOBATEIBHO, HAJI0 B IOKA3aHNs CHETYHKA BHOCHTD TONPABKY, 3aBHCATIYIO OT
CAYYARHBIX BEJIMMUIL. 3JECh Mbl HMEeM CHCTeMY C MOTEePAMHU, U BO3HUKAET BOIPOC O
YHCJIEe IOTePSHHbIX " 3asBOK.

K cmeremam Maccoporo o0c/IyzKMBAHUS HPUBOAUT M MHOYKECTBO JAPYTUX 3a/a49: Mpo-
CTOW CY/I0B Tepej NLTI3aMH, HOKyNareaci B MarasuHax, OXKHJaHue TpaHcIopTa, H T...
Ouepenu - OHY COBPEMEHHOI JKU3HH, 103TOMY BO MHOTHX CTpanax ceituac Hojbuioe BHUMA-
Hue 00palieHo Ha N3y YeHne 3aKOHOMepHocTel 06pa3oBaHns ovepeieil 1 UX paccachiBanusd.

B ynomaayreix seime asyx tamax CMO: ¢ motepamur® ¢ OXKHJIaHREM pA3IHYaIOT-
cd ¥ xapakrepucTuku. B neppoif Baykpa BepodATHOCTDL ,,0TKa3a™, a BO BTOPOi - cpejHee
BpeMs OXKUJAaHuA B ovepenn. [Ipumyem, cpefnee Bpemst OyKHJIAHUA ABJACTCH BaryKHOM, HO
HE CJIMHCTBEHHON XapakTepuCeTHKoN. 3ech BaXKHO 3HATDL BEAHIHHY BO3MOXKHOTO pasbpo-
ca JIUTeAbHOCTEH OKUJIAHNS, CPEJIHION JUTHHY OYePeIn, PaclpeieeHue JJIMHbl O1epe/I.
CucreMbl ¢ OKHIAHITEM TOMXKE PA3INYAIOTCS MEXK Y coboit, Tak Kak MOXKeT ObITH cucTeMa
C OKUJANNEM W B TO YK€ BPeMs ¢ noTepsMu (HAIPUMEpP, BXOJUM B MarasiH M OTKa3blBa-
eMcs 0T OBCIYKHBAHKA W3-3a CAUNTKOM 00JbIoi ouepenn). IlpuueM, gacto unrepecyer
HEe BpeMsl OXKWMJIaHWs, a BpeMs IPEObIBAHMS B CHCTEME - BPEMs OKHJIAHUs ILIIOC BpeMs
obcayknBanund. Takue BOMPOCH BO3HUKAIOT, HATIPUMED, NMPH MPOEKTHPOBAHNH Pa3HOI0
poia uHMOPMAIMOHHBIX cuCTeM, Tak Kak uiadopvanusa obragaet cBOfCTBOM CTapeHNs.

Nrax, moxuo sbigenuth Tpu tunia CMO ¢ oxumanneM u ¢ OrpaHngeHnsIMu:

e 1) BasiBKu B OYepeH OCTAIOTCH JO TEX MOP, MOKa OYepeib He JOCTHIHET HEKOTOPO-
ro pukcHpoBannoro obbema (orpanndexue Ha gjauHy odepejn). Hanpumep, npuem
30KA30B B aTelbe orpannydet — He fojee JecATH.

e 2) BasiBKM OKMIAIOT B OYepeau 10 Tex Mop, NoKa Bpemsl OyKHJIaHus He NPEeBBICHUT 3a-
NAHHOM BEJUYHHBL, IOCJIE 9ero JOKIIAI0T CHCTeMY“ (OTpaHnieHue Ha BpeMs OKK/1a-
nus ). Hanpumep, 0xKuanme MexKAyTOPOAHEro PasroBopa, ecin abOHeHT He OTBedaer,
He TIPEeBBIAET JIBYX 4acoB.

e 3) Bpemst npeGuipanns 3asBKA B cUCTeMe (BpeMs OxKujauns Hauaua 00C/ay KuBaHus
WTOC BpeMs OOCTY»KUBaHNS) He JOIYKHO MPEBOCXOJAUTh HEKOTOPOTo (hUKCHPOBAHHO-
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ro 3nadenust. [lpu arom 3agBKa MOKET MOKMHYTH CUCTEMY, TaK U He JOXKIAABIINCD
Havasa ODCHyKHBaKHKs, a MOKET HOKHHYTH CHCTEMY, HauapB 0DCHYZKHBATLCS, HO He
JOKIABITUCH KOHILA 00CIYKHBAHAS,

Bo Bcex srux caydasx uHTEpec UPEeJCTaBIAeT He TONbKO CPeJIHSASA IJIUTEILHOCTL OAKH-
JAHUA, HO U CPE/Hss BeIMYMMHA HOTEPh 3a$BOK 33 JAHHBIN IPOMEKYTOK BpeMenu. B
HOCJEJHEM CJYyvae HHTEPeC NPeACTABIACT BEPOsTHOCTH TOI0, HTO 3as1BKa, yKe HauaBIasd
00CIY KUBATHCS, TOKUHET CUCTEMY HEOOCTYKCHHON (¢ He3aKOHIeHHBIM OGCIYKUBAHUEM ).

Ha upakruxe CMO ¢ oxxujanuem pazimyaoTes JUCHHILTUHON oYepein, 101 KOTopoii
nojipasymesaercss 1papuiio Beibopa Tpebopannit n3 ogepenu. PacemMorpum cHavana ciay-
yait, Kolya Bee nocrylaioupe TpeboBanus OAHHAKOBEL. B 9T0M cilydae ner cMbICaa JIeIuTh
TpeboBanns Ha KJACChl ¥ IPEJI0CTaBIATh NPEUMYINECTBA TPebOBAHMAM OJHOTO KJIacca Ie-
pei TpeboBaHUgMU JPYroro. EAMHCIBEHHLIM TPA3HAKOM B TAKOM CIIydae, no KOTOpOMY
olpejessiercd JUCIUIUIMHA OUepe/iH, CIYKHT TOPSII0K MOCTYILIeHNs TpeDoBaHuil.

TUNHYHBIME SBIASIOTCH CACAYIOIIUE TUCIUTILTNILL:

1. Tlepsbim npurien — nepseimM obciysken, T.e. TpeboBaHUs OOCAYKUBAIOTCS B HOPALKE
ux noctymaenus 5 CMO. B anrnoassiunoil mureparype s1a aucimiinga 0603naqa-
ercst FIFO (first in — first out). IlpumepoM MoxeT caiy»kuth obCiyKupainue B cynep-
MapKere.

2. Tlocaeamnm upuures ~ nepsbiv obciryzen; anrauiickoe oGosnavenne LIFO (last in

first out). Jlanmasr gucouiinna oYepean MMeeT MECTO, HAIPHMEp, NpH IpoBepKe

KOHTPOJEPOM T/]S,‘J,U.u’lHﬁ, KOTOPLIC HAKAIIHBAKOTC IIepes ITHM CTOHKOﬁ, TaK H9TO IO~
clelHee M3Ae/ue MpoBepaeTca MepPBhIM.

3. Caydaiinsiit 1 paBHOBEPOATHLIN BHIOOD Ha 00CIHYKUBAHNE CPEJIN BCCX MMEIOTHHUXCS B
ouepein TpebOBAHUN, HAIPUMED BBI30B CTYACHTOB K J0OCKC.

Teneps npeanoaoxkum, 9ro TpeboBanus 061a8a10T OTIMYNTEALHBIMY IIPU3HAKAMH, KO-
TOPbIe MOTYT ObITh IPHIHCANBL KaXKJAOMY U3 HHX. DTO MOTYT OblTh:

® a) olpejeacHnad CTOUMOCTE COHHHMILBI BPCMEHH OXKMIaHWs JTaHIIOrO ’l‘pQGOBa.}IHH nJIH,
O Kpaiineil mMepe, ,IOKa3aTexh CPOYHOCTH", KOTOPBIH XapakTepusyer rpebyemyio
CPOYMHOCTE 0OPabOTKH;

e ) 0cobbBIIt 3aKOH PACIPESCNCHHs THTEILHOCTH 00C/yKHBAHNIS, OTJINYHBLE OT 3aK0-
Ha, OTHOCAIIErOCs K CJAy9aliHO BRIGPAHHOMY TPebOBAHMIO;

e B) 00a BBRICYKA3AHHBIX IPU3HAKA OJHOBPCMEHHO.

O06p1uHO mocTynaoT caetyiommm obpazom. Bee tpeGosanua pazbusaiores Ha KIacchl.
Tpebosanna i-ro Kuacca mMexiy cobOH HEPABIMIUMBL M XapaKTePH3YIOTCH CTOHMOCTLIO
CAMHMIBI BPECMEHY OKHJIAHUA B OYCPEJH M 3AKOHOM DACHPEUEJCHUI AJINTEALHOCTH 06-
cayauBannst. 'I'peboBainsaM 4-ro K1acca NpejoCTaBiisercss IPHOPATET B OBCIIYKIBAHNY
nepesi rpeboBaHusiMK j-ro Kiacca npu ¢ < j. IIpn 9rom Gyuem roBOpuTb, 41O TpeboBa-
HUA (-I'0 Kjacca UMeoT Dojiee BBICOKUT NMPHOPAUTET 10 CPABHEHHIO ¢ TPeOGOBAHMIMM j-10
xnacca (Gosee muskoro npuopurera). Memomssyiores apa Tuia npHOPHTETA;

e 1) omuocumesvrul. B MOMERT OKOHYANNS 00CHY K HBAHYS npejbLiyeil 3as4BKu cie-
AYIOIUM Ha 00CTyKUBaHIe U3 ouepean BubNpaercs TpeboBaHue KIAacca ¢ HAMMEHh-
1M HoMepoM. T'peboBanus BHICOKOTO MPHOPUTETA HE BLITECHAIOT ¢ Mpubopa Tpe6o-
BaNMi HI3KOI'O IPUOpHTETa BO BpeMst obesyzkuBanms nociennux. Tpebosanis oamo-
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ro Kiacca 060.1’1}('}KI‘IB8.-POTCH B IIOIJH;'[KG X ]'[()('!'I'_}"IIJIEHHSI’ B CHCTE‘-MUV. ,r"_I_a.HHOI:'i AUCIn-
mInHoM 007121361, HATTPUMED, OYEPeh K Bpady, cocToAlad U3 NalueHTos, He obia-
JAAIOmux KaKHMH—JIHGO JbroraMi, u NaleHTOB-TbTOTHTHEKOB:

e 2) abcomommpiii. Ecau B MOMEHT LOCTYILUIEHUA B cucTeMy TpeboBaHus i-r0 KJlac-
ca uMeeTcs XoTsi Obl OJiH NpHOOp, 3anaTeil obciyKuBanneM TpeboBaHus Kiacca ¢
DOJILINTIM HOMEPOM, TO BHOBb HOCTYIUBIIee TpebOBaHUE BhITeCHACT 00CY KUBACMOE,
T.€. CHCTGMA HadWHAeT 00C/yKuBaTh TpeboBauue i-I'0 KJACCa, & BbITeCHEHHOEe Tpe-
foBamne BO3BPANALTCS B OUMEPEIb U HOBTOPHO LOCTYIAET HA OOCIYKUBAHME JTUILL
MocJIe 3aBeplienns obcayzKuBanua Beex Tpebopannit Gosiee BHICOKMX 1PUOPHTETOB.
B npunmune moryr cymecrsosath Takue CMO, B koTOpEIX TpeboBanue, CHATOE ¢
00CILYy KUBaHNA, TTOKIIALT CACTEMY.

PeajlbHble CHCTEMBI, BCTPeYalONInecs Ha MPAKTHKe, KaK [PABUIO, OYeHb CJHOKIBI I
BKJIOYAIOT Pl 9TANOB 00CIYKUBAHUA, T.e. MpeAcTaBaaioT coboro Muorodasnyio CMO.
Ha xauxx10it pase MozKeT HPOU30HTH OTKA3 OT AAJbHERIIEro 0OCHy KIBAHNS, WM JKE 3a51B-
KN HEKOTOPBLIX THIIOB MOLYT 00CHYKUBATHCS ¢ PASHBIME IIPEUMY UIECTBAMHA 110 OTHOIICHUIO
K 3asgBKaM Apyrux tuios. Moxer ciyuntbes, 910 npubopst CMO 1o rem wiau wnbim npu-
YHHAM TIpeKpamaior pabory (s peMOHTa OTJACIbHLIX 3BEHbER, nojHana k). B HexoTo-
PLIX CHCTEMAX 3a4BKH, OJYYUBIIHE OTKA3 WK Y7Ke 00CJy KeHHbIe, BHOBb YepPe3 KaKOe-TO
BpeMsl MOI'YT BO3BPaTHThCS B cucTeMy. VIMeHHO ¢ Takxmm NOJTOXKEHMEM BCTPEYaeMcs B
resteOHnu, 1pu BONBHUYHOM ODCTYKUBAHUN.

[Mpejcrasum B Buge cxembl Tumunanyio CMO na npumepe peMOHTHOTO TIPEATTPUATHS.
3asgBKH, MOCTYHAIOIUE B CHCTEMY, HPOXOAMT TAKYIO OCJIE0BATETHHOCTE ONePATnii: OCMOTD
C LEIBIO OIpeleeHns XapakTepa PeMORTA, HAIPABIEHAE B T€ WM UHBIC PEMOHTHBIC OpH-
rajbl ¢ YKa3amHeMm [OCJIeJ0BaTe bHOCTY JeHcTBUN, NPOBEPKA KadecTBa PEMOHTA, Cava
3aKa34uuKy. B 1pouecce BBIIOJHEHMs TOW MM MHOM OlepPALME HHOLJAA BBISCHSIETCH, YTO
U3HOC TAK BEJUK, YTO BOCCTAHOBJIEHHE HEBO3IMOXKHO, WM M3jejine NPUXOJMICH BO3BPa-
WATH HA HPeAbLAyIIMe STaiubl 00paboTKu sl JIONEN0K. YCAOBUMCS, 94T0 UMCIOTCH JIULIL
age onepanmu. Torja cxema QyHKIMOMUPOBAHNS BBINIAINT CAEAYIONIM 06pazom:

Otka3s ot
obcnyxuBanus Bosspamenne
\ 1-s Ha JI0JENIKY
f orepaums
A
_ / [Tposepka Cnava
Ilotok OcmoTp HCIIOJ- > 3aKas- BExon i
g oy CHCTCMBI
v HEHUA YHKY
251
Aompamermc
ornepanmst
Ha JIOJIENIK
Puc. 1
VYiuparkaeHus

e 1. [lpusectn upumepor CMO ¢ oxkujlanueM, ¢ HOTEPAME, ¢ PA3TUIHBIMU JUCTIHILIN-
HAME OYePe/1H.



e 2. Ha KOHKPETHBIX IPUMepax OODBSICHHTL CMBICH TEPMUHOB! ,00CIYKUBAIOWUA PH-

top*, 3aaska”,“ouepe/p”.
e 3. B uem cocrour pazmryne CMO ¢ ornocuTensubiM nproprreroM u abeosorabim?
Ipwuseern mpumepsi.

2. Bpemennaa guarpamma CMO. ®opmysa JIntTiaa

Pacemorpum CMO ¢ takolt guciunamnoil obcayKuBaHus, KOUJA 3as8BKHU 0bCIyKu-
patores B nopgake nocrymienus (FIFO). Ilpu srom norok rpebosanuit, nocrynaomux s
CUCTEMY, Ha3bIBACTCS GLOOAULUM NOTOKOM, HOKUITAIOUINX — 66x00auuMm nomoxom. Bygem
cyurars, 4ro B CMO ojun npubop u UMeeTcs OpAMHAPHBIH NOTOK 3asBOK, T.C. B OJHO U
TO K€ BPCMs He MOZKET HOCTYIHTL OoJiee ofHON 3agaBKi. B BHIe cXeMbl BblITECKAZAHHOE
MOZKHO H300pasuTh CAeAyonmy obpazom:

= AL | g

Bxojsinmii Brrxoasgimi
IMOTOK Oucpep ITpnbop [OTOK
3AABOK (Hakonurens)

[Tocrpoum BpeMennyio JuarpaMMmy CHCTEMbI, YA0BJIETBOPSIOUIEI YKa3aHHbLIM YCJIOBU-
M. BBCZI.T__EM ciaeayrlnue Uﬁ()BH{i‘lQHHH:

¢, — n-a 3agBka, nocrynaomas 8 CMO,

Wy, — BpeMs OXKUIAHUS N-U 3a59BKH B OUCPEIH,

Tn — BpeMs OOCTYKUBANNS N-I 3a9BKH,

Tp  — MOMenT nocryiienus n-it sassku 8 CMO,

Sy — Bpems upebuisanus n-i 3assku B CMO,

tp, — HPOMEXKYTOK BPEMEHH MEXKIY 3aSBKAMH Cp_1 U Cp, TC. by = T — Tyo1.

l'opuzonTanbabivMg IMHIAME Ha JHarpaMMe 0603Ha4MM OYepehb n npubop, BpeMst 1pu
ITOM JBUIKETCA BlLIPABO:

: A A ; A

- Sk By i

’ Cot " |Cn Cn+1! Cn+2

: n- 1
ITpubop E - R it Xnily E__ X9

:I a A A

o Wy

! Cn Cnt1 Cri Bpemst
Ouepenb E

7.} : >
Tn Tn+1 Th+2
- tn—H P ey tn+7 "
Cn I Ch+1 Ch+o
Puc. 2



Cpenuit npoMesKyToK BpeMeHH ¥ MexKJly ABYMsl COCeJHUMA 3aABKAMHU
1

(1. t, — 1" ) wnorma obo3HAUAIOT UEpPEs R T.C.

=

%
A HA3BIBAIOT UNMENCUGHOCTMDHI0 TOCTYIEHNS 3a4BOK B CHCTEMY, WIH HHTEHCHBHOCTLIO
BXOJHOIO HOTOKA.

Jlanee HaiigeM COOTHONIEHHE MKy HHTEHCHBHOCTHEO BXOJHOI'O [IOTOKA, CPEHUM YHC-
JIOM 3a4BOK B CHCTCME U CPejiHUM BpemeneM npedviBanus 3agsku 8 CMO.

[Tyets at) — wucao 3aaB0K, nocTynawmux B npomexkyrke (0,1); d(t) — dncsio 3asB0K,
NOKMHYBIIMX cucremy B npomexyrke (0, 1). Msobpasnv B koopaunaruoil mwiockocru (k1)
(k - amcyio 3a9BOK, § — MOMEHT BPEMEHHU) jMarpaMmy, HALVISLIAHO HOKA3bIBAIOLLYIO, B KAKOM
cocrognuu gaxogured CMO B Kazkiablii MOMEHT BpeMEHH. 3aMeTHM, YTO HA OCH UYHCIIA
3a8BOK OEpyTCst TONLKO LEJBIe THCIA.

4

it

10

J
i

=, ), W, &, 01,0, N, 00, ©

t
e e
9 10 11 12 13 14 1516 17 18 19

Puc. 3

3aMeTuM, 9TO 3alITPUXOBAHHAS MJIOHIAb PABHA CYMMApPHOMY KOJIMYECTBY BpPEMEHH,
MPOBEJIEHIIOMY BCEMH 3asiBKaMu B cucreme 3a mepnog (0, 1), Tak Kax, ecjim paccMorperhb
OTACIBHO JT0001 U3 3AIITPUXOBAHHBIX MPAMOYIOJALHAKOB, TO €r0 IO /(b YHCICHHO PaB-
HA JJIMHE CTOPOHBL 110 OCH BpeMeHu (IIOCKOJIBKY BbICOTa paBHa equnuie). O603HAYNM BCIO
3AIITPAXOBAHHYIO IJIOMA/ b Yepe3 Y(t).

Torna:



/\j: — MOTEHCABHOCTDL 1IOCTYIICHUS 3a4BOK B € JHHHILY BPEMEeHH 0003HAYNM:

L ufg?f)1

N} - cpeanee 4ncio 3asBOK B CUCTEME B npomexkytke (0,1):

; Yyt
JIV;: — 'I"( ).
' t
Ho rorma :
* r i
N} = M, (2.1)
Homuepxuem, uro 13, Ay, N} cywmecrsenno sasucst or ¢, 1.e. OT JJIHHBI MPOMEKYTKA,
. Bia) 2
Ha KOTOPOM npomcxoaut ycpepnenne. Haupumep, aua namero pucynka A3 = e
3 '
a )\4 Ey
4

H[)(:‘,'LUOJIO)K UM TETePh, YTO CHCTEeMa TaKoBa, YT0 CYIHEeCTBYIOT HPeacn:

imM=A n# ImT,=T,
t—roo 00

Torga u3 (2.1) caeiyer, 4To CyMECTBYeT Ipeien N, xoropslii obosnaunm vepes N* -
CPEJICEe YHCI0 3a3iBOK B CHCTCMC.
Wrak, nmeem:
Nt = )\TL‘ ~ hopmyna JInrraa. (2.2)

Upednee wucao mpebosanuil 6 cucmeme pasHo NpouseedenuI0 UHMeNCUeHocmy 6200-
HO20 NOMOKA Na cPednee 6pema NPebuGanUA 3AACKY 6 CUCTIEME.
DTOT PESYILTAT HE 3ABUCHT OT PACIPEIEICHIS BXOAANErO 10TOKA, OT pacmpeienexnus
BpeMenn 00cayKIBaHNs, OT JIMCHUIUINHLL 0BCIY KHBANMA.
Bamerum, 1To ecim ouepeh HOHUMATh Kax oTaeanayo CMO, 10
N,

{’; - /\Tl‘.’_._.

e w - cpejee BpeMa oxupanus, Ny — cpeiuee Ync/o 3asAB0K B ovepenu’; aHaloruaHo,
ecam paboty npubopa noHuMarh Kax oraesipnyio CMO 6Ges PACCMOTPEHUS HAKOIIMTEI,
TO:

AT Gk

f\fp =

rie & — cpeinee Bpemst oDC/yKUBAHNL, a N, — cpennee uncno 3aapok na npubope. Bein
YUaThBarh ovepeab ¥ npubop, 10 T = z* +w n

N* = Az” + w).

asiee paceMoTpuMm 0111y M3 BasKHBIX xapakrepucruk CMO - kosphuyuenm ucnoan-
30680HUA cucmembl, 0Do3HaAYAEMbIT Uepes p.
Hast CMO ¢ omnim npubopom kosbduLmenT HeHoIb30BaTHs O PeJlesIUM KaK cpejHee
A
YMCIIO 3adBOK B mpubope, T.e. p = — = Az* | rosjgiee Mpr YBUJIUM, 9TO AN [POJYK-

_ H
Tusnocry paborst CMO ¢ weorpanuuernoi o4epejibio Heobxonumo, urobul 0 < p < 1. B

ciaydae, korga 0 < p < 1, ero MOXKHO paccMaTPUBATL TAKsKe KAk JIOJIIO BPEMEHU 3aHs-
Toctin npubopa. Hanpumep, ecnn B cpejnem s CAUHUILY BPEMCHU TOCTYHAET 3 3adBKH, a
ODCIYIKUBACTCSH B CAUNNUILY BPCMEHH B Cpegnem 6 3a4BOK, TO npubop B CpejiHeM 3ausT

10



1 Al
= — o0 BpeMenn. Eciu pp -~ BepOATHOCTD TOrO, 4To npubop csoboten (T.e. B cUcTEME

o

0 3asB0K), TO 1 — py — BEPOATHOCTH 3aHATOCTH NpHbOpa, u B caydae, korja 0 < p < 1,

]|

OHA paBHa p, T.e. Ar* =1 — py = p.
A ol

Ecian B cucreme n npubopos, 10 p = — = , T.6. p — OTHOWICHHE YHCIIA 3a5BOK,
n n

B CpelHeM HoCTyHaiolux B CHCTCMY B CUAHHLILY B]JGMGHH, K C])@;’LHGM)" '-mcny 3':1){13()1{? 06-
CJYKHMBAEMBIX BceMHU 1IpubopaMy B eJUHUIY BpeMeHu. Taxxke p MOXKHO pacCMaTpHUBATh
kak cpefHee sHadenue HoJH 3alledThiX HIJHGO}JOB. B ciydae CHeremMbl C ueox'paumqeﬂnoﬁ
0Yepe b0 JLIA TPOAYKTHBHOCTH ee paborsl Takxke neobxomumo, 9todsr (0 < p < 1.

