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NMHCTPYMEHTAJIBHBIE CPEJICTBA NCCJIEJJOBAHNA
HECTABMNJIbHOCTU PABOTHI MYJIBTUITPOITECCOPHBIX CUCTEM

FO. T'. Baprenes, A. M. Baprun, B. A. Epsynos, B. B. Komenes, /1. B. Kysbues,
1. 1. Jlunos, II. C. Jlobaunos, A. B. Jlomres, /I. A. HoBaes, A. H. Tlerpuk,
T. B. Ceménona, I'. [1. Ceménos, ‘C. A. @upcos |, E. B. [llaaukosa

(POSII-BHUITD D)

Haercst onucanme nakera nporpamm Noise Measurement Suite s u3MepeHUs wyma
(noise) B mHoronpoueccopubix IBM u ouenku ero Biausaus Ha 3pdekTuBHOCTD pacnapadi-
JenuBanus cdeta 3a1ad. ONUCBIBAIOTCS MPOrPAMMbI, BXOJSINUE B HakeT. llpemcraBiieHb
PEe3yJIbTATHI, IOy Y€HHBIE C TTOMOIIHIO TPOrPAMM MAKETa.

Karoueswie caosa: Muoronporeccopuble 9BM, nmapasienbHoe mpuaoKeHue, MpoIiece, ore-
paIMOHHAS CHCTEMA, sI3bIK IporpammupoBannsa Python.

BBenenune

Cucrembl, BBITIOTHSIOIIIE TAPAJIIETbHBIE BEIYUC/IEHNUsI, CTAHOBSITCS BCe Hosiee BOCTPeOOBAHHBIMU B 00,14~
CTSIX HAyKW U MIPOU3BOJICTBA, re TPeOyeTCs BBIMOJHEHNE 0DOJLIIOro o0beMma BbluuciaeHuii. Pa3zMepsr Ta-
KX CUCTEM Yy2Ke CerogHd AJOCTUTAIOT HECKOJIBKUX TbhICAY Y3JIOB U NECATKOB TBHICAY IIPOIEeCCOPOB (S{;[ep)
Haubosiee axkryasbHO siBjisieTcs mpobsema 3 deKTUBHOTO UCIOTB30BAHUS BBIUYUCIUTETBHBIX PECYDPCOB
CBer6OJIBLHI/IX BBIYUC/INTE/IBHBIX CUCTEM.

OHUM U3 TPENSATCTBUI B PEIICHUH TON MPOBIEMBI SIBIAETCS wym (n0ise) B BBIYUCIUTETBHON CHCTe-
Me!, KOTOpBIit CII0COGEeH HEeraTHBHO HOBJIHATH Ha 3P(EKTUBHOCTE CUeTa 33adH, HCIOIb3YIONMeH 60IbIIoe
quceo nporueccopos.  Ilo 9roii npobiaeme mmveercst psij nybaukanuii [1—5]. B pabore ®. Ilerpunn [2]
norepu dddexrusnocru (3amaua SAGE, 6omee 1000 mporeccopoB) CBA3BIBAIOTCA ¢ XapaKTEePUCTUKAMI
nrymos onepanmnonnoit cucrembr (OC). Kak npasuso, BHemanm npusnakom myma B 9BM sasiagercs pas-
Opoc BpeMeHm cuera OJHON W TOI Ke 3aJaum npu pa3HbIX 3ammyckax (HecrabuiabHOCTh cvera). [llym ma
OJTHOM TIpOIeccope — 3T0 (paKTUIeCKu Takue Hakmagabie pacxomsl OC, KOTOpbIe He CBSI3aHbI C BBIIOTHE-
HUEM 3aIPOCOB UCIOIHSIEMON 3aa9, U OHU, KAK [TPABUJIO, COCTABJISAIOT JIOJIA TPOIEHTA OT BCEr0 BPEMEHU
pemenns 3agaun. lyMm HA MHOYXKECTBE IPOIECCOPOB CIOCOOEH CYIIECTBEHHO TOBJIUATH HA BPEMs CUETa
3a/1a4¥ C MapaIebHBIME TIpoIeccaMu (napaasesvnoti 3a0a4u), TIOCKOIBKY MOMEXH HA MHOYKECTBE MPO-
OEeCCOB B OAWH W TOT K€ IMPOME2KYTOK BPEMEHU C/IIYyYal0TCd Yalle, 9eM Ha OJHOM.