VuopakHenus
e 1. Y10 HA3BIBAIOT HHTEHCUBHOCTHIO BXO/HOTO IOTOKAT

o 2. HO"IGE\'T}’ A1 CpeJIHEr'O BPpeMeHH, NHPOBCLEHHOIO U}IE‘HUH 3a4BKOI B cHUCcTeMe, BCePHA
i { "!"(t) 9

dopmyaa Ty = __-_'_)_, a He (opmyia caenyionero suja: 1y = —=7
a(t) d(t)

e 3. Ha pucyuxe naitaure Ty, Aq, Nf, Ts, As, Ng.

e 4. Brimummre (1)01)1\-1_}’.?1}’ JINTTIA W ee gacTHnIe Caydaan, O00BSIICHUATE CMBICT BXOAIINX

B Hee 0003HaAYeHII,

e 5. Yro Takoe KOB(b(l}}ILLHCIIT HCHIOJIBI0BaMs JIJId CACTEMbL ¢ OJHHM H].)FTGOD(JM, cn

npudopamu?

3. llponecco rubenu u pasMHOXKEHUS

Pacemorpum rakoil npouece, Korjga B KasKibli ciydaiinplii MOMERT MOZKET ObITh 01-
HA M3 Tpex BO3MOXKHOCTeH: anbo NpOMCXOJUT UOCTYILIEHHe B TOYHOCTH O/ HON 3adBKU
(poxc/ienne it yBequuenue mony/siliui Ha OjJHy 0co0b), au00 B TOYHOCTH 0JHA 3agBKa I10-
Kujgaer cucremy, Oyayuu obCayzKeHHON B TeUCHUe IPOMEKYTKa BPEMEHH, JUIMTCILHOCTD
KOTOporo Oulta cay4aiinoil senmaunoi (rubesb v yMeHbInenue nonyasuuy wa 1), aubo ne
IPOUCXOINT H3MEHCITHA THCJICHIIOCTH TONY/IAIIH HI B TV, HU B APYTYIO CTOPOHY.

Hasosem cocmoanuem CMO & dannwiti momernm obwee qucao rpeboBannil, Haxomusd-
MUAXCA B cucTeMe B 3TOT MoMmenT. Torjia cucrema MOXKeT UMETH CJIEYIOIIME COCTOAHMSA:

e Ky — B CHCTEME HeT 3asBOK,
e | — | 3agBKa,
e [y — 2 3agBKH, U T.AL.
Ey(t) — cobpirue, cocrosiiee B TOM, ¥TO B CHCTeMe B MOMEHT ¢ ectb k 3assok (k=0,1,2...).
Ecnv B HEKOTOPBIX MOMEHT ty npuOLLIA HOBAA 3a4BKA, TO NOJOKCHUE COCTOSHISA CUCTe-
MBI H3MEHIIIOCH 1A eJIMHULY B CTOPOHY BO3PACTAHNS; CCIM 3aKOHYILIOCH 00CJY KUBaHUEe

3adaBKH, TO TTPOUBOULIO U3MCHEHNE Ha eIUHHUINY B CTOPOHY VMCHBITCHHA HOIYIHIMK, HHA-
e — COCTOSHHME CHUCTeMBI OCTAJIOCh TeM ke, Ckaszamioe MoykHO 0603HAYNTL CJ1e AV IO M

o0OpasoM:

Ek (t = 0) — Ek—i—l(t + 0)
Ek(:ﬂ - 0) g E;k_l(ﬁ + U)
11



JEk(t - 0) =k Ek(f -+ 0)

g mpoueccos rubesin 1 pasMHOXKEHNS XAPAKTEPHBI JUIIL HEPEXOAbl B COCEAHUE CO-
crostund. TIpn 9TOM myeTh BEPOATHOCTH MEPEX0J0B U3 COCTOSHHIS Ey(t) B Egiq(t+ h), B
Eyi(t+h) up Eg(t + h) 3a Maastii DpoMexyToK BpeMEHE i yI0BIETBOPSIOT COOTHOLIE-
HUSAM:

P{Ey(t) = Ex1(t + h)} = Meh + o(h),
P{Ey(t) = Ex—1(t + h)} = pph + o(h), roraa (3.1)
P{Eu(t) = Ex(t+h)} =1 — (M + ) + o(h).

Bemmauunt Ay w0 gy, He ABIAIOTCH BEPOSTHOCTAMU HEPEXOAOB, OHH JIALIL , VIPAB/LI-
IO TAKUMH BEPOATHOCTAMM. DTH BEIMYHHBl HEOTPUIATEILHBI, MOMKET OKA3aThCs, UTO
HEKOTOpbIC U3 HHUX PaBibl HYJIO (Jajee MbI PACCMOTPHM Takue caydan). B uacrtHocrH,
BEJIMYMHA [ip BCET/la paBHA HYJIO, HOCKOJIBKY CHCTEMA HE MOXKeT Hepeiity B OTpUIATe b
Hoe cocroAnue. OHN 3aBUCAT OT TOIO COCTOAHMA CHCTEMbI, B KOTOPOM OHA HAXONUIACH U
B KaKoe HePEeXOAUT, HO He 3aBHCAT OT NPOJO/KUTENLHOCTH HAXOMKACHUS CHCTCMBL B 3TOM
COCTOAHUM U 1IC 3aBUCAT TAKXKE 01 MOMEHTA BpeMeHH I, B KOTOpBI paccMaTpuBaercs
dyuxunonupopanue cucrempl, Hanuane sesmunnn o(h) B cOOTHOmMEHHUSX 03HAYACT, Y4TO
BEPOATHOCTD TCPEX0/a He B COCEJHee COCTOSHMC 3a MAJBI NPOMEAKYTOK BPEMEHN eCTh Be-
JYIHA OECKOHEHO Majias TIo CPABHEHHIO ¢ JUIHHOM 9Toro npomeskyTka. Taknm ofpasom,
HECMOCPCACTBCHIBINA TEPeX0)| HEe B COCEIHEE COCTOSHUE NPAKTHYCCKN HEeBO3MOYKEH.

Bee soimeckasannoe npejicrapisier cofoii KECTKHC YCIOBHA, TeM He MEHee, OKa3blBa-
eTCA, MPOLECe Iube/I U PA3MHOKEHHS UI'PACT KOJOCCAIBHYIO POJIb B TCOPHH MACCOBOTO
obcmyxupanns. [lonapisiouee OIBIMICTBO 38184 TEOPUE MACCOBOIO OOCIYKUBANNSA 1
TOH MM MHOI CTCHCHH OLMPAEICsl HA HTOT MPOIECC.

Iycrn pe(f) — BeposTHOCTB TOrO, 4TO B MOMenT ¢ offbeM lOLYSILUE papen k, T.e.
CHCTeMa HAXOJUTCA B cocrosiun By (1), OkaspiBaercs, sepoarnoctu py(t) H0AMUICHE! CH-
creme Jnddepennmanpubix ypasuennit. Haitgem ypasuenue, Kotopomy VIOBIETBOPSAET
po(t). Pacemorpum po(t + h).

B mowmenr ¢+ h cucrema moxker npuobpecrn cocrosmnue Ey B 01HOM H3 JABYX Cayyvaes:
B MOMEHT { OHa nMmena cocroguue Ey, T.e. Fy(t) — Ey(t + h), nau B Moment t ona 6bL1a
B cocrosguun Fy, T.e. npousomen uepexon: I7y (t) — Eo(t -+ h).

Torna;

polt -+ h) = po()p{Eo(t) — Eo(t + h)} + pi ()p{Er(t) — Eo(t + h)} + o(h).
B coorsercrsuu ¢ (3.1) nomyvaem:
Po(t + h) = po(t)[1 — Aok + o(h)] + pr (B[ h + o(h)] + o(h),

polt + h) — pol(t)
h

[Tpeanonozmm, aro Bee py(t) auddepennupyemsr, Toria CYHIECTBYET HPEIe] OTHONICHH

oot + h) — pa(t
i#n( ) upu h — 0, u on paseH py'(t), T.e.
!

= —Aopo(t) + mpa(t) + o(h).

po'(t) = = Aopy(t) + papy(t).

Ananorudno, naitgem pi(t + h) upn k > 1:

Pt + h) = ey ()p{ Ei-1(t) = Bi(t + h)} + pr(t)p{ Ex(t) — Ex(t + h)}+
12



+pe1 ()P Biyr () = Ex(t)} + o(h),
pr(t + 1) = Py () M- 1h + o(h)) + pr(t) (1 = (A + )+ () + prr (8) (pas1h + o(h)),

t+h)—
pk( ?})L Pk( ) == ,\k_lpk 1(1’/) e (/\k Tauk)Pk ?‘) + fhey ka-L]( )_1_0(}1):

TOIVIA:
pr' (1) = Ae—10r-1(t) — (e + o) e () + p1prs (1), k>1.
[Moayumim rpebyemyto cucremy uddepenumalibibiX ypasuenuii:

[ po’(t) = —Nopo(t) + pupi(2),

J i (1) = Me—1Pr-1(8) — (M + pw)pe(t) + pesapraa (t), npm k& > 1,

Zpk('!.) =1

\ k=0
ﬂc:c:.r[e,u_ﬂee a.HFEGPH.HqGCKOe YpaBHEeHHe O03Ha4acT, 4T0 B KazK/blil MOMCHT BpeMenu t cu-
cTeMa HaxXouTeHd B OHOM H3 BO3MOZKHBIX COCTOSIHUIL.

Konkpernnbiii B cucreMbl 3aBACAT OT dpytmuuﬁ Ak W pig. st perienna cucremsl HAL0
sajarh Havaububie yeaosus py(0) upn k= 0,1,2,.

r[)aCbH‘:ItCKH Ii.%O_(I)r‘].BI»IM Pa3nuYHbI€ COCTOSHNS CHCTCMBL C IHOMOWBLIO KPYT'OB, B KOTO-
pLIX 0003HAYEHO COCTOAIME, CTPEIKAMU ODO3HAUMM MEepexonl U3 COCTOS I Er.BE, 11

(3.2)

B Ljyq:

A A K- A A hoKe
h /Fd—LH‘“‘!-“{'/f M P ,_J_K‘_Z\y( 1 K“?_‘(,,_._K_—L\
(0) (1, K-1 K K+
. S I }Q,, s \_//\d\___/ -

Hq Ha Hi.1 Hi Hie1 Hkez

Torma moboe ypasuenue cucTemsl (3.2) MOKHO HCTOJIKOBATH Yepe3 YCIOBHbIC [IOTOKH WH-
TeHCHBHOCTH® Tepexonos. JleficrBuTe/bHO, ypasHenue, coiepxxkaitee py'(1), mouayqaercs
KaK CYMMA ,IIOTOKOB® A\p_Pr—1 U flks1Pks1 B cocroanue Fy (B kpyre o6o3HadeHo depes k)
MUHYC CyMMa ,JTOTOKOB* u3 coctosiaus Ey B cocrosune Er_y u Epyq. B jansneiiuiem sty
rpachnIeCKYI0 HILTIOCTPauio OyaeM HA3bIBATh Juazpammoll uHmMencueHoCmel n NCHoJb-
30BaTh CC JIIA MOJYUeHNs CHCTeM ypaBieHnit, onucbiBalommx KoHkperusie CMO.

TEI.I(HM 06}}?1301\4, Hponecc I'}16GJIM H PDASMIIOYRCHI L, pd(f(ﬁl\iﬁ-’l‘})ﬂﬁa(‘?:\lh[ﬁ C CHJILHDLIMH BLI-
HIEHPUBCICHHLIMA OTPAHMYEHHAMHU, MOZKET ObITh MCIOMB30BAH KAK JI/Isi OIKCAHUS KI3HE-
JeATeSILHOCTH HOKOTOPOH 6HOJIOrMYecKOl cucTeMbl (HOMYJIsAIHK), Tak 1 Jjid (PYyHKITHOHH-
POBAHMSA CHCTEM MACCOBOI'O ODCTYZKNBAHU.

Vuparkuaenust

e 1. Oxapakrepusyiite mpoiecc rubesn 1 pasMHOKeHnns.

e 2. Bamumure cucremy middeperuuMaibubX ypapaennii (5.2) ¢ NOMOIIbIO ANArPAMMEI
UHTEHCHUBHOCTH Mepexo/ion.

e 3. CO(:TE:LBb"l‘e vpamlemm CMO, HME[OUL(‘iri cne;py}omylo ;marmmmv MHTEeHCUBHOCTE:
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4. Ilponecc yncroro pasMHoKeHus

O6parumest Tenieps K Takoit cucreme, s KOTOPOH e IIPOUCXOAUT 06CIyKUBAHNE 3a9BOK
(ocobm we yMHUpaior). D10 o3uaqaer, 910 iy = () upu Mobom k, T.e., 10 CyIecTBy, paceMar-
pHUBacTes JUIllb BXUﬂ,HOﬁ MMOTOK 3asBOK B CHCTeMY (00061’1 PO IATOTC, OCYIICCTBAACTCH
IPOLECC YHCTOrO pasMHOZKenus). Bsemem eme omno orpammuenne: myers npu sobom k

Ar = A Torma cucrema (3.2) nmeer Bu;

[Tyers mponece naunmaerca B 101 MOMERT, KOraa cucrema nycra, T.e. kK =0, u

p _ i LV ek =10
Pi(0) = { 0, npu k # 0.

U5 nepnoro ypasuenus cucremn Haiiaem po(t):
po(t) = Ce ¥,
mpaut=0 po(0)=1=Ce’ = C =1, 1e.
’p”(t) = 6_/\”.

Hamnee:
p(t) = Ae ™ — Api(2),

P’ () + Apy(t) — Xe M =0,
D) =" M 4 ) / e eNdt) = e~ (0 + )8,

upu t =0 p(0)=0==0=C —
pi(t) = Ate™™.

Nenonnzyem mMeron maTemaTinaeckoit nuaykuun. Hpeonomxum, aro py(t) =

Hainem pg ().

ket Lyk
Prir () = App(t) — Apryi(t) = - TG t Aprar(t),
/\r‘\:-|—1.£.ﬂ.
Prst ' (t) + APk (t) — W M=
st g M flolea —\t AL
Pr+1(t) = e (C + T /i e etdt) = e~ + mt )
. ; i [At)“’" o
C‘ —_ [_) — pk'l‘l(t) e (‘i:?)_[f’

14

}\t)kg—,\a
T E 8



Takum obpasom, Jis Beex k:

CLIY (4.1)

Yurareaio ra dhopMyna goizkHa ObITh H3BECTHA H3 Kypca TEOPUH BepodTHOCTeH Kak
IYACCOHOBCKMI 3aKOH pACHPEe/JIeHNus JUCKPeTHOH ciydaillol BeJIIUHbI. B sanHom ciay-
qae B POJIM 9TOH CiayvaliHoll BeNWYUHBl BBICTYIAET KOJHMYECTBO 3adBOK, HOCTYIIAIOUNAX B

CHCTEMY 3a HPOMCYXKYTOK AIUHDL 7.
Pacemorpum pasiee obmmit eydaii mpormecca YncToro pa3sMHoOKeH, KOona mpi Jiiodom

k A, 3aBucut oT cocroguma cucrembl. Torga cucrema (3.2) uMeer BuI:

[Mo-npezkiemy npejnoJoKnM, 4To IPONEce HAYMHALTCS ¢ HYJIEBON MOUYISINNT, T.€.

_ |1, mpuk =0,
pe(0) = { 0, npuk #0.

Toraa nmeem:
N —Agt
f)(‘;(ﬂ) = g7

Hanee:
() = Aopo(t) — Aupa (),

?)1 ’(t) 4 )\lpl (T) = )\0})0(,{) = U? e p[](t) == (.{-—Agij

pi(t) = e~ Mb. {C-i—)\nﬁ(_/\“ ';)“)tdt] :

p(t) = e~Mb. |0+ —i(-]———e(’\l —Xo)t|
AL — Ao

TOTIA

[lyers ¢ = 0, Torpa:
A
) i
AL = Ao
A

B 0
A=Ay

A _ _
pi(t) = ﬁu)\o [e Aot g /\lﬂ .

=

Ananorndno,

P2 (£) = Aipi(t) — Aapal(2),
P2’ (t) + Aapa(t) — Aipi(t) = 0,

Y PR ( L (= Aot I (A=A )tﬂ
Gl = g 08 o [ g ; elA2 — Ag)t (A2 I )
Pa(t) [ P ekl e e R

AoA 1 1
0=C+ - , TOTJIE
AL — Ag ()\2~A0 )\2—/\1) i SR
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Feam £ = 0, To:
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AHAJIOrYH0 BBIYUCISIIOTCS Pe(t) npu k > 3. Caenanusie BBIKJIAJKH TIPUBEIENTI J1J19
TOT0, 4T00BI MOKA3ATE, YTO BLIMHCICHHS JazkKe LUPH YHCTOM PasMHOXKeHHN B obiiem ciy-
4ae TCXHHYCCKH I'POMO3IKH.

Yuparknenns

e 1. Oxapakrepusyiire nponece yueroro PasMHOXKeHns B cirydae, Korja uis jo6oro k
Ak = A, H B Ciyvae, KOrja Ap 3aBUCHT OT COCTOSIHNS CHCTEMBI.

e 2. Nokaxkure dhopmyiy (4.1).

5. lipmmenenne nporecca rubesin u pasMHOKEHUS K pa3-
JIMYHBIM CUCTEMAM MaCCOBOTO 06C/yKNBAHUS

Pacemorpuy npumeps! BEIBOJA CHCTOMBbI dbuddepennmannubix ypasnemnnit, Xapakre-
PHSYIOUUX MHAMUKY M3MEHEHUs COCTOAHUI 1IPoIecca, I HeKOTOPhIX YACTHBIX THIIOR
CMO.

IIpumep 1. Cucrema ¢ morepsimu.

[lycrn B cucreme UMEIOTC 1 OAMHAKOBBIX upubopos. Hlocrynaromas 3aseka, zacraio-
mast Xors Ovl 0auH cBOGOMELLT 1pubop, cpasy uuer ua obenyxusanue. BoiGop nmpubopos
npoussoen. Keau see npubops 3aHTH, 3a8BKa HOKMIACT CHCTEMY HeODCyKCHHOI, T.e.
O4epet B CHCTEMe HeT.

Ionoxkum Ag = Ay = ... = A1 = ). B stom ciyyae OyJIeM I'OBOPUTDL, YTO NOTHOK
001Opodet 60 BpEMENIL, T.e. UMEET MOCTOSHHYI0 MHTCHCHBHOCTL. OueBujno, A, = 0, T.K.
(n + 1)-21 3agBKa yXoauT U3 cHCTeMBI 10BN YKEHHOH.

Byjgem cunrars, uro see mpuGopsl umeror B CpeJiHeM OJMHAKOBYIO IIPOU3BO/IUTEC/Ib-
HOCTDL, PABHYIO i, T.€., CCJIM NPUOOP 3aAT, TO BEPOSTHOCTL TOIO, YTO OH OCBOGOIHTCS 34
BpeMid /i, B TePMUHAX TIPOTICCCA MU0 I pas3m HOYKEHUS", PABHA BEPOATHOCTH YOLIBAHNHA
Houyasian na enuniy, T.e. ph+ o(h). Eeom sanarut k upuGopos, 1o BEePOATHOCTH TOTO,
MTO 0CBOOOMTCS XOTs OBl OANH N3 HUX 32 BPEMSI h, pasua kph + o(h).

OTcrona umeem:

px=kp nnak=01,..n,
=0 jpas k> n, mK. ouepeju mer.
B srom cayuae auarpamma uprencusnocru MepexonoB UMeeT BHJL

a3 IR 2B 0_
o S PR N

n

A A
I{[.){' ‘\-\‘J,f“'i‘f
) 1 |
\.___‘\M_ _—_"/\“— i __,_,1)\_/\___‘___,_._—/ & = = )\\‘_“#’)‘“l\‘ -_/
W 2u 3u nu 0
Hanee nerko sanucarn cacremy audQepeHInanbIBX YPaBHEeHUI:
([ po'(t) = =Apo(t) + ppi (1),
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Bamerum, uTo s rakoir CMO cucrema manddepenupanbipix ypaBHEHNNE KOHEYHA.
PaceMOTpUM Telephb HPUMEpPhl CHCIeM ¢ KOHKPeTHBIMU YHCJIOBBIMU JaHHIBIMH,

e a) ITycrn B cucreme ¢ motepamu 7= 2, p =1, A = 2,po(0) = 1, p1(0) = 0, p2(0) =0

JwmarpaMva mHTCHCHBHOCTE! HEpexo0B Oyner uMeTh BU/L:

[ony4aem cienyromyio cucremy auddepennnaibibiX ypaBHenuit:

po'(t) = —2po(t) + p1(2),
p1'(t) = 2po(t) — 3pa(t) + 2p2(2),
D2 () = 2p1 ( ) ™ 2?3&):
po(t) + pi(t) + pa(t) =

Cucrema juHelHO 3aBUCAMA, MOKHO He PacCMaTpUBATH TpeThe ypaBuenue. U3 aj-
reGpaMgeckoro ypasineHus nojiyuaem: po(t) = 1 —pg(t) — py(t) u nogcrasisenm ero Bo
Bropoe ypaaeuue. [lomyaimm:

po'(t) = —2po(t) + py(t),
p1'(t) = =5pi(t) + 2,
pa(t) = 1 — pot) — pa (0):

V3 BTOpOro ypaBHEHUs, YUUTHIBAs HAYabHbIE YCIOBHs, Haljem pi(t), 3arem po(t) u
po(t) n3 mepBoOTO M TPETHEro ypapHeHuit coorpercreento. Homyunm:

1 2 9 —5¢

L) ok s ™ e "
po(t) 53 15
2 2 _5t
.! — 9]

2 2.9t 4 5t

5(1) = = = = <

pal) =5 =3¢ Tt

e b) B cucreme ¢ norepavu n = 2, u = 1, A = 3,po(0) = 1, p,(0) = 0,p2(0) = 0.

Coorsercrrytomas cucrema JindbepernuaibHbiX YpaBueHuil npuMeT BU/L:

po'(t) = —3po(t) +p1(

p () = 3po(t) — 4pi(t) + 2pa(t),

p2'(t) = 3pi(t) — 2 ()

po(t) + pa(t) + po(t) =
Cucrema ypaBHeHuit JUHeHRHO 3aBUCHMA, BhIOEPEM JJld ¢¢ DEIlenns MepBoe, BTOpoe

n 4eTBepToe ypasHenud. Torpa:

po'(t) = —3po(t) + pi(t),
p ' (t) = po(t) —6101( )+ 2,
Pz( ) =1—po( ) (5)

[Tepeiinem K penieHnio cucTeMbl cienylomux mddepenimanbabix ypasHenuii:

{ po'(t) = =3po(t) + pa(1),
p1'(t) = po(t) — 6pu(f) + 2.
17



X?lpi].l\"l‘epH(‘.’i‘H‘ICCKOG YPaBHEeHHEe HMeeT B

-8= "1l
/ N Wil
Orcrona:

9 f 13
)\1,3 == .
Bl
lorpa » xavecrse cobeTBennBIX MOKHO B3ATH CACJIYIOITHE BEKTOPLI

Obmiee pertenne o HOPOAHON CHCTEMDI Auchpepennmanbubix ypasuenuii Gyer umers
BUT:

: 9 \/H
pall] sl Vi3, (

9 /13,
T VI3, (=5~ S50t
ST 2 +C(—— 2) gilvgiond
V13 J/13
pi(t) = Ci(~1)e (q§+ —2‘) L (“‘:— e

Hacruoe penrenye HEOAHOPOAHON CHCTEMBI Oyuem uexkarh B Cleayiomenm sue

po = a,
i“ o bJ rae a,b € R.
7] = O

_ po’(t) = —=3po(t) + pu(t),
[oncraBum py = a, py = b B cucremy : . :
L - { Pu(t) = po(t) — 6pu(t) + 2
Honyumm:
2
by=a= 17’
6

T
Torjia obmee pemrenue HCOANOPOAHOM cHCTeMBI OYeT uMeTh Buj

(_g e
pi(t) =Ci(~Le" 2

M IS DO PR i %
Mcenonbsys navaiabibie yenoeus, naitnem Cp u C,
(s ) e el e 3_1
17v13 17
24 3

Oy =it 2o i
T 70 TS
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Wraxk,

o\/_+‘33 (——+@t 15v/13 — 33 (————@Jt

polt) = 34\/-— € 2 34\/— 1?,
p](f,):%l_gme(“g_’_@)t 24 + 3v/13 ( __‘"\/TG)tJrE
17V/13 I3 7
9 13 9 13
pz(t):_m {3+t _9vi3-a1 A )t+3,
34v/13 34v/13 17

OGpaTiM BHUMAHHE Ha TO, 4r0, noayuus snadenus po(t),pi(t), p2(t), M MokeM
OTBETHTh MPAKTUYECKH HA BCE BONPOCHI, Kacalommecs fanuoif cucremsl. Hampumep,
suavenue py(t) - 970 BEPOATHOCTH TOLO, YTO CUCTEMA ITYCTa, BEIUYHNA Po(t) o3HavaeT
BEPOATHOCTH TOrO, 4ro 006a mpubopa 3aHATbl, T.e. HOCTYIMBLIAS 3asBKa HOJYYNT
orka3. Beposithoerh sansroctu xota 6u1 onHOr0 NpHbopa 3asaeTea cyMmoit p(t) +
p2(t) mum pasnocreio 1 — po(t), cpeamee ¥ucao 3agBOK B CHCTEME WM, YTO TO 7Ke
caMoe, CpeJIHee i 3aHaThIX 11pubopos naityem, s3san: 0pg(t) + 1pi(t) + 2pa(1).

ITpumep 2. Cucrema ¢ 0XKuAHUEM.

[Tyers umerores n npubopos ¢ OJUHAKOBOW cpejuel npoussogurensaocrsio. [Toery-
HaoAd 3a8BKA, 3aCTANAN 3aHATEIME BCE NPHOOPDLL, XKIAET HEoZPaHUMeHHo 10 TeX 1op,
moKa e 06CTyKHTCS.

ITpeanonaraem:

Ar = A mpum ynobom k.

Ha ocHOBAHMM pacCyzKAeHuit, NPHBEAEHHBIX B MEPBOM IPUMEpe, LIS [ HOJIYYaem
CJIe/IYIONIHE BhIPAXKCHUA:
pr =kp opu0< k <n,
pr = nu upu k > n.

Torma auarpamma OyaeT BHINISLAETH CJIEAYIONM 00pasomM:

VI)(LBH(:'HHFI yVapapJisiompe u3MCeHeHHEeM BGpOﬂ'lHOL'l(:‘H COCTOAHUN CHCTEMDL OGCJ]V/KH—
BaHWd BO BpeMenH, 3allIyTed Tak:

([ po'(t) = —Apo(t) + ppi(t),

pi' (8) = Apr—1(t) — (A + kp)pi(t) + (B + Dppra (), 1<k <n—1,

j pr' (1) = Apr—y (t) — (A + ng)pr(t) + npppa (), k> n,
y () =1
\ k=0
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ITpumep 3. Bamxnyras cucrema.

Iycrs r pabouux nmeror OAHHAKOBYIO KBaNuDUKANHIO H, B CPEIHEM, OAMHAKOBYIO IPO-
MSBOAATETBHOCTD, paBIyto /1 (T.e. Kaxablt pabounii 3a CAUHUIY BPEMEHH PEMOHTHDYeT
B cpeanem p crankos). Ha 3asone umerores n CTAHKOB, KOTOPbIE BPeMS OT BPEMCHH Bhbi-
XOILIT M3 CTPOST M PCMORTUPYIOTCSI STUMH paboummy, OMHOBPCMEHHO Kau< Tb1i pabounit
pemonTupyer e 6osiee ouoro cranka. Eciu cromaun k CTAHKOB, OYIEM 'OBOPHTH, 4TO CH-
CTeéMa naxonures B cocrognun Fy. Torma cucrema Mosker umert cocroauust Fy, By, ... I,
Hpeanonaraercs, uro paGounx MEHDBILE, YeM CTAHKOB, T.e. T < n. Beau paboTaer ToaLKko
OIMUI 13 71 CTAHKOB U BEPOSITHOCTH €I'0 HOJOMKH ONpenemnTh Kak Ah + o(h), 1o B ciayuae
cocroanust £y, T.e. paborsr ( n—k) CTankoB, BeposTHOCTD NOJOMKH KaKOro-HuOyIbL 0HOIO
U3 HOX Dyjer uMeTh Bu:

P{E(t) = By (t+h)} = (n - kE)Ah+o(h), k<n.

Ecau ciromanss k cranxos, r.e. sapsitsr b PabotmX, TO BCPOSTHOCTH TOI0, 9T0 0CBOGOAUTCS]
OJINH W3 HUX:
P{E(t) = Ey_1(t + h)} = kuh +o(h), k<.

g k=k+1,...,n umeem:
P{E(t) = By _y(t + h)} = rph + o(h).

marpamma unrencnsnocteis NEPEXONOB BRIMISINT CILEAYIONMUM 06pasom:

—

1 -Kk+1) ) k)2, Ntk (nna (meh (rem) & & &
i /Ln_)k\‘ (?,_F__)n__ A .)\‘ e /rv’\\ AREI R B YO e T o
o

/,_‘/" TN 7 { 1
\QL%/E‘JL/...\M__ /“K‘(}ﬁﬁ/'"kJ""‘aw <! ....\_‘_E e e n'/m\“a' o
“ +

\

20 Kt i r r ru r

a4 CHCTeMa ypaBHeHullt uMeer Bu:

([ o'(t) = —nApo(t) + ppy (2),

VYnparknenns

e 1. Paboraior age CMO. B KazKJI0f cHCTeMe uMeroTes Jisa npubopa o MHaAKOBOI cpej-
Helt mpomssogurensuoctn. Cucrema M, — ¢ HOTEPAMH, C OTCYTCTBHEM OYepe, B
HCH CPEIHSAA HHTEHCHBHOCTD BXOIHOTO HOTOKA PABHA OJHOI 3as1BKe B 4ac, a cpeiass
NPOUSBOAUTENLHOCTE KaK, 1010 1pubopa pasna Tpem saaskam B yac. Cucrema My —
¢ O2KH/IANAeM, C HEOIDAHNYCHHON OYepenbio, co CPEAHEH MHTEHCHBHOCTBIO BXOHONO
HOTOKa, PaBHOH TPeM 3asBKaM B 4ac, u cpejmeii HPOU3BOJAUTENBHOCTBIO ¥ KAKI010
npubopa, paBHOil JBYM 3a9BKaM B 9ac. st kaskioit cucrembr u3obpasnre Juarpam-
MY MHTCHCMBHOCTEH M BHIIMIINTC CHCTeMy Angdepenimanbabix ypasuenuii.
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e 2. Pabounii obcyyKUBaeT rpymiy M3 HIeCTH aBTOMAaTOB. B cpenrem apromar ocra-
HABIMBACTCH ONMH pa3 B dac. OBCIyKHBaRue OJHOIO ABTOMATA 3aHUMAeT y padote-
r0 B CpejHeM jBeHajnarh MHHYT. B KakuxX COCTOAHMAX MOMKET HAaXONUThCH JanHasd
cucerema? K kaxkoMy u3 pacemorpentbix B nyakre 5 tunos CMO oma ornocurea?
N306pasnuTe /15 JAHHOA CHCTeMbI JUArpaMMy HHTCHCHBHOCTEH ¥ COCTABLTE CHCTEMY
JnhbepeHIMaIbHBIX ypaBHenuil.

6. Bxoasiumii IOTOK 3asIBOK U €ro CBOMCTBA

[Ipuposa TpeGopanuit, nocrynaiomux B CMO, Moxer Obire camol pasHoobpas3Hoit,
OIHAKO YAl BCEI'O PACCMATPUBAIOT 00HOpodHvie TPeDOBaHKs, PA3THYAIOMHUECs JTHIIb MO-
MEHTAMY [OCTYILICHAS B CHCTEMY, LI09TOMY BXOUSUIHH (BXOJHOM) HOTOK jamHOil CMO
MOYKHO PACCMATPHBATE KAK MHOKECTBO MOMEHTOB IIOCTYIIEHUs B CHCTEMY TpeOOBammii.
Hanpumep, BXOJAIMH HOTOK CTAHIME CKOPOH IIOMOIIM - MHOKECTBO MOMEHTOB Teedor-
HBbIX BBI30BOB Bpava.

Byem roBOpUTH, YTO MPOUCXOAHUT COOBITHE B MOMEHT T, €CJH B 3TOT MOMEHT I0CTY-
raer rpeGosanye. TOrIa MHOKECTBO MOMEHTOB, KOT/a TPOUCXOAAT COOLITHS, HA3hIBACTCA
[OTOKOM OJTHOPOIHBIX COObITHIL. 3amerum, 9T0 B JEHCTBATEJLHOCIH MOMET CJIYIUTHCH
TAK, 4T0 MOTOK COOBITHH sIBISCTCA DA3HOPOAHBIM, HAIpUMeEp, KOIJ@A 3aABKa Cily9Tafdno
0KA3LIBAETCSI JIBOMHON, TPOHHON 1 T.4. (1.e. COCTONT M3 ABYX, TPEX U T.J. OJHOBPEMCHIO
HOCTYHAIOLIAX 3A5BOK, HAIPHMED 3aKa3bl NPH NOKYIKe OUIETOB B KNHOTCATDE), WV 3a55-
KU PA3NHYAIOTCA O KAKAM-TO JAPYI'UM TIPU3HAKAM, ONPEAIsIONM PasHyIo JACIHTILINHY
obcayxusanus B CMO.

TTOTOK HA3bIBAETCS PEZYAAPHDLM, €CJIH CODBITHS CNEAYIOT APYT 33 JIPYIOM "epes olipe-
jesenHble (PUKCHPOBAHHBIC TTPOMEXYTKH BpeMenn. Takoif 110TOK MOZKET paccMaTpuBaTLC
Kax Lpejlebusii cayyail m peako serpedaerca 8 TMO. B TMO, kax npasuio, npuxoaur-
¢l UMETh JeJIO CO CAVIalHBIM NOTOKOM cOOBITUil.

Cpenn pasimgHbIX CBOHCTB, KOTOPHIMU MOXKeT 00/1a/1aTh BXOASINUI 10TOK CMO, oco-
DOHHO BazkHbBI CBOMCTBA CTALMOHAPHOCTH, OPUANHAPHOCTH W CBOWCTBO OTCYTCTBUI HOC/IE-
HedcTBUS.

1. TToTOK HA3BIBACTCA CIMAUUONAPHVEM, ECJAH BEPOSITHOCTD ITONAJAHUs TOI0 WIH HHOIO
KOJIMYECTBA 335BOK B NPOMEXKYTOK BPEMEHH IJIMHBI # 3aBUCHT JIMLIL OT KOJIHYECTBA
yTiX TpebopaHuil U JUIMHBL IPOMEXKYTKA f M HE 3aBUCAT OT MECTa PACTOJIOZKEHHs
HTOTO TPOMEYKYTKA Ha BPeMEHHOH OCH, T.e. BEPOSITHOCTD TOAB/eHNs k 3aABOK B 1PO-
MexxyTKe (7,7 + t) sipasiercst ynxmueii Toabko or k 1 t.

CBOfCTBO CTAIMONAPHOCTH BEIPAXKAET HEM3MEHHOCTD BEPOSTHOCTHOIO PeZKIMa TMoTOo-
Ka BO Bpemenn. Kpome 910ro, craigoHapHblil MOTOK XapaKTepU3yerca NOCTOAHHBIM
CPEIHIM YMCIOM 3aBOK, HOCTYTAIONNX B ¢IUHHAIY BPEMEHH. Ha npaxkruke scrpeva-
JOTCST TIOTOKH 3asBOK, KOTOPhle HA OTPAHMYCHHAOM y4aCcTKe BpeMenu ABJAIOTCH CTa-
nonapupiMy. Halpumep, HOTOK BBI30BOB CKOPOH MEAMLMHCKONR MOMOILH MEZKIY 10
u 12 wacaMu. DTOT ¥Ke HOTOK B TEYEHHE CYTOK HE MOYKET CYMTATLCH CTAalHOHaPHBIM
B 06biuHOe Bpems (He B NMEPHOJ, SMHICMHUI, KOLja OH CTAOMOHAPEH B TCUEHUE CY-
TOK), TAK KAaK, HAlIpUMep, rocie 230 10 yTpa cpeaHee YMCIO BHI30BOB MEHBILE, YeM
qem (1o gannbiv fpociaBeKkol cTaiuyn CKopoi nomouty). [ToTOK BBI30BOB MeXK/1y-
ropojueit retepOHHO CTaHIIU B MEPHOL MEXKIY 10 u 13 wacamm MOXKeT CHHTalh-
¢l CTALMOHAPHBIM M HEe MOXeT OBITh CTAalMOHAPHBIM B TEYEHHE CYTOK (T.K. HOYBIO
BBI3OBOB MeHbIITe, deM jHeM). B AcHCTBHTENBHOCTH, peasibubie (PU3HIECKHe OTOKH
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CTalMOHAPHDI Ha OTPAHUYCHHOM YYACTKEe BPEMEHM M PAaCcHpoCTpaHeHde 3Tor0 yJyacT-
K& J10 DECKOHeYHOCTH - JMIIL YJA0OHBI NpHeM, MPpAMEHACMbIil B NEIaX yuponenus
aHaJIn3a.

. Iorok naspiBaercs nomoxom 6es nocaededicmneus, €cin Jis MOOLIX JABYX Hemepece-

KatOMUXCsl OTPE3KOB BPEMEHH 4MCJI0 3a4BOK, NOCTYNAIONMX B OJAMH W3 HUX, HE 3a-
BHCHT OT YHCJIA 3a4BOK B JPYI'OM OTDE3Ke, 1.€. BePOATHOCTE HOCTVILICHUS kK 3asBOK
38 NPOMEXKYTOK (7,7 -+ 1) He 3aBHCHT OT TOrO, CKOJILKO 3asBOK M KODJA HOCTYIIAJN
JI0 9TOrO mpomerkyrka. JIpyrumu ciosaMu, yejaoBHas BePOSTHOCTL IOCTYIJICHHS K
TpeboBanmil 3a NPOMEKYTOK (7,7 + t) 1pH JHOBOM HPEAIIOM0AKEHIE O TOCTYILIEHASIX
3aABOK JI0 9TOI0 HPOMEKYTKa COBlasaeT ¢ Ge3yCioBHON BEPOSITHOCTBIO NOCTY ILIEHNS
k rpebosanuii 33 yKazaumnbili HPOMEKYTOK.

Yeaosue oTCyTCTBUS TIOCHEACHCTBUSI — OUEHD CHJIBHOE YCJIOBHE, 03HAYAIONIEE, UYTO
3a4BKH HOCTYNIAIOT B CHCTEMY He3aBUCHMO JApyr or apyra. [Ipumepom moroka, 06-
JIAJAIONIEro nociaedeficTBueM, MOKeT CHOYKUTh PeryispHbil nmoTok. B kavectse mo-
TOKa 0e3 1ocHe)IeiCTBIA MOKHO PACCMATPHBATL HOTOK NMACCAKUPOB, SIBJISIONINXCS
Ha TpaMBaifHyIO OCTAHOBKY, PACIIONOKEHHYIO B IIEHTPE MOPOJA, a HE PSIOM ¢ [Hpe-
npusitusivi. Torjga npuuuisl, 06yCIOBINBAIOLINE UPUXOL OTAEIBLHON0 MACCAKIPA B
TOT, & He B JAPYI'Oil MOMEHT BPCMCHH, HE CBA3AHDI ¢ AHAJOIMYHBIMA IPUIHHAME )14
LPYIUX MACCAXKHPOB.

3amMeTHM, 4TO BHIXOJAHONR U3 CHCTEMbl HOTOK 0OLIMNo obaasaer mocaeneicrsuem, ja-
Ke ecyi Bxoanoii ero ve nmen. Pacemorpum CMO ¢ opmum o6eyKuBaronmm npubo-
POM (00HORaHAALIIYI0), JITs KOTOPOIE BpeMst 00C/TyKUBANMA OO 3a8BKH ONpeieIe-
HO M PaBHO fopey. 1OTAA MUIMMAJILHLIN HHTEPBAJI BPEMEHUM MEAKIY 3agBKaMH, MOKHU-
naomuvn CMO, pasen q6.,. Hasmane namnoro unreppana yye npuBOIHT K MOC/E-
AeiicTsyio. Keau u38ecTHO, MTO 3a4BKA B KAKOW-TO MOMEHT §; NOKUHYJA CHCTEMY, TO
caenyomas 00C/1yKeHHad 3a5BKa NOABUTCH HE PAHEE YCM B MOMEHT 1) +topey, T.€. Gy-
JET 3aBUCUMOCTH MEXKJY YHCIOM 3asBOK Ha HEMCPECEKAIOMUXCA OTPE3KaX BPeMeHH,
Hocneneitcrsue, npucyiiee BLIXOJHOMY HOTOKY, HCODXOIMMO YIHTHIBATH B MHOroha3-
Hex OMO), koryia BRIXOAHON HMOTOK Myid 0j110f hasnl CHCTeMbl SBIASETCS BXOTHBIM
I JpyToit.

. IT()"[‘DK Ha3bIBACTCH opdm-f.apm;.am, €CJIM BCPOsITHOCTD NOLUAJAHWA HA MAJIbI i HPOMEIKY-

TOK BPEMEHH h AByX HIH OOJBLIIEro Muca 3aidB0K GECKOHEMHO MaJa M0 CPABHCHUIO
¢ h, e
! P-1 h
Jim P>1(R)

e 0 wmm psi(h) = o(h).

HpuMepoM OpIMHAPHOTO HOTOKA MOMKET CIIYZKATDL TIPOIECE POYKIEHUS, W3YUeHHbI
panee (BCIOMHHM, TITO 9TOT IPOLECC XAPAKTEPUIYCTCS TEM, YTO BEPOATHOCTD POK-
Jerng Oojiee gem oIHOMN 0coOM 3a MAJIBIH IPOMEKYTOK BPEMEHH €CTh BeJuunHa bec-
KOHEYHO MaJiast 110 CPAaBHEHHIO C IHHoit 3Toro npomexkyrka). OTciofa caeyer, 4ro
BEPOATHOCTL NOABIEHUA 38 HPOMEKYTOK BPEMEHU A ABYX MM Gojiee 3as1BOK HECKO-
HEYHO Majla [0 CPABHEHHIO C BEPOATHOCTHIO OABICHUA ONHON 3aapKu. JlelicTBuresn-
HO, B IPOLECCe POXKIACHUS BEPOATHOCTD NOSBJICHUS OJHONH 3adBKM 3a BpeMs h paBHa
Ah A+ o(h), Torga:

; ?’J>1(_h’)_ T p>1(h) e i p>1(h) =
SV U B e e
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OpAHHAPHOCTD 10TOKA 03Ha9aeT HEBOIMOXKIOCTE OAHOBPEMEHHOTO MOCTYTLIEH NS
HECKOJIBKUX 3aaB0K. HampuMep, IOTOK KJINEHTOB B HAPHKMAXEPCKYIO - OpJMHAPHbIH
notok, a notok B 3AT'C ana perucrpanin Gpaka - HeopaunapHbli. OaHako, el B
HEOPIMHAPHOM MOTOKE 3a4BKH O/IHOPOJIHbLE (1.€. BCE - mAPDI, KaK B NOC/IEIHCM IpUMe-
pe, Wiy Bee 3aABKH - TPOHKM, U T.IL.), TO 3TOT HOTOK MOZKHO CBECTH K OPAMHAPIOMY,
PACCMOTPEE HOTOK Map, TPOeK U T.IL.

Ecnu K (t) - unciao TpeGoBanuil, NOCTYIAIOIMAX B CUCTEMY 32 IPOMEIKYTOK (0,1), To
rpaduK H3MeHeHus Tl Cily4aiinoi BEIHIMHBL CCTh rpaduk HeyObiBawe nesioi
dysuxmun ot ¢ (em. puc. 4).

K(t) * K(t) *

g e 3t )
. 1+ ~—0
L—..Q__ S _...,,._|___ 'i_' ) .__., ..__9 i I L ____i ’
0 tyhs fs ts s ¢ 0 'ty tz t3 ty ts
[ns opduHapHo20 [lns HeopOuHapHoO20
nomoka rfnomoxka

Puc. 4

Femit 10TOK 06/afaeT BCEMH TpeMd NePeduCICHHbIME CBOMCTBAMHU, TO OH HA3BIBALTCH
npoCmetiuM, I NYACCOHOBCRUM NOTNCKOM.

3aaAMM BCPOATHOCTH NOABICHHS OMHON 3aABKY 32 Majlblil IPOMEKYTOK BPCMEHH
(.t + h) ganust b crepyouteit hopmyoi:

;i (t) = M+ o(h). (6.1)

Samerum, 4To P; (1) 03HAYALT HE BEPOATHOCTb HANUYUUA OIHON 3afBKH B CHCIEME B
MOMEHT BPEMCHH f, & MMEHHO BEPOATHOCTD MOABJICHUA OJHON 3asIBKH, TPH ITOM J10 STOTO
3a5IBOK MOLJIO BBITH CKOIBKO YIOIHO ¥ MpubaBuiach Ciie 0JTHa, T.e. CHCTeMa U3 COCTOAHM
E).(t) nepemna B cocrosuue Ey(t 4+ h) npu mobom k (Bi(t) = Ega(t +h)).

13 opmyast (6.1) u yenosuit, HajzaraeMbIx Ha mporece rubesiy 1 pasMHOMKeHUs, Clle-
JiyeT BHITIOTHEHHE BCEX TPeX CBOHCTB IPOCTEHIIEro MOTOKA /s HPOHecca YUCTOTO pas-
MHOKeHHIsl, PACCMATPUBAEMOrO Kak IOTOK. [TOCKOJBKY IHPOIECe HHCTOrO PASMHOZKCIIHIA
onpejessiercs: pacnpeaeaenuem Ilyaccoua (em. . 4, dbopmysa 4.1), To npocreiuuii 1mo-
TOK 4aCcTO HA3ZHIBAIOT MYaCCOHOBCKHM.

[IyaccoHOBCKHIE MOTOK CPeIH IMOTOKOB HI'PAET 0coBy10 POJb, C HUM CTAIKWBAIOTCA 3Ha-
YUTETHHO Halle, 9eM 9T0 MOMKHO HPEeJNOJ0KHTD.

OKA3BIBAETCH, YTO TPH B3ANMHOM HAJOXKCHUM OOJIBINONO THCIa HE3ABHCUMBIX CTAIHO-
HADHBIX OPJMHAPHBIX TOTOKOB ¢ Ji06bIM nocieeficTsieM NoIyaetcs IOoToK, CKOJIb YIOJI-
o Gumskuit k npocrefimenmy. Tpebyercs muimib, 4TGB! CKIAALIBAEMBIC TOTOKH OKA3hlBAH
Ha CYMMy PABHOMEPHO MAJjoe BIMsiHAE (MMM MAylo HHTEHCHBHOCTD, T.€. MAaJThli BKJIAJL
KAYKIOTO MOTOKa B 0BIIy10 cymmy) (Teopema A4 Xunuuna).
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CyMMHUpPOBAHHE TOHUMACTCS B TOM CMBIC/IC, UTO BCE MOMEHTHI HOCTYII/IEHUS 3aSBOK B
Kaz/IOM HOTOKE CHOCATCH Ha OJIHY OCh (KaK CyMMAapHBIH IOTOK MOMKHO pacCMaTpHBATh,
HATIDEMED, HMOTOK ABTOMANIMH Ha JOPOTe ¢ JOCTATOYHO MOIHBIM JIBUYKEHUEM MM I10-
TOK Tpebosannii, obpasyomux o6muil cnpoc Ha KOHKYPEHTHOM puiike). Ilyers norokn
11, y, ..., I, cpaBunMbl no csoemy Biusiauio Ha CYMMAPHbI i IOTOK (HO He cpaBHAMbL

HO MHTEHCUBHOCTH CO BCEM CYMMapHbIM 110TOKOM). Toria morok E [l cramumonapen u
A‘:]
OP/\MHADEH, a NMOCAeIeHCTBHE UDH POCTE 7 JAOJAKHO ¢1a0eTh, ,YAeaAbHbI BECY TOYEK Kayk-

AOTO OTACIBLHOrO HOTOKA ¢ pocToM n Oyzer yOwisarsh, Kaxcnaa uz Touek, momagaionmx
B ABa HCHEPECEKAIOIMXCA BPEMEHHLIX OTPE3Ka, CIYYalnbiM 06pazsoM MOMKET OKA3AThCH
NPUHALTEZKAIEN TOMY MM HHOMY HOTOKY, OCTAJIBHBIE TOUKH TOXKE CJIYYARHBIM obpazom
HPHHAJLTEIKAT PA3HBIM IOTOKAM U NOSIBIISIOTCS HA 9TUX JBYX OTPE3KAX HE3ABUCHMO ApPYL
OT Jpyra.

[paxTnaeckn, okazpiBaeTest, JOCTATOUHO CHOKUTD 4-5 TOTOKOB, YTOOBI IOJYYHUTE 110-
TOK, ¢ KOTOPBIM MOZKHO paboTaTh Kak ¢ 1yacCOHOBCKMM.