eitcTBUTEIBHO, MapaJ/ijieJibHbIE TPOIECChl 33/1a4N, KAK MPABU/IO, BBHIMOTHSIIOT HA KAXKJIOM MIPOIECCOpe
MIOC/IE/I0BATE/IHHOCTD HEOOIBINX IO BPEMEHH ITaroB ajropuTMa, 3aKaHIUBAIOIIUXCs O0IIell CHHXPOHU3A-
nwueit. HazoBem Takue 1maru sepramu. B TakoMm ciiydae BO3HUKAIONIEE W3-33 [MOMEXHU yJIMHEHNE BPEMEHU
BBITIOJTHEHUsT 3€PHA CAyYaeTCs dYallle, 9eM Ha OJHOM IPOIECCOpe, U MPUBOIUT K YBEJIUIEHUIO KOJIAYe-
CTBa 3epEH B IMPOIECCe CUeTa MapaJlIe/bHON 3a/1aun, Ha, KOTOPBIX CJIYYNIACh Takasd 3ajep:kka. [loaromy
HEOOJIBIIIIE TTOMEXH CUETY Ha KayKJOM IIPOIECCOPE CIIOCOOHBI MPUBECTH K 3HAYUTEJIHHOMY YBEJIUUECHUIO
BPEMEHHU CUera MapasilebHol 3amadqn. UeM MeHbIe JIUTeI-HOCTD 3epeH B 3ajade (U, 3HAYUT, GOJIb-
e ux KOJ'II/ILIQCTBO)7 TEM 60.}'[])]].[88 B/IVMAHUE Ha YBEJIUYICHUE BPEMEHU 3aJa91 OKa3bIBAaCT UIYyM, 9TO 6y;|;eT
MTOKA3aHO JaJIee.

! Cyaaitiere moMexu BEIMHCIATEILHOMY IIPOIECCY, HAIIPEME], BCIeACTBHE HEPABHOMEPHO PABOTE MHOKECTBA STIEMEHTOB
M3-332 BO3HUKAIOIUX MEXKy HUMU KOH(DIUKTOB, PA3HOBPEMEHHON paboThl CUCTEMBbI YIIPABIEHUs MHOrOmpoeccopuoin 9BM
Ha, PA3JINYHBIX MPOIECCOPAX.
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HpeﬂMeTOM ﬂa.HHOI;'I pa6OTbI ABJIAETCA METOAWKa U3MEPEHUd IIyMa B BBIUYUCJIUTEJILHON cCUCTEME 1 OIleH-
Ka ero BO3MOXKHOTO BJiMsiHUsT HA 3(P(HEKTUBHOCTh CU€Ta TMapaJIe/IbHBIX 33jad. B crarhbe omuchiBaeTcs
paspaboraHHblii aBropamu maker mporpamMm Noise Measurement Suite (mamee NoM Suite). NoM Suite
obecrieunBaeT aBTOMATH3NPOBAHHBIN MTPOIECC W3MepeHust, cOopa, MPEICTABIEHNsT U aHAJIN3a PE3Y/IbTATOB
u3MepeHus HecTabmIbHOCTH (DYHKIIMOHUPOBAHUS AIMapPATHO-TTPOIPAMMHBIX KOMIIOHEHTOB U TOJCUCTEM
cosmannoii 9BM. Ha ocHoBanum uccienoBanusi ¢ nomombio NoM Suite MOXKHO caenarb KadyeCTBEHHbIE
BBIBOJIbBI O XapPpaKTEpe MyMa U €ro 3HAYUMBbIX COCTABJ/IAIONINX, I‘ITO6]DI 3aTeM TIPEeANPUHATH MEPBI 110 OIITH-
vuzanuu DBM, Hampasiiennble Ha CHUXKeHUE miyMa. [lakeT mo3Bo/isieT TakxKe M3MepUTh HEeCTAOUIBHOCTD
BBITIOTHEHUA KaK ITapPaJlJIe/IbHBIX TTPUKJIAIHBIX HpI/IJ’IO)KQHI/If/i, BXOOAIINX B €ro COCTaB, TaK MW ITOJIH30Ba-
TeJIbCKUX MapasaeabHbIX npuioxkenunit. [Ipu cozmarmm NoM Suite permasiuch ciegyromime 3a1axu:

— BBISIBUTbD Iy M;
— 0XapaKTEepU30BATH IIyM HEDOIBIINM KOJIMIECTBOM MAKPOCKONMMIECKUX TapaMeTpPOB;
— MpeJCKA3aTh BAUSHNE ITyMa Ha 3(pHEKTUBHOCTD paciapasiieTuBaAHN.

NoM Suite — 3T0 cpeAcTBO AMATHOCTUKH IIyMa B MHOTOMIpPOIecCOpHOit 9BM u mporuo3mpoBaHus ero
BJIUAHUA Ha CHUXKEHUE MaCIHTa6I/IpyeMOCTI/I HpI/IJIO)KeHI/Iﬁ.

1. CocraB nmakera nporpamMmm

B cocrap makera NoM Suite Bxomsr:

1. Bubmmoreka 00mMX HU3KOYPOBHEBBIX (DYHKINI (MHCTPYMEHTBI JI/IsT M3MEPEHNsT, COXPAHEHUST, Tepe-
JAYU W 9TEHWs] Pe3Y/JIbTATOB U3MEPEHs]).

2. Qynryuu-obepmru (wrappers) MPI-bi3oBoB, perncrpupyiomue spemss u tunn MPI-Bbi30B0oB B Ma-
PaJLIEILHOM MIPUIOKEHHIH.

3. Ilporpammbl-u3MepuTen IMIyMa JIJIsi U3MEPEeHNsT HeCTAOMIBHOCTA BPEMeHN:

— BBIYHCIATEIHHON PabOTHI;

— oleparnuii BBOIa-BBIBOJIA;

— paboThl mpOIeccopa ¢ OIMePATUBHON MaMATHIO;
— poinonnennsg MPI-obmenos.

[IporpaMMbl reHeparuu mryMa.
[Tpukamgabie TECTHI.
TecToBag moacucTemMa A9 aBTOMATHIECKOTO 3aMyCKa MPUIOKEHUT.

NS ote

IToacucrema mpencraB/ienrs pe3yIbTATOB U3MEPEHUI U aHAIN3A:

— WHTErpaJIbHBIX MMOKA3aTe el Myma;
— BAUGHOA TIyMa HA BPeMs BLITTOTHEHWS MPUIOKEHUS ITyTeM MOJETUPOBAHUSI W TPUMEHEHU
AHAJIUTUIECKUX (POPMY.I.

2. Bubaunoreka HU3KOYPOBHEBBIX (DYyHKIUI

B cocraB 3roit 6ubsimoTeKN BXOAAT CPEICTBA BPEMEHHBIX 3aMepoB. Bubimoreka MOAep:KUBAET MpO-
BPATHBIN It TOJIF30BATEIS MEXaHU3M COXPAHEHWS PEe3y/IbTaTOB m3MepeHuii B 6a3e manabix. [ljag BbICO-
KOTOYHBIX 3aMepOB (C TOYHOCTBIO JO TaKTa) B OMOJMOTEKE MCHONB3YETCS TPSMON JTOCTYI K PErHCTPaM
poIteccopa.

PeanmzoBano aBa Tuma n3Mepenwmii:

1) Bpemenu ucmoiHeHus (GUKCHPOBAHHOTO 00beMa KOJIA;

2) oObema BBIMOJHEHHOTO KO/ (B 3/IEMEHTAPHBIX MHCTPYKIMSAX) NPU (PUKCUPOBAHHOM BPEMEHU HCITO/I-

HEHWS.