Yupaxkueaus

e 1. [IpuBeante npumeps KOHKpPETHBIX CMO, nmeomux ciaeayonme BXoAgdme noTo-
KH! PCTYJISIPHBI, Cranuonapubiif, opjuHapusi, 6e3 nocjaeaefcTBIS.

e 2. Kakumu cBoicTBaMu 06J1a086T OTOK HOCETUTCINCH pecropaHa?

e 3. llycts och Bpemenn pasbura Ha IPEMBIKAIONTIE JPYT K JIDYTY PABHBIC MAJCHLKHE
OTPE3KM JUHOM 0§, cTpemanieiics K mymo. Ha kazximom OTPE3Ke IMPOU3BOJATCH HCITHI-
TaHue, KOTOpoe OKAHYMBaeTCs yliaieh ¢ BepOATHOCTEIO P U Heydauell ¢ BepOsiTHOCTHIO
g = 1—p. MoxKHO 111 TOLJA OCIEI0BATELHOCTS OTPE3KOB, COOTBETCIBYIOIINX Yia4e,
pacCMaTpUBATDL KaK NOCIeA0BATENbLIOCTD TPeOOBAHMI U3 MyacCOHOBCKOIO OTOKA?

e 4. B asponopt npubniBaer 1yaccoHOBCKHI NOTOK CaMOJIETOB, B CpeaHeM 2 caMoaeTa
3a b munyT. Haiitu Bepositocts toro, uro 3a 15 mus yT upubyayr 3 camoliera.

e 5. ITo mocce Mmumo HAGIIOAATENS ABUKETCS B OJIHOM HANPABJICHUN MYACCOHOBCKUIL
DOTOK Mammmi. V3peciio, 9To BeposTHOCTL OTCYTCTBAS MAIIMH B TeYeHuHe 5 MUHYT
pasna 0,5, T'peGyercs HaliTH BEPOSTHOCTD TOIO, 4TO 33 10 MHHYT MEMO Habaonarens
npoiiuer He Gonee 2 mMaluuy.

7. OcHoBHBIE XapaKTEPUCTUKH MYACCOHOBCKOIO MOTOKA

[Iponece Ilyaccona Gynem pacemarpusarh kax Moze b Bxongmero 8 CMO 1iotoka.
Torpa Pi(t) osmauaer seposTHOCTL TOMBICHNs TPEOOBAHMI 34 TPOMEKYTOK BPEMEHM
(0,1).

Basucnmocrs Py(t) or k ot M moxer 6uith npejcrapiiena Caeayommm obpasom:



Puc. 5

Dra ¥Ke 3aBICHMOCTh 0T ¢ TpH A = 1 HMeeT BI:

pk(t) &
1 4 ST R T I R B
Polt)
p(t)
pAt)
plt)
e
: : P >
0 y 2, 3, t
“, f A
Puc. 6

B m060it Touke 1 (Al) BLIUIOJHACTCA PABEHCTBO:

S m) =1

k=0

D10 o3HAYACT, 9TO B 000 TouKe t (At) cymMMa Beero DECKOHEYHOI'0 CeMercTBa rpaguKos
paBHA CIMHAIE, T.¢. CyMMapHbiit rpaduk (cM. puc. 6) npejcrapiser coboit rOpH30HTAIL-
HYIO HPAMYIO, NPOXOASAIIYIO HA BBICOTC, PABHOM CAMHMILE.

[Tycrs K — AucKpeTHast ciydaiiias BeJMduna — YHCIO 3a9BOK, NOABMBIIMXCH 32 HPO-
MexkyTok (0,t). Haitnem ee maremaruyeckoe oxunanue M(K):

_ il =, (A)* 2 (At = m
M(K) = Lkm(t) — Zk(_m_)__e-)u - E—M/\tz (At) — ey Z (At) .
k=0 k=0 A : x

(k—1)!

Nrax,
M(K) = At. (7.1)
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Boranennm guenepenmo D(K) nannofi cayvaaitnoii seanauns 1o dgopmyae: D(K) =
= M(K?) — M?*(K).
Haiigem M(K?) - navanpupiii MOMEHT BTOPOT0 TIOPS JIKa:

=M e, () T Vs
ﬂ'.!r K* Z v:\, pk Z k ‘“Fe =N Z rli(k—_i-j?( =
k=0 k=0 k=1

1

(/\f)’“ W S g A o AL e fAAT
= Ae M(\t Z (’\f)m + M) = Ate M (MeM + ) = At(Mt + 1).

m=

Torna:
D(K) = At(Xt + 1) — (At)? =

D(K) = M. (7.2)

Takum 0bpasom, u cpejlee 3HAMCHUC, U JAMCLCPCHA JJTH TYACCOHOBCKOTO PACIIPEIeTe-
HUH OJIMHAKOBbI M PABHBL L.

PacemoTpum Tenepn pactpejie/ieHue JUIHHBL TPOMEXKYTKOB MKy COCeTHIMHU 3a5BKa-
MU IIyaCCOHOBCKOT'O HOTOKA.

IHycers 7 — cayuaiinag seiwauna, pasuasi MHTEPBAJY BPEMEHU MeXKIy COCETHHMU 3a-
spkaMy, nocrynaomumu B CMO. Ee dyukumio pacnpejejseHus ¥ nioTHOCTS 060310aunM
coorsercrento uepes A(t) u a(t). Torya, mo onpeaenennio niaoruocrn, a(t)h + o(h) ecrn
BEPOSATHOCTDL TOTO, YTO CJCAYIONAA B3agBKa MOCTYIUT HE PaHee ueM 4Yepes ¢ Cekymm mo-
CJIe MOCHEeIHero npuitejero TpeboBanusd U ne moszamee yem depes ¢ + h cexynm, rae h -
JIOCTATOMHO MAJIO.

A(t) ecrn BeposiTHOCTB TOTO, w0 T < 1, 1.8 A(t) = p(7 < t) ~ BEPOATHOCTH TOTO, YTO
BpeMsl MeZK 1y cocennMu 3asgBKamu He boabme ¢. Torpa A(1) = 1 —p(r > t). Ho p(r > 1)
o3HAYaer BQ])OHTH()("T'B TOTO, 9TO 3a IPOMEKYTOK (0, 1) He TPANILIO HE OAHON 3asBKH, T.€.
p(7 > t) = po(t) = e (u3 bopmyan 4.1). Orcrona

Ay =1=e*, rne t > 0.

Torna
a(t) =AML = XeP im0

ITO TaK HA3BLIBACMOE NOKA3AMEALHOE pacnpedeserue.

MTaK, myaccOHOBCKHIl MOTOK 3asBOK XapaKTEPH3YCTCH NOKA3AMEALHIM pacnpedene-
HUEM BPOMEHCYTNKOE GPEMEHT MEHCOY MOMENNAMU NOCTYNACHUA IMUT 3AABOK.

OBparum BEUMAHIE HA TO, UTO NOKAZATEILHOEC PACTIPEIEICHe XapaKkTepusyeT Henpe-
pui6HY10 CIYIalHYIO BeJHYHIy, B OTIHYKE OT NyacCOHOBCKOIO, XapaKTepH3YIOero duc-
Kpemuyto ciay4dalinyio Beauinny.

Pacemorpum MaremMaTHaecKoe OxKuganue cayvaiinoit Beauyunnl 7. Ilockonbky 310
HeTpepbiBHas CayvaiiHas BeJUUnHa, To

M(7) —-.] '(..rf,(t.)dt:,\[e'”trit—/\[—Ec_’“‘{ +l/ e"**dt]zA[_--Ee—”' +
o Jo AL Tl Al AN
i T i
Lo LA :
M( )= =.1| (7.3)
Wiema (AR
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[1ak, cpe/iHee BpeMs MeK Ly COCeJHUMH 3aiBKAMH PaBHO i} riae A — MHTEHCUBHOCTD BXOJI-
HOTO MOTOKA. 3aMETHM, YTO ITOT PE3YJALTAT ObL1 OYEBHICH C CAMOI0 Hada/a, MOCKOIBLKY
A - cpejiHee UueI0 3adBOK, TOCTYNAKMNX B €/JMHUILY BPeMEHH.

Haitem AuCHepCwio caydaiHoll Bequunasl 7 1o dopmyie: D(1) = M (%) — M?*(7).
M (72) — HAYAJBHBI MOMEHT BTOPOI'O MOp/IKa, KOTOPBI s HEempephuIBIOH CIy4aiHOM
pernnns mveer sua: M(r%) =[O t*f(t)dt, rne f(t) — naoTHOCTS.

Torna B HameM cjydae:

. o _ $2 © 9 [
M(r?) = )\/ e Mdt = A[——e M| + —/ e~ 'tdl]
A o SV S CRS i 2
:/\[—Xe 0 ﬂx(—xc =~ 32¢ )D-t:/\g.
2 1 1
_ I i
D(r) = - (7.4)

3aMeyaTeIbHoli YepToi MOKA3aTEILHOTO PACUpeAeIeHusd ABIACTCA OTCyTCTBIE TOCIe-
AeifcTBUS, T.C. 3AKOH PACHpPCeleIeHts BePOATHOCTEN JUlsi MHTepBaIa BPEMEHH MEZKJLy CO-
COUMMY 3a4BKAMI COBIAJAET ¢ 3aKOHOM pacipefeseHud BePOATIOCTed /1 nHTepBaJa
BPEMEHT MCKIY TPOU3BOIBHBIM (DHKCHPOBAHHBIM MOMEHTOM fo 1 DUIMZKARIITEM MOMEHTOM
NOCTYNTeHns 3agBKy. JpyruMu c10BaMi, eciii MPOMEKYTOK BPEeMCIH, pacnpejeseHtbl it
110 TOKA3ATEABHOMY 3aKOHY, YK€ JUIHJICA HEKOTOpoe BpeMd fg, TO 5TO HHUKAK HE BJIMACT
HA pacIpesie/icHue ocTapulelics YacTH IPOMEXKYTKA, 3aKOH Paclpe/e/CHus Oyuer Takum
JKe, KaK U Jiisd BCEro npoMeskyrka 1.

JeitcrBurensno, mycts T - caydgaifimbiit 1poMeKyToK, (pyHKIACH pacupenesenns Ko-
Toporo asigercs A(t) =1 — e, Tlyern T yiKe IPOJOJKACTCH HEKOTOpOe Bpem# ig, T.c.
nponsonuio cobpirue T > to. Haligem npu 310M HPeAIONoKCHUN 3aKOH PacipeieTeHid
octapuieiica gacru T —tg. O6o3HauuM ero yepes A (t), re. A (t) =p(T—ty <t |T > o).
Joxkanem, uro A (1) ne 3aBucur or tg.

PaccMoTpuM BEPOATHOCTH nponsseenus cobbrruit: T —ly <t u T > tg, Te.

})((T —1lp < f') : (T = tg)) = p(T > 'ﬂg) # p(T —ipg < | T tg) - p(T > fn) . Ato (!)

Omreroma:
Atu (f) - p((T —tp < f') ! (T > tU)).
p(T > to)

Ho npoussenenne coburruit T —ty < t u 1" >ty o3nagaer fy < T < t+ty, a Torjga ero
peposiTHOCTH pasHa: A(t + to) — A(t), npuem p(T' > to) = 1 — p(T < tg) = 1 - A(to),
TOTIA:

A1) = Alt+1to) = Alto) _ 1—e M0 — 140y
' 1 — A(to) 1—1+4e Mo -
YuparkHeHust

o 1. Tloxazure, 9ro Todky Maxkcumyma dbyukuuit pg(t) ¢ pocrom k (k > 1) obpasyor
apuPMETHIecKy10 TTPOrPECCHIo.

" 0y

e 2. Jlokasure dopmyast (7.1) u (7.2).
on



e 3. [Iycrs nmeercss myacconosekuil moTox ¢ napamerpom A = 3(munyrsi). Hafinure
BEPOATHOCTL TOTO, YTO JJAMHA WHTCPBAJA MEKJY COCCJHUME TPeOOBAHUSAMHU COCTAB-
JigeT OT JBYX JIO TPeX MUHYT.

8. Pacnpegesnenune DpJiianra

PacemMoTpumM HOBYIO CIYHARHYIO BEIHYMHY — TPOMEKYTOK BPEMEHU MEZK 1y MOMEHTAMH
HOCTYIICHUs! B IIyACCOHOBCKOM IIOTOKE JBYX TpeOOBaHuUil, He CICAYIOUIUX HeIIOCPeaCTBEeH-
HO OFHO 3a APYIUM, a ¢ nponyckom m — 1 mpeboeanudi. Unaue rosops, apocensacMm B
IyacCOHOBCKOM 10TOKe" m — 1 TpeboBanue U YYUTHIBAEM JIHIIL TPEOOBAHUE ¢,,, 3aTeM
BHOBL ,JIpocenBaeM™ m — | rpebosanue, bepem TpeboBaHue €y, U T.0.:

e — o & — — _* @

0 CiCs...Cm4 Cm Cmet ... Com!!

Taxum 06pasom, BOZHMKACT HOBBIl TTOTOK, COCTOATINNR U3 TPEOOBAHUN Cpyy Cop, .. OCTAND-
uble pocesitnubie” TpeboBanug Kak Obl 3a0BITH .
3ameTHM, UTo ciyvaiinag pesmduna T; UPHHAMAET 3HAYCHUS TIPOMEKYTKOB BPEMEHY
MEZKJY MOMEHTAMU HOCTYILICHUH 3a84BOK Cj_1 U Cj, MEKAY Crypi—1 B Crgis MEIKIY Comai—1
M Copgi, W T Jist 1) MOMEHT IOCTYIIEHUS ¢;_ 1 = Cp €CTh HAYAJIO OTYETA BPEMEHH.
Hafinem 3akoH pacipesenseHnsi CyMMbl:

.
T=T1+T5+..+ Yoy == E r)";g_.
k=1
Cnyualinpie Bendnabl Ty He3aBUCHMbI H UMEIOT OAHY W TY JKe MJIOTHOCTE at) =
e _ ) s e L e
= e~ M, lIpeobpazosarue Jlamnnaca mrornocru \e Al jiveer BM/I: )\‘]0 e~ Me—Stgr C
JPY1oit CrOPOHBL, 3TOT UHTEIPAT MOXKHO PACCMATPHBATDL KAK MATEMATHUYCCKOE OAMIAHNe

caydalnoi BeJIMannbl e"“"T’»':
. — T o 2\ D P e A | ™ A
M (e '“?‘f) = }\/ e (A+ '5)!'d£ = —— (A8l —, e k=1,...,m.
0 A4 g 0 A -+

Pery

—l Z Tk-
M Ty=Me F )=Me . o~Tny (A ym
A+ s
[locsreiee paBeHCTBO BBLINOJHACTCS, TaK KaK MaTEeMATHYECKOE OKUJAHUE OT HPOU3BELe-
HUS CJYHAHHBIX HE3aBUCHMMBIX BEIMYUH PABHO NIPOU3BEICHUK) MATEMATHYECKMX OXKUIIA-
HHIT 9TUX BEJIHYHH,

[Ipeobpazosanne Jlamiaca mioTHoeTy a,,(t) pasno j u,m(t)e._“dt, ITOMY K€ MHTC-
]
rpajy paBHO MaTEMaTHYCCKOe OXKHJIAHKE CJIYYARHON BeITIHHLL e‘ST, MOCKOJIBKY (hyHK-

sT

UAH IIOTHOCTH cayydalineix peanaun e 7% u T coBnapawor, T.e.

r A ol ]
Nt B i L m:/ (e~ Stdt.
(e ) ()\ = 5) 1 am(t)e dt

Torma M(e™*7) ecrn ofpas, a cooTsercrByouii OpUruHaJI 31010 obpasa no rabauiam
npeobpazopanug Jlamnnaca umeer BujL;

/\ }\t m~—1
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am(t) ecTh IWIOTHOCTH BEPOATHOCTEH JJIs MHTEPBAJa BPEMEHN MEXKIY ABYMH HErnocpe/i-
CTBEHHO CJIEAVIONINME APYI 33 APYroM MOMEHTAMH HOCTYTIACHUS 3AABOK Cry, Comy ooy T-C.
paccMarpuBaeTcs HOBDLIH NOTOK. Ero nasuiBaioT nomoxom Ipaarza. Bean B npocTreifiem
MOTOKE [IPOCEHBAIOTCA™ KAz ibie 1 — | TOYKH, T.e. COXPANseTCa Kazxkjas m-4 TOUKa, 10
MOTOK HAZBIBAETC nomoxom Dpaanza (m — 1)-zo nopadwae. [Tpn m = 1 juist LIOTHOCTH 110-
ayuaem Ae M T.e. o0prgHOE HOKA3ATE! TbHOE pacupeaenenne. lrax, notox Jpaanra — 310
MyacconoBCKUH HOTOK € Japocensannem. IIpo dopmyay (3. !} roBopaT, YTO OHA 3alaeT
pacipeiesiciue Dpianra.

[Tpu m > 1 pacnpenejieHne Dpaanra JOCTHTAeT HAHOO/IbIIETO 3HaYeHUs B TOUKe tosid)

ayt) T

m\

¥

1 t
A
Puc. 7
B cayuae, korna m =1, nanbonpiee sHadenne jocruraercd npu ¢ = 0O:
'y
aq(t) |
IS
»
0 t

Puc. 8

IIpumep.
B CMO, couepkany© 2 npubopa, HOCTYIAIOT 3adBKH B [IyaCCOHOBCKOM LOTOKC, TIpH-
qeM, 3asBKH ¢ HEYETHBIMI HOMEpaM# 0DCITYKHBAIOTCS EPBHIM npuHOPOM, & ¢ YETHLIMHK —
propbiv. Torz@a IIOTHOCTH BEPOSTHOCTEH JUTMH HHTEPBAJIOB BPEMEHN MEXKIY MOMCHTAMN
MOCTYILICHUS 3asBOK HA KazKiplil M3 3THX NPHOOPOB OUPE/IeIAIOTC 13 (8.1) npu m = 2
(IpormyCKaeTcs WM ,IPOCeNBAeTC” OfHa, 3aABKA).
B3 5pIARTOBCKOM HOTOKE MBI Y7K€ 'OBOPUM O PACIPEJICICHIH I‘[J‘[UTHOCTII BEPOATHOCTH
7719 MHTEpBaJia BPEMEHN MEZKILY COCeTHUME 3adBKaMu (BCe ,mpocednnbie” 3a6niThr ). Tak

1 1
kak M(Ty) = 3 ATy = 32 (eM. TIOKA3ATEIBHOE PACTPe/ielerne), T0:

m .

M ( Zn Zm__

H[)H m — 00 MaTeMaTu4IecKoe O anmne n JUCTepcus nareppaia BpeMEHH MeAC Y MOMEeH-
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TaMIt TOCTYIJICHUE ABYX TOC/EIOBATENBHBIX 3a5BOK PIAHIOBCKOTO MOTOKA CTPEMSITCH K
HeckonedHoCT .
Ecau nponopmupyem 1otok, 3aMenus A na Am (T.e. ymMenwimmmM Macirab o 0cu Bpe-
MEHU B 11 PA3), TO IOy YnM:
1

Mﬁﬂrngxﬁ:

1
mA2’
Toraa npu m — oo, aucnepcus crpemures K HYJIO, CICHOBATENBLHO, MTOTOK CTPEMUTCS K
PELYJISIPHOMY € IPOMEXKYTKAMU BPEMEHU MEXKALY TPOOBAHAMMI, PABHBIMHU i DTOT NOTOK
yze Oyaer norokom ¢ nocaeneiicreuem. Yem 6omnbiire m, TeM DoJIbIIe HoCae IelicTRIe, ecn
m o= 1, nocjeaeiicTsus Her.
Pacemorpum npumep npuvenenns paciupenesienms Dpuaanra — npouecc wucmoti 2ubei.
Ilycrn norynsanms naunnaerea ¢ N 4ienos u B uei NPOHCXOJUT Tudelb He3 Kakoro-
700 BOCHOJINEHMA W TYCTh BCE iy, = fi, toie k = 1,2, ..V, a Bce Ay = 0. Torna umeem
CJAEAYIONIYIO CHCTEeMY:

(1o’ () = upa (1), npu k =0,

p!\r(\f,) - f-—,u.:‘.?

i
pr-1(t) = e M [u /e‘“ﬁefu’tdi + C'J ;

0

yurd, 9ro py_1(0) = 0, noayumm:

Pr-1(t) = (ut)e™HL.

JAII:'LII(H‘H HHO,

e
}DN-—E ('!J) f— (_,{i.i)_e ;Lt’
TOIJIA
( t N—k bd.
Pe(t) = (f—)_‘ﬁ—)le W gk <N,
i) = i
S
N

N=1
plpt)™ "t g
g ) = _pmihe o
Taxum obpazom paa py "(t) nveem pacrpejenenne Dpianra, T.e. 970 pacnpeesieine xa-

PaKTCPU3YeT ,CKOPOCTH™ OMYCTOMCHHSL CHCTEME, B KOTOPYIO HUKAKME wHOBbIE" 3aABKH He
HOCTYTIAIOT.
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VYupakaeHud
e 1. Kaxoii nOTOK HA3BIBAIOT NOTOKOM pnanra (m — 1)-ro nopsaxa?

e 2. [o mocce B OLHOM HAIIPABICHNH JIBUAKETCA NYACCOHOBCKHY MOTOK MALIHH € HHTEH-
cuBHOCTBIO JiBe Mamunbl B mupyry. [ocr JIIC ma passuike nanpapisger Kazkiylo
TPETHIO MANIAHY B 00be3], 110 60KOoBOH Aopore. Hailjre cpeHIon AJIMHY HHTCPBAIA
MeKAy MaltMHaMi Ha O0KOBOH Jopore.

e 3. OxapakrepusyiiTe npouece YHCTOi rHOCIH ¥ BRIULIATE COOTBETCTBYIOMYIO CHCTE-
My suddepeHnuanbHbIX YpaBHEeHUI.

9. Cucrembl, OIKUCBIBA€MbIE MPOIECCAMU TMOeJ I U pa3-
MHOYKCHUS, B CTAIIIOHAPHOM peXKnMe

CucremMy MaccoBOTO OOCIYKHBAHNS MOMKHO OIMCATH C IOMOIIBIO Tponecca rubesn u
pasMHOXKenusi, Hanpumep, uMeercs NpueMHad Bpaua, COCTOAIad U3 oYepein B JIAHHBIT
kabuaer u obcay:Kupanusa BpavoM B KabwHere. Mowment npuxoja nanuenra B odepeib
MOZKHO PACCMATPUBATL KaK [OCTYIIEHHE 3asBKH B CHCTEMY HIIM KAK POXKJEHHE HOBOTO
yiena nouysspn. [Tonyaanus B JJaHHOM CJIydae - COBOKYIHOCTh BCEX JIOJeH, 07K1aa10-
IMX IpHeMa, a TaK/Ke W TEX, KTO YZKe HaXOAUTCsl B KabuieTe y Bpada. Yxoa nanmenTta
I0CJ€ OCMOTpPa BPATOM MOKHO MHTEPIPETHPOBATH KAK YXOI 3adBKH U3 CHCTEMDI H/IH
rubeb 0JHOTO WIeHA TOMYJISIHH.

PacemoTpum crydail, korga CMO paboraer B CTalMOHAPHOM DpeXKHME, T.€. Koz0a
pocmom t eepoamuocmu pi(t) CManoSAMEA NOCMOAHNUMY WL, YTO TO JKe camoe, Korjia
CYIIECTBYIOT TPE/1eJibl

Jim py (t) = px ,

L€ Pp — BEPOATHOCTH TOIO, YTO B MPOUIEOALHBILL MOMENHTN NOCTATOTHO OT/@AIEHHOr0 Oy-
Ayiiero B cuereme Gymer HaxopuTbes k 3agBoK. To, 4To py He 3aBHCHT O1 BPEMEHH, HE
03HaUAEm, 9TO B TIPEIEJBHOM CIy4ae MPOLECe He MOYKeT MePeXOHTh U3 OJHOrO COCTOAHNS
B jipyroe. Yucao wIeHOB MOMY/IALMH U3MCHACTCA BO BPEMEHM, HO GEPOATNHOCIMD npedb-
BAHHS CHCTEMbL Hepe3 doCInamonno 60avoe BpeMs B COCTOSHAM E) paBHA BeIHYHHE Dy

[TocKOIBKY Py ABIAKTCS KOHCTAHTAMM, TO Py (1) PaBHBI HYJUO, U, 3HAYHT, CHCTEMa
nuddepennuaTbHbX ypapHenuit (3.2) npespainaerca B ajredpanvecKyio, Koropas uMeeT
BU/L:

{ 0 = —Aopo + 101 npu k =0, (9.1)
0= Me_1Pk—1 — (Ak + tx)Pr + frp1Prsr , TP K > 1. '

DU ypaBHEHHS 1JIsi CTAIMOHAPHOrO PEKIMA, TaK JKe KAK H panee, MOTyT ObITh N0y elbl
HENOCPEJICTBCHHO U3 JUArDaMMbl EPEXOL0B.

M3 nagHod CUCTeMBl JIErKO YCTAHOBATD, 9TO B CTAIMOHAPHOM PEXKUMe MOTOK AOJIZKeH
VIOBJETBOPSTH YCJIOBUHIO COTPAHEHUA B TOM CMBICIE, YTO BXOAAIINH 1IOTOK JOJNZKEH 6bIThH
spaBeH" BBLIXOAAIIEMY, T. €.

AePk = Pk41Pre1, TAC K 2 0. (9.2)
O6parmo, u3 (9.2) caegyer (9.1). JeficreurensHo, 3amuimem (4.2) B OMHOPOAHOM BH/IE:

0= —AePk + Hkr1Pk+15
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HODABUM Ay Pr_1 ¥ BBIYTEM gDk, KAXKI0€ YPABHEHHE CHCTEMBI TIPH 9TOM HE H3MEHUTCH,
TaK KaK Ap_1Pk—1 = HgPk, TOTIA HOTYIUM:

0= Ak—1Pk—1 — MPr — MiPk + Mkt 1Dk41-
Torna:
0= Ap—1Pk—1 = (Ak + )Pk + Mrs1Pk41- (9.3)
(9.3) conagacr ¢ (9.1), .e. encrema (9.2) paBHOCUIBLHA CHCTEME (9.1). CaenoBarensso,
PCHINB CHCTEMY DaSHOCTHLIX yPaBHEHHUM, Mbl IOJyYnM pemenne cucremsr (9.1).
Haitnem pewmenust pr. (k> 1), BMpaznr ux wepes po.
N3 (9.2) ans p; umeem:
P = —Po.
141

Bocnonbsyemes Merogom Maremaruueckon nupykinin. [Ipeionoxkum, 9o B caydae no-
Mepa k pp umeer B

s (9.2):

k
Ditl =1
Hi1
Torma:
iy Ao Ag—1 Ak
fapp = Sl
P i b4
Taxum obpazom:
. )\D---j‘k—l
Pe=———, HIHK
Pees o
‘ — j_/\ _____ =
| Pk = H —po |, k=1,... (9.4)
' § 0 !"{'i'f'l

910 pewenue cucremsl (9.1) B ycTaHOBABINEMCH CTAIMOHADHOM peskume. U3 (9.1) enenyer,
HTO py > 0, TAK Kak B IPOTHBHOM CJYUYAE BEPOATHOCTH HAXONKIEHHS CHCTEMbl B JI0O0M
KOHEYHOM COCTOSHUN OYIyT PaBHBI HYJIO, T.C. CUCTEMA BCerja 6yaeT nMerh GeCKOHeuHOe
MHOYKECTBO 3asBOK M Heab3s Oyner omucarnh ee xapakrepuernku. Tpebosanme py > 0
O3HAYAET, YTO CUCTCMA JOJIKHA 00A3ATENHHO BPeMsi OT BPEMEHH OMYCTOIATLCHA, TOJABKO
TOIJIA ¥ MOXKET OBITH HeHY/IEBOE 3HAUCHHE BEPOATHOCTH .

Bee epoarnocTn ppaxarores depes Koncranty po. Haiiaem ee:

o0
ZP’“ =1, Torua

k=0

Ao AOAL e AR
01 pn ..l_ s % __{_}_. ].'__ k L}On + e ]-1
Hiliz Hip2. - M

Ao
Po+ T'PU -+
|

4

Orcrona:

(9.5)




oo k-1
Ai
Oranane Pp OT HyJId O3Ha4daeT IIEUGXO;I,HMOCTL CXONUMOCTH pdAga E H - . CJ!(:‘.,ZLOH&-
0

1 it
Ak
TeJNLHO, 715 CTAIIMOHAPHOIO PeKuMa, HA4MHAs C HEKOPOIo HoMepa k: < 1.
Hr+1

ITpumep.
Pacemorpum CMO ¢ norepsiMu, ¢ OTCYTCTBHEM OUepeJin, J4Jid KOTOpol n = 2 A=
) p
= 2.y = 2, paboTaIOIy0 B CTAIlHOHAPHOM PezKuMe. Jist Hee auarpaMma MHTEHCHBHOCTEH
o f I .
nepexonos Oyaer uMeThb BUIL
2 2 0

KM2
= N

2 4 0
Torna nomayaum:
2
pl = ‘_pﬁv
_ar 2
pz - 2 R 4p0!
po+p1+pe =1,
2 2 1
orcyna: pp = = D =g ePr= et
5 5] H

Hafinem cpejiHee 9MCI0 3a4BOK B CUCTeME 1O popmyJe:

N=0-pg+1:p1+2:ps.

Torma: 5 B
. ; 1
N=0--+-+2--=0,8
o) o )

B nysxTe 5 paccMOTPeH TpUMep aHaJIorHYHON 3ajadu Jjsd CMO, paboratomeil He
B CTAIMOHAPHOM PEXKHMe W HMeloleli mapamMerper: n = 2,4 = 1A = 3. Ilpg £ =¥ o0
2 i

6 ¢
COOTBETCTBYIONIME BEPOATHOCTH OyIyT PABHBL Py = e P = 7 Do = 7 Torma N =
6 9 7 e
= ] ST +2 5= 1F — MaTeMaTHHecKoe oykujanue dnciaa sagsok B CMO, paboraomei
{ {

B CTauuOHapHOM pexnuMe HIH, 4yTO TO XKe camMoe, cpeanee YUCTO 3aHATHIX HPHGODUB. B
cayuae CMO, paboraoineii B CTAllMOHAPHOM PEXKHIME, H HMeEIoNIell napaMeTpbl: 1 = 2, A =
1 &

[

1]

=2, =1 (cM. IYHKT D), COOTBETCTBYIOLINE BEPOATHOCTH PABHBL: Py = ;),1!31 = g,pg = -
‘ .
6

a cpejHee 4YUCI0 3adBOK B cuacreMe — —.

L=

3ameTnM, 410, n300pa3uB rpa(bnﬁfi byukumit po(t), pr(t), pa(t), N(t), Moxuo oupene-
JUTH, B KAKOH MOMEHT BpeMeHn paGOThl CHCTeMbl YCTAHABITMBACTCH IPAKTHICCKH CTAIO-
mapupit pexkum. B caywae CMO ¢ norepsivu, nMeromei napaMerpol: n = 2. X= 8 =1,
MOYKHO CHUUTATh, ITO 9TO CIyuuTea B Moment ¢ = 1.8 (cM. puc. 9).
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Puc. 9

Honywenusie s pacemorpernbix CMO nanubIe MOXKHO CUCTEMATH3NPOBATL B CJICAY-
oueil rabimne:

H1B| PPN P
2 | | 5| V5|45 15
1
1

V5125|125 65| 1
%7 % %7 |Vin %2

W NN >

n
2
2
2

B nocaemiem cronbue crosr snadenus koadpunmenta uenmonn3opanmst s kaxuoi CMO.
Takum obpasom, npocaeaus 3asucumocts N 0T p, MOKHO CHCAATD CJICAYIOIIEE eCrecTBeH-
HOE Ipe/io/ozKenne: qem 6osbine 3arpyska cucreMsl (p), TeM GOJBIE B CPELHEM UUCIO
3aHATBIX HPUOOPOB B CHCTCME.

Kpome ciyqailHbIX BEJIHYHI, XapaKTePU3yIOWEX BXOAHOI norox, 8 CMO wuccienyer-
Csl elle OJHA HeMpepLIBHAs Cayvaiinas BeanuanHa — Bpems 00CAYKUBAHUA OAHON 3asBKH

(Tosen). OBosHaunM ee dyuximo pacripeyenenns A(t):
A(t) == p(r L)ﬁr..nym g 5)

Jlng npakruxn ocobwbrii HHTCPCC TPEACcTaBAser ciyaai, KOIja 9Ta cilydaiHasg BeJauduna
pacipe/iesicna 10 moKa3aTeJbLbHOMY 3aK0HY, T.e.

a(t) = pe™  (¢>0), rme

p - BesmdnHa, obparHas cpeHeMy BpeMenu 00Cy AKRBAHIS OIHON 3adBKN:

g
! M (Toﬁt‘ﬂym) ]

Ha npaktuke cywmecrsyior yeaosus, s KOTOPBIX BpeMst 00CIyKuBanNg AefiCTBUTEILHO
Pacnpeienaercs 1o SAKOHY, GJIHBK(J]\-‘iy K I'IUKHSB-'FEﬂbHDMy. 9’[’0 NPEXK e BCEI'O OTHOCHUTCH K
3aJavamM, rue ()6(!.}1_\,7}]\'1’[]3%1]11/18 COCTONT M3 pPaga ,,I'.[O]'l.bl’.f_'()l(“'.. Kaxjlas U3 KOTOPbIX HPUBOAUT
K HeODXOAMMOMY PesyJbTaly ¢ KaKOH-TO BePOSTHOCTBIO P.

”E-LH])H,\-TE‘.}), unuer OGC’l‘pE.H KaKOU-TO 1neam u OGCJI}’}KHHB.-HHG 3aKaH'uMBaeTCd B MOMEHT
€¢ TIOpParKCIns. (_)6(:1'})63 BCHAETCH HEZABHCUMDbIMM BhICTDCHaMH CO C}'}E,I[H{?ﬁ CKQ[JOC’J.‘&JEJ’[b~
HOCTBLIO x\ BLICTPENOB B eNMHHLY BpeMenu. K&}Kﬂ,hlﬁ BBICTPE.T IopazKaeT 1neab ¢ BEepPOsT-
HOCTBI0, PABHON p. 1Ipeiionoknm, 910 BRICTPEJBI IPOUCXONAT B CAYYAHHBIC MOMEHTBI
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BpeMenn u 0Opas3yloT mpocTeftuinit HOTOK ¢ IIOTHOCTHIO A. Torya oToOK BBICTPEIOB Pas-
nemwrest Ha yenemuble u Gesycrenrapie. I1oTOK yCHemmpX BBICTPEJIOB TOKE Oyuaer npo-
erTefiinuM ¢ MA0THOCTBI0 A = Ap (KX bl BHICTPES HE3ABUCHUMO OT APYTHX MOKET CTaTb
[OPAZKAKOTINM € BEPOATHOCTHIO p). BeposrHOCTh TOTO, HTO LeJib Hy/leT mopazKeHa A0 MO-
MeHTa f, paBHa:

A(t) — p(Toﬁc.ny)K < t) =1- E)(TOGC..‘I}'}K 2 t) =1- G_Apt-

Torga a(t) = Ape~ P! Te. mMeeM 110Ka3aTe/IbHOE PACIpeJeeHie ¢ IapaMeTpom Ap.

K ,mokazaTesbHOMY“ THILY 00C/IYKUBAHHS MOXKHO OTHECTH U obcy KUBaHHe MO yCTPa-
HEHUIO HeHCIIPABHOCTE TeXHUYeCKNX YCTPOHCTE, KOT/1a ITONCKY HEeUCITPABHOMN JIeTAIN 0CY-
EeCTBASIOTCS PAJOM LPOBEPOK; 3a4atu, KO ,o0CayKIBaHIE" 3aKITIOYAETCS B obuapy-
JKEHHE KAKOTO-JO0 06heKTa PagroJoKaTOpOM, eciu 00beKT ¢ OlPeJeNeHHO) BePOsTHO-
CTBIO MOZKCT GHIThL OOHADYIKEH NPH KaszKJIoM IuKae 0630pa. Hampnvep, cuuraercd, 4To
JIydIEil METOH OTHICKAHUs HEUCLPABHOCTEH B TEJICBH30OPC - METOXL 11pod. IlpakTuka no-
KA3BIBAET, YTO €C/IM MPU OTHICKAHMH HEMCTIPABHOCTEH B CJIOZKHDLIX CHCTEMaX MBITAIOTCH
OCMBICJNTD JIOTHYECKH [IPHYHHY, NPOCITETUTL BCIO JIEKTPHYECKYIO Lelb NMPOXOZKIACHHA
CHPHAJIOB, TO 9TOT MeToi Tpelyer 3HAUMTEIbHO OOJbIIero BpeMeHd, €M METOM pob,
KOHeHo, ¢ ObLyMBIBaHieM Hauboiee yIauHbiX 1pod (nanpumMep, MeTO/| HAIPABICHHOTO
nepeGopa). Tocaesunit - Haubosiee OOWIETPUHATHIH Y HACTPOMIIUKOB 3JCKTPOHION aria-
parypbl. Ecau npobbl He3aBACHMBI, TO MOTOK [ONBITOK - npocTefurnil, 1 OTOK YCIEIIHbIX
TOHBITOK - TOXKE NPOCTEHIIHHA.

[TokazaTebHLIM 3aKOHOM XOPOIIO ONKCBIBAIOTCA W Te CJy4daH, KOIjia TIOTHOCTL pac-
lpejIesIenns BPeMEHH 00Cy KUBaHs yObIBaeT IPH BO3PACTAHHH {. D10 DPOUCXOAMUT TOLMA,
KOTZlA OCHOBHAS MAacca 3asiBOK ODC/IyZKUBACTCH OYCHb BLICTPO U 3HAYUTEILHBIE 3a/1epPrK-
ki B obcryRupanny nabiogaiorca peako. Haupumep, B KMOCKe NOAAB/IAIOMICE BOJIbILIMH-
CTBO LOKYTATe el 06C/y KUBAETCA OBICTPO, HOKYIAA raseTy, 1 JIAILL WHOTAA HPOHCXOLUT
3a/1ePIKKa, KOTJa HAIMHAIOT IOKYNaTh 2KypHaT (cMOTPAT €ro nepej HOKymKoii). Amaio-
rrano, B chepbarke (JIOATO - eIy AKKPeJHTHB NIIH 3aBelianne) Wi Ha [MoYTe (HOKYyNKa
MapOK M KOHBCPTOB H OTIIPABJICHUE 3aKA3HOTO INChbMA I nepeBsoa).

OKA3BIBACTCS, YTO HPOMYCKHASI CLIOCOOHOCTH CHCTEMBbI CPABHUTENLHO MAJIO 3aBHCHT OT
3aKOHA PACTIPeJeIeHIs BpeMeni 00Cay KUBaHus, & 3aBUCHT, TJIABHLIM 06pa3omM, 0T Ccpeji-
Hero 3xadenus Bpemenu obcayxupanus. [TosToMy B TEOpHM MaCcCOBOTO obciy AKNBaHNA
YACTO TONB3YIOTCH JOIYTEHHCM, 4TO BpeMs OOCIyKABAHUs DACHPEAETeHO IO NoKasa-
TEJILHOMY 3aKOHY, Tak KaK 3TO MO3BOJfeT yIPOCTHThH MaTeMaTHYecKuil annapat.

Vupaxkaeaus

e 1. Oxapakrepuayiite CMO, paboTaionyio B CTAMOHAPHOM PEHKHUME.
o 2. Jloxkazure popmyast (9.4) n (9.5).

e 3. Cucrema ¢ AByMs NpUOOPaMH, MMEIOIIUMHE CPEHION OTMHAKOBYIO IPOU3BOIATE.1b-
HOCTD — J1BE 3asiBKY B MAHYTY, i CPE/IHIOI0 MHTEHCHBHOCTH BXOAHOTO NIOTOKA, PABHYIO
TpeM 3asBKaM B MUHYTY, pafoTact B CTAIMOHAPHOM DEHKUME. N306pa3uTh jiuarpam-
My HHTEHCHBHOCTH MEPeX0ioB W HafiTu COOTBETCTBYIOMME BEPOATHOCTH COCTOSTHUI,
ecM B OYEPENd MOZKET CTOAThL He Dosiee 0JHON 3adBKU. Haiitu BEpOATHOCTH TOTO,
YTO:

a) 3a9BKa HOJYYUT OTKA3,
6) 3agBKe NPHIETCSA CTOATh B 0MEPEIH.
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10. Kiiaccuveckag cmereMa MacCcoBOIoO obCIyKNBaHNA:
M/M]/1

Cravama obpaTamMes K abbpeBraType paccMarpuBaeMol CHCTEMbL.
B obosnauennn CMO wacro nenompsyercs abOpeBraTypa CJaeayIomero BUia;

Byxea / Byxea / Yucao / Yucao.

[lepsas 6yxBsa oboznavaer (PYHKIHIO pacipescaenns 3aaB0K BXOJTHOTO MOTOKA, B YACTHO-
CTH, JIA TIOKABATCABLIOrO pacupeie/ienus ucnognsyercs Oyksa M, Bropas OVKBa — 3aKOH
pacupeaeicius BpeMenu 00CyKUBAHUY OTHON 3asiBKH, neppoe yuea0 obo3HAYACT YHCTO
npubOpPOB B CHCTEME, BTOPOE — 06heM HAKONUTCA. HEKOTOPBIX CJIYHAsiX UCHONB3YIOTCS
CHIE IONOMIHTEILHEIE CHMBOJIB, HAIIPUMED, YHCI0 BXOAHBIX MOTOKOB, 1 T.4. Ciienosareih-
HO, KJACCHIECKasd CHCTEMA -~ 9TO CHCTeMa ¢ HOKA3ATEeIbHbIM BXOAHDIM HOTOKOM, 110Ka3a-
TCHEHLIM BpCMCHECM 06( JYAKHBAITHS 3a9BOK U OJHHAM HpHG(}])l)M dd‘\i@THl\r‘l qTo, II})H BCell
ee upocrore, ona Moxker 6e3 BoaLIIMX HorpenHocTei UPHMEHATHCH JIJIS PACYETA OCHOB-
HBIX XaPAKTEPUCTHK MHOIHX CHCTCM MACCOBOIO 0OCTYKNBAHKS.

Ilycrs B iponiecce pasMHOMKEHUST W rubesin Bee Ak ¥ BCE [4); DABHBI, COOTBETCTBEHIO, \
1 jb. DTOT HPOLECC PASMHOKCHUA U IHben HPEACTABIACT CHCTEMY MAaCCOBOTO 0OC/IYKH-
Banyst ¢ OAHAM 00CIyKUBAIOIMM IPHGOPOM, IYACCOHOBCKUM BXO) JIHBIM TIOTOKOM M 110KA-
3ATEIBHBIM 3AKOHOM PACHPE/IENIeHHs BPEMEHH 0DCTYKHBAHUSA, T.0.:

Ak = A, Aty =1—~e™, :
{ Mk = M, { B(z) =1~¢#=, (10.1)

Aparpammva unrencusnocTn nepexonon BBITVISZTAT CJICAYIONUM 0OpazoM:

; W B:g \r«“"‘ = gl

_./J'..k..,_ _..-— “‘--m.__.._—
]J.

4\

OuesniHo, Cpesuasn JmHA TPOMEKYTKA BPEeMEeHN MerKJy COCeJHMMH TPeboBaHmsMu

paBHa Y CpesHee Bpems 0BCTyKHBAHUA PABHO —, TaK Kak 00e COyuaiubie Bejnuunb
f4
PACIPEIENICHB 1O NOKa3aTeIbHOMY 3aKO0HY.
Pacemorpny dbyskumornposanme cucrems cranuonapuom pexkume. Toraa dhopmynn

(9.1) 1 (9.5) ¢ ygerom (10.1) upuMyr Bu;

1
B T (10.2)

1+k§(£)

X ki
Pe=ps| — - k 2 0. (103)
H
_LJA TOro 4To0BI cucrema M / M / 1 ne HEPENOINATACh, BEPOATHOCTE Po A0JAKHA OBITh
bouIb1Ie oynd, T.e. — < 1, T.€. HHTEHCHBHOCTH MOCTYIIEHUS JIOJKHA ObITH MEHBLIIe M-
Iz

k
TEHCHBHOCTH 0OCTy)KuBanus: A < p. B arom cliyqae paj E ( ) CXOJIMTCA W €10 CyM-
k=1
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A

L “ "
Ma paBHa ; KaK CyMMa IeoMeTpHYeCKON }«'GI)IB&IOT[I_CH nporpeccuyg €O 3HaMeHaTeJleM

A
; I
1
A A
— < 1 n uepsoiM wienom — —. Torga:
7 I
1 A
Py = ———=]—— =1 — ;
Po i\_ 1 P
e
1- 2
H

rie p - KodhDULEEHT UCI0JIb30BAHIS CHCTEMBI, 10 ONPE/IeJICHUIO PABHBIN NPOU3BEICHIIO
HHTEHCUBHOCTH BXOMAHOTO HIOTOKA Ha Cpejiiee Bpemst 0OCJAYKUBAUNSA 3a8BKH, T.c. p = AT,

B HAICM CJydae & = i .
Torpa:
pr=(L-p)pt, k>0, 0<p<l (10.4)
@opmyna (10.4) ykaspiBaer Ha TO, YTO BEPOATHOCTD Pp 3ABHCHT HE OT A H [, & OT HX
1 1
ommowenus. Ha puc. 10 mpusesenst rpadukn py Ja Tpex 3HAYeHHi p: p = Zap =z 3
5
) — =—.
=%
n
P
l~-
5 4
1 67
P=6 4 |
000 8
p=r S g
L ] 32. 26
P76 BT
>< 1/' ;( .
/5 A M !
+ + ; ; o o
0 1 2 3 k
Puc. 10

I3 pucyHKa BUJHO, 4TO, 4eM OJHzKe 3arpy3Ka CHCTEMBI (p) K HYJIO, TeM BePOATHOCTH
paxozx genust B CMO 6o/blero Koam4ecTsa 3asB0K ObicTpee yOLIBAIOT, & IpU p, DJIR3KNX
K C/IMHUIE, ;TOUKH BEPOSTHOCTEH, HApOTHB, paciosiaraores Honee nooro”

Haiiem cpeanee uucio tpebGosamnii B cucreme M /M /1. 910 3naunT, HaiijileM MaTe-
MATHIECKOe OKUAaHue caydainoit semuuunsr K — uucaa TpeboBaHuil, HAXOAAMUXCH B
cucreme (3HaueHns 910i BeTuduHbl 0603HAMMM Uepes k):

o0 oo k di[)k
N = Zm—zkl p)pt = (=p)p D ko™ = (1=p)p ZTZ s
k=0 . |

d 1 ; 1 P
pl

Hrak:
N=—. (10.5)



Ws06pasum rpaduk MaTeMaTHYeCKOTO O/KIAANNI YUCIa 3a9B0K Kak (DYHKIIH 0T p:
\- A

Pue. 11

W3 rpaduka BugHO, 4T0 NPH yBeJANYeHHd KOXpDuImues a Nenob30Banns pacTer cpejuee
YHCI0 3a9BOK B CHCTEME, M, 1eM OJHzKe p K enuHune, reM Opicrpee pacrer N.

PacemorpuM caeyonyio Bazxuyno xapakrepucruky CMO ~ ducnepeuro nucaa 3a460%
@ cucmeme. Tlo onpenenenuio D(K) = M[(K — M(K))?], suaunt, B HAlIeM claydae:

o0 [+ ¥

DI = Z(&*N Dp = ZL P~ ZLA*\[)k Li\ pr = (1— p)Zkzpk—Qpr kpt+

._'[] fo= ﬂ k=0 k=0

; = A

+I%Lp (Tisg p}_{f]‘)‘pk -1 ZpL?»ﬂ Cop e LN =(1-ppY =k /p’” tdp—
P =P i

2

-'O p ng p2 d p
-2 a J"' - jhiLL P S WL R
’0(1_{))3+1—I(JJ H_‘U :O Z p + v J)z ( p)p / . 2

: C(1-, L+p = ,02 :,0-+-,u S P o
- P R G P

Wrax:

D) = ot (10.6)

N3zobpazum rpadguk gucnepcuan Gucaa 3as4BOK B CHCTEME Kak (DYHKIMK 0T p:

D

it

— b B0 O D

1

Puec. 12

Taxkum obpasom, vem Oinrke p K HYJ/I0, TeM MeHbIIE OTIMYAeTCd 3Hadenue CaydalHol
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BenudauHbl K — KOJMYECTBO 3ad4BOK B CHCTEMe — OT ee CpEeAHEero 3Ha4eHusd (oueBuaLO,
CPABHUTEJIBHO HEOOIBLIIOrO 10 BeJIMUMEE ), M HA000pOT, KOTIA 0 OJM3KO K eJIHHHIIE, pacce-
SHHe OTHOCHTENLHO CPEHEro 3HadeHus cayyuaiiHol sesmyumnn K ObICTPO BO3pAcTaeT.
Jlasee PACCMOTPHM MATMEMAMUHECKOE 0XCUIAHUE BPEMEHU npeboeanus 3adBK B CH-
creme M/M /1. Tlo dopmyae Jinrraa: N = T'A, snaunt:
1
T1 = p . ﬂ'
(1—-p)A 1-=p

[TocTpoum TpadHK CPeIHEro BpemMenn npebblBaHus 3adBKH B CHCTEME KaK GYHKIMIO

oT p:

=

Puc. 13

Uz rpaduka BUAHO, 9TO IpH p, ODJM3KOM K HYJIO, 3asBKa NPAKTHICCKN HE CTOMT B OHe-
) P )
pejy, a 00CIyKUBAETCs Cpa3y, H Cpe/iHee BpeMs €¢ npeObLIBAHMSA B CHCTEME TPAKTHYeCKN

1,
coBllajaeT CO CpEﬂHHM B])el\-'I[".II(‘,I\d ee OGCJJ._Y}KHBB.IIHH o C)'J."O XOPOHIo ('.or‘.na.cye*rcﬂ &

npakTHKoi. leficTBATeNbHO, eCiIl 3a8BOK HOCTYTIAET MaJo, & 06CIyKABAIOTCA OHI OYCHD
OBICTPO, TO NPAKTHYCCKH Kazk/las 3adBKa Cpasy nier Ha npubop W HAXOAMTCH B cHCTEMe
CTOJILKO BPEMEHH, CKOJILKO OHa 00CIIY KUBAETCH.

[paduky 10Ka3pBaIOT, 1TO IPU P, OAN3KIX K eIUHULEe, CPeJHee YAC/I0o 3as1BOK B CH-
cTeMe i cpefpee BpeMs npebbpBaHis B CHCTCMC HEOTPAHUYEHHO BOSPACTAKOT.

1
3 nosnydyennoit popmynnt aas L' JIerko YBUICTD, 4TO T = — Orcioa MOKHO
N -
oy 4uTh GOPMYIY st BEIYMC/ICHUSA CPEAHEro BPeMEHn OYKHIAHHUS 3aABKU B CACTEME:
1 1 1
W=Tw=—= - —.
woop—=A

Haifiem CpeaHion JIMEY 04epeiy, TOCMOTPEeB Ha 04epedb KaK Ha OTACTbHY 1o CMO u
MCIONB3YA AJIsl ee Bhlauc/enus dpopmyiry JlnrTia:
1 1) Y ks AN pA pA P

AW =2 —— ==
A(ﬂ—k p

= = - = = w ==l
p(p—A)  plp=A)  p—A ”“‘ﬁ) =g

()'-IE‘JBH,HJ.I().J qTO LpH 0, CTPeMAIUMCH K e aAne, o4depeib HeorpaHuvdeHHo pacTeT.
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ITpunmep.
Vimeercs cucrema M/M /1, npuaem A = 2, pu = 3.

e a) Haitru Beposiruocrs Toro, uro B ovepean Oyjer Goablre IBYX 3asdBOK:

oG 4
: P 4 _ 16
=1l =p)——=p' = —.
;4 Pe = ( .0)1 e ik

¢ 6) IaiiTu BeposTHOCTL TOTO, Y4TO B Ovepe/IN POBHO 1M 3A9BOK:

RIS W S
Pmt1 = (1= p)p™* = 5 8l

o

e 1) Haiiru BeposTHOCTE TOTO, YT0 3asBKe HE NMPUIETCH KAATh:

1
‘Puzl—ﬁ:g-

Yupaxxuenns

e 1. OxapakrepusyiiTe CHCTEMY MACCOBOTO obcmyausarns M/M/1, nzo6pazure nua-
IpamMMy MHTEHCHBHOCTH LEPEXOI0B U BLUIMIIATE (BOPMYIIb A BEPOSTHOCTEH Py 1
Py, Korga k > 1.

* 2. Joxaxure dpopmyast (10.5) u (10.6).

¢ 3. Mmeerca cucrema M/M/1, upuem X = 1,5 = 3. Haitpure cpenpee Bpems mpe-
ObIBaHUS 3a9BKNM B CHCTEMe, CPEIHIOn JUIMHY ouepean. Kax mamensites naiijennnie
SHAYCHMSA, CIH HITCHCUBIOCTh BXOMHOLO NOTOKA HOJOAKUTL PABHOM By M?

11. Cucrema M/M /oo

Cucremy M/M /oo moxno paccMaTpuBarThb KaK CHCTEMY, B KOTOPOIl nMeeTcst HeckoHey-
HOE 4NCa0 MTPUOOPOB U LISl KA J0H nocTynuBLIell 3a8BKU Cpasy e Haiigercs npubop, ee
0DCIYKABAIOMMIL; ¢ APYTOR CTOPOHDI, €6 MOAHO HCTOMKOBL BATH KaK TaKyIo, B KOTOpOIi
npubop HemeYIenno o6y K uBaeT 3aABKY, T.€. MHT€HCHUBHOCTh ODCIY KUBAHUS JTUHEHHO
pacTer ¢ POCTOM YHCIA NOCTYHAIOMIMX 3a%BOK. l\/I(J)KIIO TONMKHTE:

)\k:)\, k:U,LQ,...
iy == kil h=a:2

uarpamma MHTEHCUBHOCTEH TTEPEXOI0B UMeeT BUJ;

A A A . A A
. e —— i —— --\‘\‘ e L, e e 1 it =
\"K-._,_‘___‘_d_ __,«)h' ""-\-\_______,_,_—"’/I .+ @ "‘\«._____ Lk "'4‘«,,.__ -{\ ._..r-) APty _'_-’_/ . s »
L 2u {(x-1)p KL tm (k+2)t

Haxosich B yeaoBusix cranmonapioro PEXKHUMA, B ClIyHae Halleil CHCTeMbI JIIs BBIPa-
KeHUs! Py HOJIY9aeM CIeayiouyo hopmyiny:

k—1 k
A A 1
Pk = Po Lol _(;T]]Tt; = Do (“) g
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Toraa:

A
1 1 T
PR L= =e K, (11.1)
L 2
1+Z;{T (_) el
k=1
/\
5 Ui
= — | — H 11.2
Pe =7 (”) € (11.2)

Cej10BATETBHO, YHCIO 3aaB0K B cucreme M /M /oo onucpisaerca pacupesenenuenm [Tyac-
COHA.
Haiinem maTeMarriecKoe OXKUJaHHEe H JIMCTIEPCHIO YHC/Ia 3adBOK B CHCTEME!

k. A
N=2, DK)=23,
p o
- . (M)* At
Tak Kak B cayuae pacnpegesenus Ilyaccona, sagannoro ¢popmy.ioi p(t) = Te 2

yKazaHHble XapakrepucTuku pasapr Al. Torja cpejnee Bpems npeObIBaHNs 3a8BKH B CH-
cTeMe PaBHO:

710 BHIpAXKEHHE s CPeIHero BpeMeHM lIpeOpiBaHus 3adBKH B CHCTEME €CTeCTBEHHO,
MOCKOTBKY 3asBKa He YKAeT Havaja 00C/yKUBaHUsL, I03TOMY 1 CDC/IHEe BpeMsl ee npedbl-
BAHEA PABHO CpeaHeMy BpeMeHn 0DCiyKHBaHus OJIHOM 3aABKH.

Ilpumep.

H}’C’Iﬁb Ha HCKOTOPYIO CTaHL O i\i(),[LHTIHHCKOﬁ CKOpOﬁ TTOMOIIH 1‘10(:'1‘3'1111&01“ 34 4Yac B
CpeIeM JIBa BBI30BA, IPHYEM IOTOK BHI30OBOB — MYACCOHOBCKHIA. Bygem cumtaTh, uTO
1oc.e HO.I]VV‘i(‘-I'iI/IH BLI30OBA CTaHIIMg HEMEeITCHIIO BhICBLIAET szma GOJIL:II(}N[}', a BPeMH,
3aTPAaMIBAEMOE Ha OKA3aHUe MOMOIIM M A0pOry B 00a KOHIE, UMEeT MOKa3aTelbHOe pac-
npejeenre ¢ MaTeMaTHIeCKAM OxuganneM — 1,5 daca. Cocrognne CMO onpejengercs
KOJMYECTBOM Bpaveil, HaXOAAUMXCH Ha 00CHyAKUBAHAH (Bkatovaa popory). Haiitu Bepo-
STHOCTH TOTO, 4TO XOTs OBl OJMH BPAY HAXOMUTCH Ha 00C/Iy KUBALKH, JaTh PEKOMEH/IaIun
OTHOCUTCJILHO KOJIHYeCTBa ﬁpaqcﬁ.

Tlo ycnosuio 3aja4uu, paboTy CTAHTIMA CKOPOil MOMONIH MOZKHO HHTEPIPETHPOBATH KaK

cucremy M/MJoo, mpudem A = 2, — = 1,5. P — BEPOATHOCTH TOTO, ITO HA obCTy 2Ku-
7
1 s =~
BAHWH B YCTAHOBMBIIEMCS PEsKNMe HaxogdTcs k Bpadeil, mpauem py = ] (_) e H,rne
Cl A\ 1
A .
k> 0. Tak xak — = 2- 1,5 = 3, To u3 bopmyst (11.2):
7l
1
; k=3
Pr = 1y37€
Orcroaa:
Po P P2 Ps Pa Ps Pe P7 Ps
| 0,05 0,149 0,224 0,224 0,168 0,101 0,05 0,022 0,008
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[onarmo Torpa, yro nanGojee BEPOSTHHIMH SABISIOTCH COCTOAHUA, KOTJA 3aHAThl OJIHO-
BpeMeHHo 2 uan 3 Bpaya.
Bepoarnocrs Toro, wro xors 6b1 0 Bpay HaXo U TCs Ha 00CILY K ABAHUH, paBpa

1—pp=1—0,05=0,95.

Eecan npu Tofi e cpesnedi TPOJOIZKATCNILHOCTH 06CIYKUBANNA B €QUHUIY BPEMEHN
B CpeaneM nmocrynaer 1 BBI30B, TO H0JYYaloTCs CIeAYIONe 3HAYCHUS Py

[ P:)“_] P P2 ) P3 P4 Ps J
1 0,223 [ 0,335 0,251 0,126 [ 0,047 0,014J

Ipu panmex yeroBnsgx naunbosiee BepOSTHBIM SIBASOTCH COCTOSHUE, KOIjla 3aHAT TOJBKO
opun Bpay. BeposrHocrs Toro, 4To 3apaT XoTs Gbl 011H Bpad, pasaa 0,777.

Yupaxkueans
o 1. Jloxkazure dbopmyny (11.2).

e 2. [lpuseanre upumep CMO M/M /.

12. Cucrema M/M/n

Pacemorpum cucremy, bynkimo HUPYTIONLYIO B CTALMOHAPHOM PEKUME, HMEIOILY IO Iyac-
COHOBCKMI BXOTHON NMOTOK €O cpeliieil MHTEHCHBHOCTBIO A | HEOTPAHWYEHHEIH 00beM Ha-
Konntesst (umny ouepein) ¥ n IpubOPoB ¢ OIUHAKOBOR cpegHeil mpou3BOInTE/bLHOCTBIO,
pasHoii u. Torna:

Ap A, k>0,
i = Kk lskan
My = Ny, k> n.

Auarpavma HHTEHCHBHOCTH 1EPEXOTOB HMCET BUJL:

2 3 A

i o I, N (’“w
\Q}i\-—h._.___}l{\.__;—/ 4§ PH”)EM\_# s ;/n”r P e

H 21 (n Du nu N np
Hafimem pacrpenenenne uncia 3asgBoK B cueTeMe. [TockombKy pexxum paboThl CHCTEMB
k-1
Ai

— CTAUOHAPHBIIL, TO Py = py H ;
i=o Fit1

o Gl
?}\—p“k] T T A-’<'n’,

n—1 A b1 A\ 1 A\ n 1 2 k=1—(n—1)

Torna:




_ A
OboznaunMm: — p. DT0 ecTh OTHOUICHHE CDeHero Yucyia 3asBOK, IOCTYIANAX
LiL

B CIMHHUILY BpeMEHnH, K HHCJY 3adBOK, KOTODbLIE MOFKET {)G(Z.TI}J'H(HTb cucreMa 3a eIHHHILY
BpEMEeHN TIPH YCJIOBUU HENpepsiBHOM paboTsl Beex n npubopos, T.e. p Ko3apunmuent
MCIMOJOL30BaAHEA CHCTCMDI.

Toruna pr HMEIOT CJCAYIONUH BHIL:

nk .

Pr = Po E,O st k< n,
n'"

Pk = Do ) ,Ok ansg k > n.

Tlasiee naiinem py, yIATHIBAS, UTO J1J1s1 CTAIMOHAPHOTO DKM ClipaBelinBa Hopmyia:

1
Po= 0o k-
k=1 i=0 it
Tormna:
n-—1 k oG ,nﬂpk = n—l (ﬂp)k n" =1
o ! T 7-1-1 n+2 =
po= |1+ & +Z o = 1+§: il +;1—!(,o + "4 L) =
k=1 k=n i k=1
n—1 i n—1
~ (n ' p n np)"
- [REEIE | - R
k=0 k=0 ' P

3aMeTuM, 4T0 ecaIH p > 1, To B JaHHBIX BBIYHCJIEHHAX OECKOHeTHO yObIBAOIEel reomer-
o0

[)M‘-IGCKOﬁ IpOTpeccuH e BO3HHUKACT, T.e. Pl E ,Ok pacxonurced, 1 3Ha4AT BEPOATHOCTH

k=n
TOTO, 410 B CHCTeMe HeT HH OOHOr0 T})(!GOB&.H.HH, paBHa HYJIH0, HO TOIda 6}’)‘[(ET paBHa HY-

JII0 ¥ BEPOSTHOCTH TOrO, 9TO B CHCTEMe MMeeTcs (PUKCMPOBAINOE KOHETHOe (HO Jrioboe)
YHCIO 3as8BOK. B TAKOM Caydae JIMHA OYepeid CTaHOBUTCH DeCKOHeUHO — cucrema He
cipasisiercs ¢ obcayzxupanneM. CiiegoBaTesbio, HaI0 NPHHATE, YTO p < 1, MHTEHCUB-
HOCTH A BXOZHOTO IOTOKA JOCTATOYHO MAJA 10 CPABHEHUIO ¢ BeJAMHMHOH 1y — oOuiei
TIPOM3BOAMTEILHOCTLIO BCEH CHCTEMBI, KoTaa paboTatoT Bee 7 npubopos.

PacecMOTpHM BEpOATHOCTH TOTO, YTO NOCTYTIHBINAS B CUCTEMY 3asBKa OKaXKCTCA B Oe-
pejin. DTO eCTh BEPOSITHOCTH TOrO, 4TO B CHCTEMEe UMEEeTCs He MeHee 71 3asiBOK, M Bepo-
ATHOCTH TOTO, Y4TO BCE IPUOOPHI 3aHSAThHL:

(np)" 1
n -k
nep n 1-—
™= Zpk = ZPD Ea Z n—1 k i - n-—1 1&' - n
52 ot o) (o), _(up)
k' nl(l - p) k! n!(1 - p)

k=0 k=0

D1y GopMmyiIy HCHOMBL3YIOT B TenedOHNH, OHA ONpeJe/der BePOATHOCTE TOTO, YTO NOCTY-
Maouil Ha n JUHA BLI30B He 3acTaHeT HH OJIHOIT cBOBOAION JIMHUH.

BHIMHCIMM Pas/IMuHbIe CPEJHHE XAPAKTEePUCTHKH PacCMaTpuBaeMoit CMO, koropsie
i equHooGpasua 6yjem obosnavars depes M.

Iycrs R — jjmHa ouepejy, 7 — 3HAUEHHE ITOH CaydallHOH BeNHIUHBI, TOrIA 1epes M,
obosmauum M(R). Ecim r — umucio 3asiBOK B O4€pe/iu, TO:
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U; €CIH THCJO0 3a4BOK B CHCTEME MEHDLIIe HJIN paBHO T,
a1
k — .,  eCiH YHCII0 3adBOK B CUCTEMe GOHBIHC n.

Torna: )
M, = Z Potr = Z T?)O& = P L r ;U 3 pnPZ ":") TF Pn,U"‘_ Z ,0
r=1 r=1 b o= e

ff(ﬂ_)_g 2
PP \1=p) T A

Orciona BUAHO, YTO KOIJa p > 1, 10 JJIMHA OYePeH PACTET 10 GECKOHEYHOCTH, eC/u
3arpysKa CUCTEMDI p OJIM3Ka K CUHAIe, TO Majeiiiee YBeJuueHne 3arpy3Ku IPHBOUT K
04CHBb OBICTPOMY BO3PACTANNIO OYEPEIH.

Ilpumep.
Ecimm n =1, To py = (1 — p)p, Tax kax p; = pop, a pp = 1 — p. Torua:
2
My =
i~p

; 4 ) 1
. __(2p)? 1-p leppils
Ecmn=2r0p;=|14+2p+ —~— 2= — py = ——2p°. Torna:

» TO Po P 51— p) i 5 P2 Tt P I,

1~ P 2p
My 9 Bo il
: I+p 4 (1-p2 1-p?

Ilpuseaem rabiuiy u3MeHeHHs CpeHet JUTHHbE OUEepel B 3aBUCHMOCTH OT 3aIrPy3KH
CHCTEMBI:

~P| o5 0,6 0,7 0,8 0,9 0,95 |
1 05 | 09 1,63 32 8,1 18,05
2 | 033 | 0675 | 1,345 | 2844 | 7674 | 17,587

Cpesnas giaupa ovepenu ouenb ObICTPO BO3PACTACT, KOTMA 3arpy3Ka OJAM3KA K eau-
HALE. YBEJIMYEHHE YHcia NPUOOPOB yMEHBIIACT CPEJHIOK JJIHHY O4Yepeid IIPH MaJbLIX
3HAYCHIAX KOapdUImenTa uenopb30Batus, ¢ poCTOM 3arpy3Ki 9T0T OTHOCHTEILHBIH Bbi-
HI'PBIL BBICTPO yOBIBACT.

Obosznaunm: My — cpeance unciio 3asiBoK, HAXOJSANIMXCA B cHCTeMe (B Ouepejn H Ha
00CIIy ZKMBAHUU ), TOTJIA,:

n—1 b 00
n" (np) Hey)
M, = LA;U& e pnzﬂ P' + GZ'I' J“ = pnz (k11 ‘f'iii'-rlzkf)FL he=
2 k=1 k=n
gy T g
=Po Z m + Pn L(” +12)pi = po E": =] + Pn Z np -+ pn z ;=
}f'.'_ 1 i=0 k=1 i=0 p={)
- (mp)f  pun P

AU LS ) M P (s

Haitjiem M3z — cpeinee uuciio cBoGOHBIX OT 0OCAYKUBAHNA HPUOOPOB:
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g

k

n—1 71 -=

ke n—1
M; = Z(n — k)pk = Z(ﬂ — k)po (n;) = Po ;(” — k) (ﬂf‘)
=0

k=0 k=0

HaiieMm cpejmee BpeMs OKHAHUS B 04epein, PACCMATpHBAd 09epelh KaK OTAS/IBHYIO
CHCTEMY MACCOBOTO 00CIyKUBAINA B BOCHOJIB30BABIINCH dopmyaoit Jlurtna, rorma:

V. — M, (np)"p P B A o
Me="T=Pa—pea ™ "(1=pXA  nu(l-pA - A

Orcioga BugHO, 9T0 My 1POIOPIMOHATBHO BEPOATHOCTH TOI'O, MTO BCE npubOPLl 3aHATHI,
W TPOIOPLMOHAILHO CPEJHEMY BPeMEHN ODCIyXKUBALAS —.

VyuThiBad MOCAEIHNI TOJYHeHHBIH Pe3yIbrar, MOXKHO HalTh Ms — cpensee Bpems
IlpeﬁblBHJHﬂH 3a9BKH B CHCTEME!
T 1

1
ﬁfb —= "144 4+ —= -,
g omp—A

[Ipnmep.

B macrepckoil 1o peMOHTY 4acoB eCThb 1 MacTepoB, paBoTAIOIIKX € ONMHAKOBON IIPOU3-
BOJMTENBHOCTBIO. B TeUCHHe CeMIYacOBOI0 paboyero JHs OT HACCIeHUA B CPEJIIEM HOCTY-
maer Ha pemonT 30 4acOB, NPHYEM Kaz/iblil MacTep 3a OJIHH paboYuil 1eHb PeMOHTHPYET
B cpeanem 10 gacoB. paccMaTpuBaeMblil MOTOK rpeGoBanuii GyjemM CUUTATh MyacCOHOB-
ckiM ¢ mapamerpoM A = 30. Bpems pemMOHTa HOJABIAIOMEH HacTH HaCOB HEBETUKO. B
KAITMTAJIBHOM PEMOHTE YaChl HYZKJAI0TCsSl CPABHUTCIILHO PEIKO, T.C. NPEANOIaraeres, 1o
o6c/ 1y KHBAIKMe MOAYMHACTCs MOKA3aTeJbHOMY 3aKOHY C MapaMerpoM p = 10 mryK B pa-
Gounit nenb. [TpoanannsnpoBarh paboTy MacIEpCKolf ¢ TOYKH 3PEHHd TCOPHH MaCCOBOTO
0DCILY KN BAHU.

$1cHO, UTO B MACTEPCKOM JOMKHO 6uITh, 10 Kpaiireit mepe, 4 MacTepa, TaK KaK J017KHO
BLIIOJHATBLCH: P = ﬂ < 1, 3pauur, 1 > 3.

107
[Tycrs paboraior 4 MacTepa, TOTAA BEPOATHOCTE TOTO, YTO BCE OHI HE 3aHATHL B MOMCHT

TMOCTVILIEHUA OYepeanblX JaCc0oB, paBHA:

-1

32 33 34
- of T3 T A3 i
4
1IpA TIOACYETE MBI YYHTHIBAIM, YTO p = 3. Takum 06pasoM, B TeUEHAE COMHTACOBOIO

pabouero aus B cpeasem 0,038 -7 60 ~ 15,96 munyT Bee 4 macTepa ¢BODODI.
Hai:I,LLEM BEPOATHOCTD TOT'O, 4TO BCE 4 MacTepa 3aHATHL B MOMEHT HOCTYTLITeHUHA 3adABKH!

0,038-3* |
m = Zr—(l—_“‘%*—)' ~= 0,01?

T.€. HOJIOBHAIY paﬁoqero JIHA BCE MacTepa 3aHATE OJHOBPEeMEHHO.
Boeraucimum cpeanee BpeMd QT TAITHSL
0,51

Mi= =30

= 0,051,

4TO COCTABJSAET IIPUMEPHO 21 MUHYTY.
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3%.0,038

i ~ 0,13, naiijem cpejiee YueIo 3a4B0OK B OUepeH:

VaurniBasg, 94To py =

. - 0,13
ﬁ-f‘[ - L_ = 1, 56.

PR
i(1-3)

Beraucnnm Cpennee YHCJ0 IKIeMILISAPOn HacoB, OXKIIAIUX peMoaTa 1 PEMOHTHDYE-
MbIX:

32 3 0,13-4
1 21 Lo &

Cpeitiee 4HCI0 MACTCPOB, CBOGOAULIX 0T paBOTH, PABHO:

4-0 . 4-1 da B gk
—l-—-1+—-~-3—'--—-'52+—4—-3-5):1,007,

rd=

1.6, KazKJIblit MacTep cBoboeH B CpefiHeM O/iHY UeTBeprh pabodero spemenn, T.e. 1,75 uaca
B JICHD.

Eemn n =5, 10 pg = 0,047, 7 = 0,24, My = 0,012 (~ 5Smunyr), M; = 0,36, M, =
3,87, My = 2.

Onmumanbroe uncio Macrepon pasno 4. Ecau n < 4, 10 9MCHO HeHCIPABHBIX Ya-
COB, OJKMJIAIOIIMX PEMOHTA, BO3PACTACT, i MACTEPCKAs HE CIPABAACTCS ¢ pemonTom. Ecim
7= O, TO BLIATPBII, HOIYYACMbI KJMEHTAMM, HECYIECTBCHCH, 110 CPABHCHUIO ¢ SKOHOMH-
HECKUMHM 3aTPATAMHU, CEAZAHHLIMU ¢ IPHBICICHHCM JONOJHUTENLHBIX MACTEPOB: CPEIICe
BpeMs OKHAANUA PEMONTa YMEHLIIUTLCH ¢ 21 10 5 MUHYT, HO 910 He JIACT HpeuMyIe-

60

7
CTBa KJIMEHTaM, Tak KakK PEMOHT OJHUX YaCOB B CPeAHeM JIHTCs 657 il 42 MunyThH
H, CJIeJIOBATCILHO, MPOU3BOIUTCA He B MPUCYTCTBUN KJiueHTa. Bumecre ¢ Tem, npu n = 5
TOALKO 24% pabouero BpeMenu Bee MacTepa HodHOCTbIO 3aI'PYZKCHBI, IIPAYCM, B CPEJIHEM,
2 Macrepa Bce BpeMsi ¢BoDOJIHDI.

VYnpaykuenust

e 1. Bomucars cucremy anreOpaniecKux ypapHeHuii A/ia BEPOATHOCTEH Py CHCTEMEI

M/M/n.

e 2. CMO ¢ rpems npubopamu u HeorpaHH9erHoOit ouepeipio paboTaer B CTALMOHAPHOM
pexume. Bxognoit noTox — nyaccoHoBcKuit co cpejueit HHTEHCHBHOCTHK), paBHOI
MATH 3asiBKaM B yac. OpejiHsd MHTeHCHBHOCTL OOCAY/KMBAHUSA PABHA TPEM 3aABKAM
B qac. Hairn cpejnion minny ovepeiu, cpeinee BpeMs OKUIAHMA, BEPOATHOCTD
TOI'O, YTO B CUCTEME HeT 04epein.

e 3. CMO ¢ aByma npubopamu, MMEOMIMHU OANHAKOBYIO CPEUHION MPOU3BOIHTE -
HOCTh, PABHYIO JIBYM 3aABKaM B MUHYTY, paboTaeT B cTanumoHapuoM pexknve. Oue-
pellb HEOI'DaHMICHA, MHTEHCUBHOCTH BXOJHOI'O IIOTOKA paBHa TPeM 3adBKAM B MU-
Hyry. Halitu cpenee uncso 3aHATHX npubOPOB, CpejiHee UHCH0 3a0B0K B cucTeme,
BEPOATHOCTL TOT'O, 4TO 3a4BKC He HpyuaeTcs CrodaTn B ovepenn, cpejHee BpeMd OXKH-
AaHid Havalra L')GC.TI}’)I{MBE].HI'I}I.
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13. Cucrema M/M/1/V

I[Tycrs CMO Taxosa, 410 06beM HAKOTATE/A B Hef He IpeBblliaeT V' — 1 3asBku, T.€.
MAKCHMATBHOE THCIO 3asBOK, KOTOPHIC MOTYT OHITH B cHeTeMe, papio V (ojiHa 3a4BKa Ha
npubope). Ecau B cucreMe yxe ecrb V' 3asBOK, TO joboe caepyionee TpeboBanue noJy-
waeT OTKA3 M NOKHuaer cucrteMy HeobeayzeHHbIM. Ecam Vo= 1, 10 cucremy nasmbiBaior
cucmemoti ¢ yoanrenuem sabaokuposarnmnr 6wsosos. [loctyiienne 3asgB0K TPOUCXOAUT 11O
saxony [lyaccona.

D10 CHETEMA MOYKET GBITH OMUCAHA ¢ TIOMOUIBIO 11ponecca ruben U pasMHOMKEHHs .

Ha Bpemsd, Korga B cncreMe umerores V' 3as1BOK, Oy/eM MepeKpbiBaTh BXOJHONA MOTOK,

/\k:{/\, k<V,

T.€. 1OJOKNM:
0, k >V,
i =, k= L2

Torna guarpaMMma HHTEHCHBHOCTEH — CJeAyolas KoHeTHasd Lerb:

3 A i A

& w7 T W

= . e N &
K B H m

Juddepennnansias cucTeMa TPeBpaTnTCs (B yCAOBHSAX CTALMOHAPHOTO PEAKUMA) B
aJrebpanvIecKyo:
4

03_Ap0+#p1! kZO,

1 0 = App—1 — 1Px, k=1V,
.
Sn=t
\ k=0

g Beex k > V soimonusercs: py = 0.
Haifinem py upn k < V:

k—
: A A\
Pr=Pol) =P |~
0 i+1 H
Toraa:
A MY \
v & ) e -1 1 - =
: o l o 1 )\ - l i fJ. Iu’ - p-}
Po = V okl - +Z ;; i G ; X T A
591 el ~ - 5]
) f 1
Jm1 G0 FiT /
v k
A ; .
MpH ojcYeTe yuuTeBajcs ToT Gakr, 4To Z —) ~ cymMa V' 4iIeHOB reoOMeTpHIECKOH
i
k=1
Tlp()TpCCCHH.



Urak, aast py nmees:

1— )E \ k
7 / ;
sepmmll =) L Qe heal YA
Py = E i V41 (,u) : =R
1
0, k> V.

A enerempl ¢ ypanenuem 3a00KHPOBAHIBIX BBI30BOB, T.¢. CHCTEMbl, B KOTOPOii OT-
CYTCTBYCT O4€pelb, N 3a5BKa, IPUILEIIasd B CHCTeMY M 00HADY KHBIIAST IPUOOP 3aHATHIM,
HokpgacT cucremy 6e3 o0C/Ly KUBAHM, UMEEM:

( 5 1 i
¥ 0 — —
A Pl
L Bk
[
?)k:J p:__)(__{_: A
1 1 :‘: A+ p
L
0, ecmu k > 1.

Pacemorpum Teneps ciucremy ¢ yaanenneM 3abJ0KHPOBAHHBIX BbI3OBOB He PN yeTaHo-
BUBITEMCS] TpoLecce 00CIy KMBAHES, KOTAA MOCIE MOMEHTA BKIIOUCHUS CHCTEMBI TTPOILIO
Jocrarotno mMuoro spemenn. Torga puddepennpanbran cucrema ypassennit 6y1eT Bbi-
WIS ICTh CleIyIomuM obpazom:

?’0’( ) = —Apo(t )+,UP1( bl
}U; = )\Pn ) quUI
}On(f +P1( ) =1,

DTa CHCTEMA JHHEHHO 3aBHCHMA, M JOCTATOYHO PACCMOTPETH, HAIl PUMED, TOJLKO MepBoe
n Tperpe ypasuenus. ITonyuaem:

po'(t) = = Apo(t) + p(1 — po(t)),
Po' () + (A + pw)po(t) — =0,
254 1 ! :
pold) =e—ATmt |, A+u)t ] — _# —(A+ p)t
po(l) = ¢ S + C o + Ce

Bynem cunrars, 9T0 B HAYAABLHBI MOMCHT BpeMEHH cHCTeMa ObLIa nycra, T.e. po(0) =
=1, Torj1a UMeeM:
e ~
T e
A
a /\ +- !UJj

zZ A —~(A+ p)t
1) = g .
po(t) TR e . (13.1)

pi(t) = ATOREA (13.2)




Ecii HauagbHble VCIOBHS M3MeHuM, Hampumep, BogbMeM po(0) = 0, T.e. B MOMEHT
BKJIIOYEHHS CHCTeMbl B Hell HAXOAW/IACh 3asBKA, TO HMCCM:

U= 3t

C = ﬁ‘ﬂ
po(t) = 3 i 5% fi 'u(_’,—(/\ +p)t (13.3)
pu(t) = /\iy +X%ﬂc_()‘+'“)"’. (13.4)

U3 dopmyr (13.1) - (13.4) caepyer, 9To npu ¢ — 00 CYIECTBYIOT OAMHAKOBLIC I

oboux caydaen 1npeaeib:

B oo 1
Pu:::*_—;— 1+p:~
A P
pl_)\—i-lu_l—kp'

D1n npejenbibie 3Ha4eHud TIOAYHaI0TCH HPH J00OLIX HAYAJIBLHBIX YCJIOBHAX, T.€. CTa-
LyoHapHsele BEPOATHOCTH He 3ABHCST OT HAYAJILHOI'O COCTOAHWA CHCTEMBI.

VipakaeHue

e [IposepuTh, Gy1yT Ji1 CTALHOHAPHLIC BEPOATHOCTH Po, P1. P2 3ABACETL OT HAYAILHOTO
cocrosmusa cucremsr M/M[1/2.

14. Cucrema M/M/n ¢ n obcayxuparomumu npubopa-
MM U C TIOTepdaMu

[lo-mpesKiieMy PaccMaTpUBaeM CHCTEMY C yJaJienueM 3a0/10KMPOBAHHBIX BBI30BOB, HO
¢ n npubopaMi, T.e., eciiy TpeboBanue NOCTynaer b TOT MOMEHT, KOPJia BCe npubOPLI 3aHd-
TBI, TO OHO HOKHAAET cucreMy 6e3 obciyKupanus (Tepaercs). Torapa umeeM cieyoNyo
JuarpamMmy HHTECHCUBHOCTH TIEPeXOUOB!

A A A A
C o 0 T h 9
h _/L,/ “s " Vu_
L 21 (n—1)u np
B namem ciydae:
Ak = A, L
Ap = U, k = n,
Lo, = K it 1<k<n

DopMyJIBL 119 BEPOATHOCTEH Py MMEIOT BUJL

k-1 k
Ai 1 /A
m:pog =Pogy (;) ,  k<n, (14.1)

i1
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pr =0, k.= 1

T

k ~1
A il :
Po = Z (_) PR Gl
k=0 o

M

Ha Bestnanibl pp MOXKHO CMOTPETh KaK Ha BEPOATHOCTH TOLO, YTO 3AHATH k npnbopos,
a MOZKHO — KaK Ha OTHOINCHME JJIMHBI IPOMEXKYTKa BpeMelu, Koria 3auaThl k npubopos,
KO BCEMY PACCMATPHBACMOMY OTPC3KY BPEMEHH, T.¢ KaK Ha 0010 BPEMCHH, KOTIa 3aHd-
el k npuGopos. Torja py — OTHOCHTENBHAS TANTEABHOCTD IPOMEXKYTKA BPEMCHHU, KOTZIa
cBObOIILT BCe MPUBOPHI, & P, — OTHOCHTEILHAN IJIHTENbHOCTD BpEMEIHN 3aHATOCTH BCEX
n npubopos. Ho 1axk xak IpH 910M BHOBL NOCTYHNAIOULHE B CHCI ‘MY BAABKH NOJYyHAKOT
OTKa3, TO Py, — 3TO TAKKE BEPOATHOCTDL MOTEPH 3AsIBKH.

il
I

HockoabKyY jJlake HPH MAJIOM 3HAYCHIH — BeJAMUHHA Pr = e BTN AAOT

i “’Z (N) K

HYJ/I5, TO Jaze 1npu MAJIOM 3al'DY3Ke HMCCTC BePOATHOCT L ll()’l‘(_‘.pH jclﬂBKH H3-3a 3aHATOCTH
BCCX III)HG()[)OB.

) A
C Jipyroit cToponnl, HOCKOJIBbKY AazKe IpH 3HAYCHAAX —, DVIMBKEX K €JIHATE, BeJIHYINHA
14

Po OLIMYHA OT Mylld, TO BCEIJA UMEIOTCS TTPOMEXKYTKH BPeMeHH, KOIJa BCEe MpubopsI
CcBODOJHEL.
Haiijiem MaTeMaTnyeckoe OKMIAHUC THCIA 3AISTHIX 1pubopos:

A

A ki k-1 .
) g () e
x‘.’f-—Z!p,g ka ot ——L;u Z!’k 1—— Pr = —(1 — py,).
fe=0

k=0

\':'.-“

=]
e
=~

Mpumep 1.

X
Ilycrs m = 1,2,4,6. [lyere — = 1,5, te. NyCTh B CpedieM Kaxkauri npubop oauHa-
g
KOBO 3arpyzKeH B Kaykioif u3 wernipex cucrem. Torma:

7 e R
S W . - 6 PR T
2 3 05294 | 14118
4 6 | 04696 | 3,1824 |
6 9 04405 | 50355

Kak suanm, ¢ pocTom uucia npubopos BepostTHOCTD oTeph yObIBaeT, a pacrer cpejuee
THCIIO 3aHsIThIX TPUOOPOB.

O’P(.‘.IO}],E[: CCJAM B cucreMy Hocrylaer II()I\'O'J.'O]JhIﬁ HOTOK, TO BCPOSITHOCT L NOTEePH 3as5IBOK
pY COXPAHCHNU OQHON W TOW XKe cpejiHedi HAPY3KH HA KA, Ibifi npudop Oyer menbie
I8 TOH CHCTeMsbl, rie J00as1 3AABKa MOMKeT HOCTYIIAaTDL Ha JIH)ﬁ(lﬁ IlpHGO]) 11O CpaBICHIHIO
C CHCY l{’MOH B I(Ul(}])()li na Kd)K,I,bllf[ llpﬂ((]p nocrymaer onpeaejgeHdas 4acTh 1[)060]3:111&11{
Mmenmo rax n oprannsopans cefigac Kaceol HpeABaPUTENLHON npojaxkn Onieros (Ha mo-
e3/1a 1 CaMOJIEThI JTIOOO0I'0 HAIIDABICHNA ).



TIpumep 2.

Apromaraucckas TesedbOHHASA CTAHIAL WMeeT IsiTh JuHuit cpsasu. llpeanonoxum, 410
HOTOK 3asBOK HA COeIMHeHue ¢ abOHenTOM st BeJleHusd pa3roBopoB — IIyaCCOHOBCKHIH €
HHTCHCUBHOCTLIO JIBA BbI30BA B MUHYTY, U BpeMA pasrosopa HMEeeT [MoKa3aTeJIbHOe Pacipe-
JenerHue ¢ MaTeMaTHUYeCKUM OxKHIaHueM, paBHbIM 1..5 MUWH. HDP,IIIIOJIB,I‘aG'I‘CH, YyTo 3adBKa
[OJIYIAaeT OTKA3, eC/lM B MOMEHT ee IIOCTYIJIEHN: Ha ATC Bee narTh JUHUA 3aHATDHI.

Nmeem: n =5, — = 21,5 = 3, Torja BepoaTHOCTb 0TKa3a papHa.
i

3°
= — = k 1
k=0 ’

Taxum 06pa3oM, CTaHLUA He coeunsaeT ¢ abOHEHTOM, B CPeJieM, B 11% cayuaes. Ilpo-
nyexnyio cnocobuocts ATC npu naHHBIX A ¥ b MOKHO YBEJIVYHTD TOJILKO 32 CHeT yBeJH-

Ps ~0,11.

YEHUSA YUCTa JTUHHIT CBI3U.
Haiiiem, CKOJIBKO HYXKHO HCHOIB30BATH JTHHUI CBA3H, qT00bl YBEJHIHTE MTPOIYCKHYIO
CHOCOBHOCTE B JeCATh pas, T.c. 4T0OLI BEPOSTHOCTL 0TKA3a He HPEeBOCXO/MIa 0,011. Jng

_ . A
HTOT'O € IOMONIBIO (HOPMYJI (1--1.1) n (14.2) mpu ycnosuu, 4T0 — = 3, cocTaBuM TabJuIy:
J

| n | 2 3 4 5 6 7 8
o | 075 | 0529 | 0346 | 0206 | 011 | 0052 | 0022 | 0008

OTciona MOKHO CIeIaTh CHeIyonui BeBox: ecin cupoexruposars ATC npu gamibix
3paveHuax A M j4 TAK, UTO OHA CMOXKET OJIHOBPEMEHHO 00C/yKHTh BOCCMb PasroBOPOB
(n = 8), 1o Tonbko B 0,8% ciywaes OyJer nosgyven OTKas3.

ViparkHeHus

e 1. Unmerorea ase cacreMbl, paboTalonike B CTALUMOHAPHOM DeKIMe. Kaxkpas nmeer
NIyaCCOHOBCKUIL BXO/IHOMN NOTOK CO CpeJHeH WHTeHCHBHOCTDIO, PaBHOW JIBYM 3aABKaM
B MuHyTY. B KaxkIoif cumcreme mMelorcs no asa npubopa ¢ OJIMHAKOBOMH cpejeit
TPON3BOUTEILHOCTHIO, PABHOMH JIBYM 3a:ABKAM B MUHYTY. B nepsoit cucreme ovepeinb
e MOKET IPEBBINATH JBYX 3asdBOK, & BO BTOPO# 00beM HAKOHHTENs PaBeH HyJo.
JIas KasKAOH cMcTeMbl HaltauTe BEPOATHOCTH TOTO, YTO B CHACTEME Oyaer He Menee
JIBYX 3a4BOK.

e 2. Ha resnedoHHOI cTAHIMH UMEIOTCA JBE JIMHIH. Bui3os, nocrynaommii, Korga see
AMHMM 3aHATHl, noaydaer orkas. [I0TOK BHIZ0BOB #ABJISIETCS IYACCOHOBCKHM C Ma-
pamerpom A = 0,5 BBI30BOB B MUHYTY. Bpems obciyzKuBapus pacupe/iesieHo 1o
HoKa3aTeabHOMY 3aKoHY. Cpejiisis NPOJIOJZKUIeTbHOCTD PA3TOBOPA COCTABIACT TPH
munyThl. Haftaure BeposdTHOCTD OTKA3A. [Ipu KaxoM HaMMEHbIIEM 9UCJIe JIMHUH 1014
TpeGoBanuil, 10/y9a0UUX 0TKa3, OYACT COCTABIATH MEHLINE MATH npoueHTon?



15. Cwucremsr M/M/1/oc/m, M/M/oo/oo/m,
M/M/n/VIm

15.1. Cucrema M/M/1/0c/m

Korga BxogHoll B cncTeMy NOTOK HYaCCOHOBCKUIL, MOKHO GBLIO CYUTATDL, Y4T0 OH 06ec-
EINBACTCs HECKOHEYHBIM MHOYKECTBOM HCTOMHHKOB HAIPY3KH (T.e. GeCKOHeYHBIM MHOMKE-
CTBOM 3a8BOK).

Teneph npeanomsoKuM, 4T0 BXOIHON MOTOK HE SBASETCS HYACCOHOBCKUM, a CO3AACTCA
KoHeuHON rpynnoff, couep:aeif m BO3MOXKULIX 3a4B0OK. 3HAK 00 B 0003HAYEHHH CHCTC-
mbt M/M/1/o0/m ykasbiBaer Ha TO, 4T0 HUKAKUX OFPAHHYCHUI HA 06HEM HAKOIHTCS
HeT, XOTs MOHSITHO, YTO B JAHHOM KOHKDETHOM CJIyuae, KOIaa UMeercs: BCero JIHIb M BO3-
MOZKHBIX LIPETEHACHTOB Ha 1IOCTYIICHHE B CHCTEMY, 00'beM 04epe il B JIeHCTBUTCIbHOCTH
orpannyex. llomyrno saMerum, 9T0 Huorga ToT GakT, YTO 3apaHee HIKAKNX OTpaingeHnnii
Ha 00beM HAKOUMTEN st HeT, 0003HAYAIOT HEe BHAKOM 00, a Tpobe]1oM, HAIPUMED, BMECTO
M/M/1/o0/m, moxuo Gbi10 Obt nanucars M/M/1/  /m. Kaxnas uz m 3ag80k 1160 Ha-
XOIUTCA B cucTeme, b0 sBJisercs IPeTenIeHTOM Ha nocrynaenue. MoMeHT IocTyIIeHus
B CHCTEMY sIBJISIETCA CilyYailHoll BeTUIHHON, HYCTh [IPOMEKYTKHE MEYK LY TOCTYILICHHSIMU

pPacipejiesiensl 110 HoKka3aTedbHOMY 3aK0Iy CO CPEeHIM 3HavYeHueM l (CC[{_YH,‘I). H]’)C,JI,IIO-
Jlaraem, 4T0 BCE 3a4BKH IOCTYIIAIOT HE3aBHICHUMO APYT oT apyvra, Tl'j\l‘,ﬂa, ec/id B cucreme
HAXOJIUTCH k 3asiBOK (O‘IEEI_’JE}LB LLIHOC HI)H{JOI)), TO M — k 3a59BOK HaxoJdTCa B HUCTe ITOCTY -
HAlOWX, 1, 3HaYdT, 061 lad HITEeHCHBHOCTL HOCTYILICHUA paBHa:

o AMm — k), 0Lk<m,
k=1 0, k> m,

Thie = 14 oS ) R 7

Oyepn MO, CHCTEeMa ABJIACTCH CaMOPEryINpYeMOR: KOria HAKAILTHBAeTCH DOIBITIAS Ove-
¢ ] W /
pess (k 6u3Ko K 1m), TO HITEHCHBIOCTH NOCTYILICHUS HOBLIX TpeboBaHUM yMeHbIIaeTCs
1 npeaorspalnaet neperpyskKy CHereMbl.
Muarpamma, HHTCHCHBHOCTEH HePexXo0B ABJIACTCH KOHeYHOl eI B!
=N

mh (m-1)A (m-2) 3 2k A
r.'_.(—‘ _'\\’“ ‘./-’ A\t_‘\/ g /—- “"“‘**—-H__\”‘/f“' M_\’_“\/‘—\q"_\
V0 \ 1 24 m-2 m-1 { I"I"I,.I
i SR SR TR U e T e SR
u 1 H 1 u H

k1 . . k
- (m=9X  m-(m=1)-..-[m—=(G=1D](m—-4k)-....1 () e
B0 H wo 3 1:2-...-(m—k) g i
AN\ om! e
=N i PG o e ; 7
#o i) (m—=k)Y =
pr =0, k> m,
|
N
B
; w) (m—k)!

Bamernm, 910 mpu m = 1 cucTeMa IpeBpaniaeTes B CHCTEMY M/M/1/1 - encremy c
yAajgeHneM 3ab10KUPOBAHEBIX BHI3OBOB,

Lk
]

o el T D T



15.2. Cucrema M/M/oo/oc/m

[TycTh MMeeTcsi KOHeYHOe YHC/I0 WCTOYHHKOB HATDY3KH 1M (1.e. KOHEYHOE HHUCIIO 3a-
ABOK) H ,0ECKOHEHHOE" YHCII0 00CHy AKHBAIIINX npubopos. Torja Moaenb Moxker ObITh
OnmHcaHa (:Jle,uylom_n M 0OpaszoM:

~f Am — k), 0
g { 0, k

g = ki, k=12 .m.
Jluarpamma HHTEHCHBHOCTEl IMeeT BHIL:

mh (m—1)A (m-2)A

T L T M
DUNED OGS WP

p 2u H (m-2)p (m-1 )u mlu

Bocrnons3zosaBummch (bOpMVchLMH J1J1s BhIpamKeHusd Ii(‘p()}]THO(‘lF‘H Pr. B caydae Korla CH-
cTeMa paﬁo:rae'rf B CTAlMOHAPHOM pexuMe, MOy qaemM:

k-1 k-1 ; k
_ N (m—1)A m! AL
" _mg s ””“H G+ p  lm— kKl (ﬂ) N
A k ‘
=y (—) Cf;l_, 0<k<m,
1
-1
m by k 1
s i C‘k - — ..
m={2(5) o ()
k=0 L=
1

Torna:

k
(é) (}Tk
1t m
gy = b =
Pk ( A\ ) T 0 k
1+ =
I

pr =0, k> m.

T,

15.3. Cucrema M/M/n/V/m

B cucreme n 00CIyKUBAIOLIUX TPUOOPOB, KaXkK /bl U3 KOTOPLIX XapaKTEPU3YeTCs -
paMeTpoM O0CIIYZKUBAHUSA (4, UMEETCs HAKOIHUTETIH TAKOro obbeMa, 9TO CyMMapHoe 4uc-
710 3as5(BOK, HAXOMSUIAXCH B CHCTEME, He MpeBocxoaut V., ecim B CUCTEME yIKE MMEIoTC
V 3a4BOK, TO CJEAYIOIIKE HOCTYMAIOWUe 3aABK) NOKHIAIOT CHCTEMY HeoDCTy KeHHbIM.
ViMeeTcst m MCTOYHMKOB HATPY3KH, T.€. BCEI'O UMEETCH 1M MPETeHACHTOB Ha IHOCTYILICHNE

B cucremy. IlycTh cpeiuunit MpOMEKYTOK BPEMEHH MEXY 3asBKAMH PABEH T T.€. MOTOK

MMeeT CPEJIHIOI HHTEHCHBHOCTH, PABHYIO ). 3ameTum, 4TO 3Ta CHCTEMa ABaserca 0600-
[IEHHEeM BCEX paHee PacCMOTPEHHLIX CHCTEM.

[Tpejnonaraem, sto n <V < m.

JlmarpamMma MHTEHCUBHOCTEH MepexooB UMeeT BUL:




LTS (m-1)% (m-2) (m-n+2)i (m-n+1)5 (m-nja (m-n-1)A (m=V2)h (m-V+1)2

R T H‘}'v{' o BT AT i o
‘0 z,,‘ 'I/] ' s } L S ,-)r:k«-.__ p __--)'l"{“*---_h e &‘1 G a L S e i 2
—ﬁm ‘211 "'F‘ {n—1}p ny np np :1H) ni

[lapamerper mponecca rubesn u pazsHOMKEHHA UMEIOT BII:

{ (m—k)A, 0<k<V,
/\,{~ —

ke, U< bamn,
My = § MU, n<k<V,
0, i v

PacemoTpum 3nadennst py, ans ciayuas 1 < k < n:

k—1 , . k :
(m — )\ N mlm = 1) oo s [ = (b= 1N — B0 — k=AY o 1
Pk = Do H ‘_.—)_ = P (__) m( ) [ ( )( ) ) 1

w5 G+ 1)u L6 192 vl (m—K) v 5l

k
= Po (é) oL,
I

n—1

m ?' A m—i /\ {
Pr = Do H ( H - )

1 HJ,
1= 'Ign ’f

Adst caydas n < k< V.

1/

B A\V'm(m—=1)-..-[m—=(n-D][(m—n)-..-m— (k- 1)]
= Do ( )

nEk-n1.2.....n

1
N mlk! ANT L e
=7 T = = = = Ly sy "
& p) nErnl(m — k) e 1 Tl

‘Torma:
n—1 k } k o |
Ppo= |1+ ( ) (‘-'_f:f. + N (—) Cf”_'._ Inﬂ k L
pl I 1.
k==l k=n
n~-1 k V k
A 1k A k k -4
- 12(G) A+ () ok
k=0 k=n
Yupaxkaenue

e Oxapakrepusyiite Kaxiyio u3 pacemorpennbix B nynkre CMO, uzobpasure jna-
IpaMMbl HHTCHCHBHOCTCH ¥ BblMmnTe (DOPMYILI JUIS BBIYHCICHHS BCPOSTHOCTETH
P
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16. MeToj dTAnoB. JDPJIAHIOBCKOE pacipejesienne

Byuem pacemarpusars CMO ofmero Buga, KOTOPY10 HEJIb3s OLHCATH LIPOUECCOM I'H-
e 1 pasMIOKeHHs.

Pacnpepenenne Bpemenyu 00C/Iy’KUBAHUS TIPH HENOKA3ATE/ILIOM 3aKOHE MOZKET OBITh
PA3IOMKEHO B HABOP COCTABIISIONTHX NOKA3ATEIbHbIX PACTPEeCTCHUH.

PacemoTpum o6c/1yKuBatoniii npubop, Bpem# 00CiyKUBaHIA KOTOPOTO HMCET TOKa-

3aTesIbHOe PACTPCIEISHHE ¢ MIOTHOCTLIO pacupejenenns: b(z) = pe HE rme x > 0.
: 1 1
Ouesuuno, yro M(z) = —, D(x) = il
I L
Teliepb PACCMOTPHM CHCTEMY, B KOTOPO# IPUOOD COJEPAKHUT, B CBOK) 0HCPE/ib, ABA NPU-

Gopa, MpHYeM KaxKAblil U3 HHX WMeeT MOKa3aTelbHoe PacIpe/ie/cHie ¢ lapaMeTpoM 24
[110THOCTE Uit KAyKJ1010 BHYTpeHHero npubopa mim srarna paBHa: hiy) = Q;E-B_l HY tne
y > 0. Torpa M(y) = _—}—,D(y) = =,

24 (21)
BAeTCs OJHUM W3 9TAIIOB, ¥ HOBasd 3adBKa 1OCTylaeT Ha 00CaYKMBAHUE TOTHKO B MOMEHT
3apepiIeHns 00CTyKUBAHUS BTOPOrO STalla JUlsi NPpeblayIIel 3ad4BKM, T.e. OMUH N3 STHX
BHYTPeHHHX NpHOOPOB Beerja 00653aTe/bHO LyCTyer. DT0 03HAYAET, UTO OMHCLIBAEMDBIH
npoLece 06CIyKABAHAS AHAJIOTHYEH TPOLECCY BXOAHOIO MOTOKA C HPOCEHBAHMEM OJIHOII
3asBKM (Kak Obl 3a06BIBACTCS 3a4BKA, BUPTYAIbHO HAXOAATMAACH HA IyCTOM srane). Torpa
JUIS1 HAXOYKTeNus IIOTHOCTH BEPOATHOCTH BDeMeHH ofCIyKUBAHUA Ha BCeM pHOope MOK-
HO BOCHOJB30BATLCS PacipeiesenneM Dpaanra. B obuem ciy4ae, ecid npubop nmeer |
STAIOB, TO JJIS ONUCAHUA COCTOAHWNA mpubopa st 0bCayKUBACMOIl 3adABKM JOCTATOTHO
PAcCMOTPETD JIBYMEPHbIH BEKTOP, TIepBas KOOP/UHATA KOTOPOTO yKashiBAeT Ha HHC/I0 3d-
ABOK B O4epellH, a BTOpa:d YUCJTO ATAll0B, Yepes3s KOTopLie YiKe 1IPOLLIIO (16CUFIUVH<HBF].EMOC

Torpa 3asBKa, HaXoidch B npubope, o0OC/Ly &Ku-

TpeboBanue.

B aByxsTanzoM nputope 3adBKa KaKoe-To Ciydaifioe Bpems HaXOANTCS Ha OJIHOM STa-
e 1 Kakoe-To caydaiinoe spems — Ha gpyrom. Torma obmiee spems 06CyKUBAHNSA €CTh
caydaiinasi BeIMYMHA, PABHAS CYMMe He3aBUCUMBIX H OJMHAKOBO PACHPE/IeNCHHBIX CJly-
qalinerx peinaus. CUleI0BATETBHO, KAK M3BECTHO U3 Kypca ,Teopus sepoaTHocTed™, 1is
HAXOMKIeHNs [IOTHOCTH JAHHO CaydaiiHON BeJIHIHHBL HAJO B3ATh CBEPTKY ILIOTHOCTE]
PACITPEICICHNS KaZK/10i M3 CyMMUDYEMBIX CJIyHaiHbIX B IHH. Cpeprka GyHKIUi OTHO-
curenbo mpeobpasopanud Jlamraca obajaer CiaeyomuM CBORCTBOM: upeobpasoBaHne
Jlamiaca 0T cBepTKH ABYX byRKHmil ecTh mpoussejsenue mpeobpasosanuit Jlamaca or
ka0t 13 pacemarpupaemblx dynkupit. Takum obpasom, npeobpazosanue Jlamnaca ot
JIOTHOCTH PACIpelesieHus BpeMeHn 00CIyKUBAHUA B JABYX3TATHOM npubope paBHO NPO-
w3BeTeHmIo npeobpasopanuii Jlantaca 0T IIOTHOCTeH BpeMeHn 00CIy ZKHBalNs Ha KazK/10M
yTarmne:

20

CM. IIYHKT 8),
o S) (em. Ty )

6 =
no manmomy obpasy L(b(z)), ucuonbsys rabimipl npeobpazosanus Jlanmaca, Haxo UM
opurunai. Torpa:

b(z) = 2;!,(2,{5:{;]8_2“3:, e A F

3Has IWIOTHOCTb PACTIPeeelus BePOSTHOCTEH BpemMeny 00CTy KHBAHUS, MOTKEM Hai-
O MATCMATHIECKOE O7KILIAHNE 1 AUCTICPCHIO JUTst 9ToH AByXaramHofi cucreMbl. [lockonbky
BpeMsI, IIPOBEACHHOE B IpubOpe, ABJIACTCS CyMMOH JBYX cJy4alHbIX BEJHYMH, TO MaTe-
MATHICCKOR OKIIAHNE BPeMEHY 06C/Iy KHBaHNs ABAAETCH CYMMOH MATCMATHHECKUX OZKH-
NaHUil CATACMBIX, U AMCTIEPCHS CyMMbl HE3ABUCHMBIX C/y4aiiHBIX BeJMYIH PAaBHA CyMME

T
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JHCLEPCHH, T.e.:

1 1 1
M(z)=—+ — = —,
(=) 21 ¥ Qi B
_ 1 1
D(z) = ——+ : —

(2u)? " @R 2

Mpb! HOJYUHAT, YTO MATEMATHYECKOe OKUIAHUE BPEMENU O0CIYKUBANVS B JBYXITAI-
HOJ CHCTeMe PABHO MATeMATHISCKOMY OKHAAHNIO BpeMeHH 06C/1y AKHBAHUA B O/IHOSTAIHON
CHCTEME C TAPAMETPOM [, & JIMCHEPCHs B JABYXITAIHON CHCTEME BIBOE MEHbIIE JUCIEPCHH
OJIHOITAIIHOH CHCTCMBI,

3aMeTHM, YTO 31eCh Mbl, B CIUY MOKA3ATEIBHOIO 3aKOHA PACIPEIEICHUS, UMEIH OT-
CYTCTBUE NMOCAeHLHCTBUSL, T.6. BPEMS, yzKe TTPOBEJICHHOE 3asBKONH HA JaHHOM draie o6ciy-
MKMBAHNs, HOHKAK HE CKa3blBaeTCsd Ha JajbHedmeM QyHKIMOHNPOBAHNNA CHCTEMDL.

Taxnm 00pazom, B JaHHON cHCTEMe YIaJoch pachpeiesenne Dpiainra IpUMeHNTDL He
K BXOJJHOMY IIOTOKY, Kak OblJIO CHCIAHO B NyHKTE 8, a K Nnpoueccy 00CayKuBaHus.

VYupaxkueamne

e IIpuseaure npuvep CMO, B KOTOPO# OGCaYKUBaAIONHI TPHOOD HMeeT JBa YTana,
IPUYEM HOBas 3asBKa MOCTYIAET Ha ODCHYKUBAHKE TOJBKO B MOMEHT 3aBepIIEHHS
OBCITY KUBAHMS BTOPOIO 9TALIA JJIsl HPEJLIIYIeH 3aaBKH.

17.  Crarucrnyeckoe mogeaunposanue CMO

AHATNG PEANBHONR CHCTEMbL MOKET OCHOBBIBATHCA HA PE3YIBTATAX IKCICPUMCHTOR MK
neeIe 0BaluAxX Mojeneil paccMatpusaeMoil cucremsl. CiejryeT pasmuyaTh (hUINYECKNne
M MATeMaTHYCCKUE MOJACIN, a TAK/Ke MOJCJUPYIOUWIHE AJTOPHTMbBI A8 UMHTALHONHONO
(cTarneTHYECKOTO, MAIIMHHOIO) MOAETHPOBAHNH Ha KOMIBIOTEpE.

MaremaTuueckue MOTENN PEAJBHBIX CHCTEM UCCACAYIOTCA AHATMTHUICCKUMHI METO/A-
MU Teopun BepoaTHocTel. Kak 11paBuio, 0CHOBHBIE 3aJaUH CBOJATCH K PACCMOTPEHHIO
COOTBETCTBYIOIUX CJYYaiilbIX TPONECCOB U ONPEJENEHHIO UX CBOMCTB, PACTpeac/enuii
WJIH YUCJOBBIX XAPaKTCPHCTUK.

B xo/1e KOMIBIOTePHOTO MOJICTHPOBANUS JiJIs KOHKPETHLIX HADOPOB IIAPAMETPOB MMH-
TUPYIOTCS TPACKTOPUY CJIy Yl HBIX HPOLECCOB, TOYHEE NX 3HAYCHAA B HEKOTOPBIX TOUYKAX.
[To peammsamusam TpaekTOpHil CTATHCTUYECKIMHI METOIAMM OTEHUBAIOTCS 3HAYCHUS MCKO-
MBIX XapaKTepucTuK.

CraTneTHaeckoe MOACIMPOBaHTe PeaNbHON CHCTeMbI BKIIOUaeT B cels: hopMyIupos-
Ky 3aja41i ucesejosannd, spibop wim nocrpoenue Mogean (06b1MHO BHIGHPAIOT HEKOTO-
PYI0 MATEMATHYCCKYIO MOJCHDL M 7S Hee CTPOSIT MOACTHPYIOUMI allropUTM), COCTABIIC-
Hie [JJaHa EMUTAIFOHIOr0 9KCIePHMEHTA, HEOCPEJICTBCHHOE MOJICTHPOBARNC (DY HKINO-
HUPOBAHUA CHCTCMbI (MMHTAINIO), 00paBOTKY PesylIbTaTOR MOJCAUPOBAHNA, HX AHAJINS 1
MHTEPIPEeTAIIIO.

Ocranosumes Ha npobieMax, CBS3AHHBEIX ¢ MOJICTHPOBAHHEM KOHKPETHOH CHCTEMbI
00CITY KUBAHHS.

Hast npoussodbiolit CMO mozkiio rarh yunduigposanioe onucanue, yaobHoe 1ig mo-
CTPOEHUS MOACTUPYIOTIEro agropurma. [pu sroM yuursiacrea caenyiomas ocobeHHOCTE
cucrem obcryzxnsanug. Tpackropun cayvdaliibpiX TPONECCOB, OMNCHIBAIOLINX W3MEHEHHsT
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3paYeHnit XapakTepHCTHK CUCTEMBI, KyCO4HO-THHeHNbIe, T.c. HA KOHEYHBIX MHTEpBATIaX
BPEMEHH HEKOTOPBIC XaPaKTePUCTHKH He MEHAIOT CBOMX SHAYCHHI, APYITe JKe U3MeHSIOT-
¢t TIPOTIOPIEOHATBHO TeUEHNIO BPEMCHH. B MOMEHTH BPEMEIH, COOTBETCTBYIONIHE KOHIaM
STUX WHTEPBATIOB (HOCTYILJICHAE B CHCTeMY WJIH OKOHYAIHe obcayxusanus Tpebosanng u
T.11.), XAPAKTePUCTHKN MOTYT CKAYKOM M3MCHUTE CBOE SHATCHHC.

B cBsizn ¢ oty Gygem cuntaTh, 910 CMO cocront n3 HEKOTOPOro Habopa J1EMEeHTOB
Ag: k> 1 (meMeHTB MOTYT [1PeACTABIATE HCTOTHHK rpeGoBanuil, KOHKpeTHble TPebo-
paud, o4epeh, Lpubop 0bCayKUBAHUS, I T.11.). DuemenT Ay B KaXK/Iblii MOMEHT BPEMC-
[ HAXOJUTCS] B HEKOTOPOM COCTOSIHHY € U3 3aJaHHOrO nabopa cocroanuit. Ilpuiuem see
COCTOSIHUST /IeTSTCH HA AKTHBHbIE U ACCUBHbIE (TAK, HANPUMED, /14 npubopa: 00CTyKu-
BaHme - AKTHBHOE COCTOAHHE, OXKHTAHUE IIOCTYIUTEHHS B CBODOAHYIO CHCTEMY TpeboBanus
~ naccupnoe cocrosmue), Cocroguue CUCTEMbl XapaKTepUu3yerTcH HabopOM COCTOAHUI Biie-
MenToB. Kaskjioe COCTOSHHE € OTTHCHLIBASTCS HabOPOM XapaKTePUCTHK Ly = {zw; 420}
KOTODBIE IPMHAMAIOT 1JIs1 JJAHHOTO COCTOAHUSA HCKOTOPOE (dbuKcHpoBanHoe 3uadenne, 1ubo
JIHHEHHO H3MEHSIOTCS ¢ TedenueM Bpemern. Y aKTHBHBIX COCTOSTHAH MMeI0TCH aKTUBHbIC
XAPAKTePHCTHKHM, KOTOpbIE ¢ TCYEHHEM BPEMCHH AUHEHHO U3MEHSIT CBOW 3HA4YeHus 10
HEKOTOPOH (PHKCHPOBAHHOMN BeJTMUMHB! ~ TPAHILBL, JOCTHZKEINE KOTOPO#t MOXKET BbI3BATD
M3MEHEHNEe COCTOSAHHSA jeMelTa i CUCTeMbl B LEJIOM.

KasK1as aKTHBHASL XAPAKTEPUCTAKA ONPEIEIser MOMEHT BPEMEHH, KOL OHA MOZKeT
nocriyb rparupl. Ocrapmeecs BpeMa 10 GMKANIIEr0 TOCTHZKEHS TPAHUIbl OJHONH 13
AKTHUBHBIX XapPAKTEPUCTUK COCTOSAHUS €} 3ATAET OCTaTOMHOE BPEeMa AKTUBHOI'O COCTOSAHIA
W TIPUITACHIBAETCS XapaKTePUCTHKE Tko- V ACCHBHBIX COCTOSHUM 3HAUCHME Lo 10JaraeTCs
paBHbIM GeckoneqHOCTH (MTPH KOMIIBIOTEPHOM TPEACTABICHITH = HanbOIBLIAM 11De/ICTaBH-
MBIM B KOMmbloTepe uncioM), A = min{zx; k 2> 1} onpezensier OCTATOHHOE BPEMsl IBO-
JIOIME CHCTEMBL, 110 HCTeYeHHM KOTOPOrO BOIMOXKHBI M3MCHCHIL COCTOSTHMI DJICMEHTOB,
N3MEHeHHS CKAYKOM MX XApaKTepUCTHK M caM HabOp XapakTepHCTHK.

Mogeaupytouuii anropury CMO npezcrasagerca KOMIILIOTEPHOU TIPOrpaMMoit, # €ro
CXeMy MOKHO IPEICTABATH B BALE BBHITONHEHHUA CJICAYIONIHX STANOB-

e Dran 1. Pukceuus HAHIAABHOZO COCTIOARUA CUCTILEMDL.

o Dran 2. Onpedesenue waze MoOEAUPOSAHUA VHora 1mar MoJeTupoBans (huKcupo-
BaH, KaK OJuH w3 napamerpos cucrembl. bonee 3hheKTHBHO 3a IIar MOAEINPOBAHHS
fpaTh OCTATOUIOE BPEMsl BOJIOLHAN CUCTEMBL.

e Dran 3. Onpedesenue HOG020 COCTNOAHUA CMQO 10 UCTeYEeHUH BPEMEHH €ee 3BOJIO-
jun. V3MeneHna coCTOSHUE 3/eMEHTOB ONPEIenAIoTCs HCXO1A 13 CBOHCTE KOHKDET-
moit CMO. [Tpn 910M Jijid HEKOTOPBIX SJICMEHTOB OpiBaeT HEOOX0AUMO I'CHEPHPOBATH
AHAYeHHEe AKTUBHON XAPAKTEPHCTUKH, KAK 3HAYCHHE CIyHalHnol BeJMIHHbI € 33/aH-
HbIM 3aKOHOM pacupe,n_e.uemm, Ipu MTOMOLULH JaTunKa c.nyq_aﬁnmx quCel.

e Dran 4. [Ipomesicymonnan obpabomxa 0aHbLT. Ha kaykIoM niary MojeJqnpoBaHud
MBI ONPEIEJAEM 3HAYEHHS XapaKTepHCTUK (Tpaexropnil) CMO. Coxpanenue BCex
STHX 3HAYCHUH 0 KOHIA MO/IeTAPOBAHHS HEIETeCc000pasHo. TloTOMY € y<eTOM Npei-
crositedt craTucTHIecKol 06paboTKM JANNBIX MOICTUPOBAHME BLITIONHAIOTCA npomMe-
JKYTOUYHDBIE BHIYHCJIEHHA.

e Dran 5. [Iposepra ycaosull OKOHUANUA UMUTIAUUU. B kagecTBe KpUTEpPUeB IIPUHU-
MaloT Ju60 JOCTHIKEeH)e 3a/aiHOro BPEMEHH MOJEJHPOBAHUS, MO0 00CTy KUBAHNE
OTNPeICJIEHHOTO YHCI rpeboBanuit, MO0 JOCTHKEHAE puKCHPOBAHHON TOTHOCTH. Ee-
71 MOJIeJTUPOBAHKe He 3aKOHYENo, CJenyer nepeifT K ramy 2.
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e Jran 6. Cmamucmuneckas obpabomxa darnnmnr. Ipedemasaenue peayavmamos mo-
deauposaniss,

Pacemorpum Goutee 11oj1pobno peamnsanmio ramna 3, a HMEHHo npobJjiemMy renepupoBa-
HUA 3HAYEHWH ChyYaiiiol BeJUMYUHDBL ¢ 38JaHHBIM 3AKOHOM paclpeneeHus.

Hatauku enyuainbix yncen BopaGaTLIBAIOT HOC/IEI0BATEBHOCTH {w,} nesasucumpix
CTYMaliHBIX BEMMYHH, PABHOMEPHO pacnpeieneHunx B uarepsaie (0, 1). [osromy Hyz2KHO
HAYIUTBCST CTPOUTD CNYYARHYIO BEJIUTHIY C 33/JaHHBIM 3aKOHOM PACIIPEJIeICHHs, UCXOIs
13 PaBHOMEPHO PACTpe/iesICHHON Ciyyaiinoi sennaunel. B ciyyae ojHOMepHBIX BeIHUNH
MOKHO HCIIOJIL30BATE CACTYIONMHA HpUeM.

Pacemorpum B niockoern 20y xpusyio y = F(z), re F(x) — dyuxuna pacnpeaese-
HHst CAYIARHON BeJIMIMHDL §, KOTOPYIO HeOOXOMMO TI0CTpouTh. B Toukax paspeiBa F'(2)
JIOTOTHUM IPadUK OTPesKaMu HPSMBIX, Hapawieababx ocu Oy, Tak, ITo0s B pesyisrare
osyuiiace Heupepbisnas kpusasg. [lycrs ¢(y) — snavenne z, jusa xoroporo F(o(y)) =y.
Honokum € = ¢(w), rae w — pasromepio pacnpesenennas B naTepsade (0, 1) cayuaitnas
Bernunna, Torpa & umeer dbynxnuo pacupeyenenus I (z). JleflcrBuTensro, BeieCTEUE
MOHOTOHHOCTH ¢(y) BBINOJIHICTCS:

pl€ <) =p(¢p(w) < x) = p(w < F(z)) = F(x).

BaveTnm, 9To ypapsenne F'(x) = y npu HEKOTOPLIX 3HageHusx Y MOZKET MMEThb HEOHO-
snatmnoe pentenne. OQJHaxo Takux 3Hauenuil y ne 6o YeM CUETHOE MHOKECTBO, Cle10-
BATE/BHO, BEPOATHOCTH HCOMHOZHAYHOCTH pentenns ypasnenus F'(z) = y pabna nyno u
¢(y) MOZKIO ONPEACINTE KAK MOHOTOHHYIO (hYHKITHIO.

JJtst MOAeIPOBAHNS TTyACCONOBCKOIO OTOKA HaJI0 FeHCPUPOBATL HPOMEKYTKH Bpe-
MEHH MEZKAY MOMEHTAMH NOCTYIUICHHS COCEJHUX 3asBOK, T.e. 3HAUCHHUS TOKA3ZATEIHHO
pacnpesic/IcHHON ciryJaiinoil seauannbl ¢ pyHKnuell pacnpejiesicnns F(z) =1-e"** rae
A = MHTEHCHBHOCTH BXOJIOTO MOTOKA. UTOBH HOAYYNTH KOHEUHBIH MACCHE 3HAMCH M Ti,
PCHIIM VPABHEHHC:

F(z;) = w;,

TAC Wi ~ 3HAYeHUe PaBHOMepHo pacupejenennoi na narepsane (0, 1) cayuaitnoi seanun-
HBI.
Torna;
1— e = g,

OTKY/IA:
1
= In(1 — wy). (17.1)

robpr emonemposars 06C/yKUBaHKe, OCYLECTRIACMOe 10 [0Ka3aTeJIbHOMY 3aKOHY,
T.C. HOJYSUTh MACCHB JJIHTCILHOCTH OOCIYKUBAHUA OTHEABHBIX 3a5BOK, MOYKHO BOCIIO/b-
30BaTLea 9TOH ke opmymol (1 7.1), B KOTOpO# MHTCHCHBHOCTL ) Oyner zamenena na
MHTEHCUBHOCTD ODCIIYKMBAHAS (L.

3aMeTHM, YTO COCTABICHHE TIPOIPAMMDI MOAEJIUPYIONIEro aIropuTMa TPYJI0eMKO | Cy-
MECTBEHHO Bimsger Ha ddgdexkrusnocrs moxemuposanus CMO. [omoraior PeLIuTL J1aH-
HYIO IIPODJICMY Criennaibibie SI36IKA MOICAMPOBAHNIST, HAKAILTHBACMOE HPOBEPEHHOE 11PO-
rpammMnoe obecredenmne,
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