B bubmoreke peasn3oBaHO HECKOTHKO METOMOB, MPEIHAZHAMEHHBIX sl TPEOOPA30BAHUS PE3yJIHbTATOB
BPEMEHHBIX 3aMepoB. Bubjmoreka HU3KOYPOBHEBBIX (DYHKIIMI TPeIocTaB/isieT uuTepdeiic A T0CTya K
COXPAHEHHBIM JAHHBIM B 0a3e JaHHBIX.
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3. DBubaumoreka pyukumii-ooeprok MPI-Bbi30BOB u pyHKIINIT BBOAA-BHIBOIA

Oyukimy 6ubINOTEKN TPeTHAZHAYEHBI /Tl TOIYUE€HUs TaHHBIX O 3ePHUCTOCTNG PA3TUIHBIX PeaTbHBIX
apaJiIebHBIX TPUIOYKEHU N, HArpy3Ke Ha KOMMYHUKAIIMOHHYIO CETh U CUCTEMY BBOIa-BBIBO/A, O BPEMEHU
mpepbiBanus apudMeTndaeckoii paboThl B 0XKUITAHUH OMEPAInii 0OMEHa U BBO/IA-BHIBO/IA.

HakammBaembie JanHbIe COXPAHSAIOTCA B TEKCTOBBIX (haiiaax jnbO 10 3aBePIIeHIN TaPAJLIETHHOTO TPY-
JIOXKEHUST, IMOO Yepe3 3aIaHHbli [T0/Ib30BATEIeM WHTEPBAJ BPEMEHHU.

4. Habop n3MepsOIINX TpPporpaMM

COopuiukK I1irymMa Ha BbIYUCJAUTEJIbHBIX y3Jiax DBM. Dra napa/ienbHas IporpaMMa 3amyCKaeTCs
Ha Bcex mporeccopax 9BM uin Ha UX TpeICcTaBuTEIbHOM MHOXKECTBE U obecrnednBaer cOOp myMa Ha, KarxK-
JIoM Tiporieccope. Bce mpotiecchl, cTapTysi OJHOBPEMEHHO, B ITUKJIe U3MEPSAIOT JITUTETbHOCTD BBITTOTHEHUS
OJIHOI W TO¥i Ke KOPOTKOW BBIYMCIUTETBHON paboThl (k6anwma). JIIUTETHHOCTD BBIMOJTHEHUS KBAHTA B
ITOMN nmporpamMMe He 3aBUCUT OT CKOPOCTHU AOCTYIIa K HMaMATHU U COCTABJIAET HECKOJIBKO MUKPDOCEKYH/. BO
BpPEMsI BCETO IIHKJIA MIPOIECCH He BBIIOIHSAIOT HIKAKIX 00MeH0B?. I0CKOMBbKY JIHTeIBHOCT HCIIOTHEHISA
KBAHTA OTIUIAETCS OT ITATOHHON JIUTEJTHHOCTH TOJBKO 3a cueT paborsl OC Ha KaxKI0M y37e U JeMOHOB
CHCTEeMBI YIIPABJIEHUA MHOIONPOIECCOPHON SBM?3, 10 gaHHAsS MPOrpaMMa MO3BOJISET BHISBUTH IIyM OT
cuctembl yrpasjeHus JBM.

B nagase paboThl ONpemesidgroTCs TMOKA3aHUs YaCOB HA KAaXKJOM IIPOIECCE B OJWH W TOT K€ MOMEHT
BpEMEeHU [IJisl TIOCTeAYIONIEro Opeie/IeHusl OJJHOBPEMEHHOCTH COOBITHI HA pa3HbIX mporieccax. Jljas xop-
PEKTHOTO M3MepeHud IJIUTETIHbHOCTU BBITTOJTHEHU A MeJIKOM pa.6OTbI C60pH_[I/IK NCTIOJIB3YET BBICOKOTOYHBIE
dyHKIIMKU 3aMepa BpeMeHHU u3 OUOJIMOTEKW HU3KOYpOBHEBBIX (yHKnumii. s nmonydenus nambojee 0-
CTOBEPHOII KapTWHBI BO3HUKHOBEHUS IIyMa IPOrpaMMa-COOPIIUK JO/KHA PAOOTATH JJTUTEIHHOE BPEMSI,
manpumep 1 gac. [To okoHIaHNUN W3MEPEHWH KaKIbIil TTPOIECC COXPAHSIET B OTIAEJIHHOM (aiie:

— MHUHHMaJIbHOE BPEMd BBIIIOJTHEHUA KBaHTa,

— JJINTETHHOCTHU BCILIECKOB IIIYMa, [0 PA3HOCTH (DAKTUIECKOTrO I MIHIMAJIHLHOTO BPEMEHN BBHITIO/THEHIS
KBaHTA;

— BpeéMd CTapTa BCIIJIECKa IIyMa (HO CymeCTBEHHOMY OTKJIOHEHWIO (baKTI/ILIeCKOI‘O BpeMeHn BBITIOJIHEe-
HUA KBaHTa OT MI/IHI/IMaJIbHOI‘O).

N3mepuTesnb HECTAOMIITBHOCTH periaresieii CUCTEM JIMHEMHBIX ajarebpamvdecKux ypaBHEHUIA.
Jlannas nporpamma pa3paborana Ha Ha3ze OUOIMOTEKY Mapa/iIebHBIX pPeraTesieil CucTeM JIMHERHBIX YPaB-
uernit PMLP /Parsol [6]. C moMompio Hee U3MepSIIOTCST OTKJIOHEHNST OT HOMHHAIBHOIO BPEMEHN BBIIOJ-
HEHUd CJIELYIONINAX OIlepalluii:

— pelIeHns CUCTEMbI JIMHEHHBIX YPAaBHEHN CTAOM/ITM3UPOBAHHBIM METOI0M OMCONPSAXKEHHBIX 'PATUEH-
TOB;
— YMHOXKEHHUS MATPHUIBI HA BEKTOD;

— CKAJISIPHOTO yMHOYKEHHsI BEKTOPOB (X,y) = X1 y;
— BBIYKMCJIEHUsS] BTOPOl HOPMBI BeKTOpa ||X|]2 = 1/> |xz|2

N3mepuresib BpeMeHU OOCTyMNa OPOoIleccopa K Pa3/IMYHbIM yJacTKaM ONEPATHBHOI MaMsITH.
OcHOBHBIE BO3MOYKHOCTH TTPOT'PAMMBI:

— MOJIy4YeHne CKOPOCTHBIX XapaKTEPUCTUK 00OMEHa, IIPOIECCOPa C MaMATHIO IPH BBIMOIHEHNN TET0OYNC-
JICHHBIX BBIYWCJICHUII W BBIYUCJICHWI C MJIaBAaIOIIE TOYKOI;

— 33/IaHVe PEKWMOB U MMAPAMETPOB TECTUPOBAHUS:

*IMopkmouerne 6ubamorekr MPI k c60pIIEKY MOTHBHPOBAHO HEOOXOIMMOCTHIO c6Opa mHMOPMAIY B HAYAIE ¥ B KOHIIE
paborbl cHopumKa.

*BosMmoKHa TaKiKe Pa3IMYHAS HOMAHAMBHAS IPOX3BOIUTEIHHOCTD Iporeccopos IBM, 4To mpeaBapuTebHO BHIABIETCS
C TIOMOIIBIO [TPOrPAMMBI-U3MEPUTEJIS.

— 51 —



IO. I Baprenes, A. M. Bapruu, B. A. Ep3yHoB u 1p.

e 0o0bema 0O6pabaThIBAEMBIX TAHHBIX;
® KOJMYECTBA IIOBTOPOB TECTA;
® KOJIMYECTBA MTPOIECCOB.

Jloruka mporpamMmMbl OCHOBaHA Ha M3BECTHOM TecTe namsith Stream [7].

Ha pwuc. 1 npeacraBiensr pe-
RUVITKRTATRKRI RRITINTTHAHUT Y TITNOTHAMMRKT
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Puc. 1. Bpemsa mocryma K pas3/JddHbIM y9aCTKAM ONEPATUBHON maMsaTu (N — HOMEp ydacTKa) HA OJHOM y3jie

(Numa-apxurekrypa): a — 6€3 mymMma; 6 — 1yM B OJHOM IIPOLECCE; 8 — LIyM B JBYX IIPOUECCAX; 2 — IIYM B TPeX
mmporeccax

5. HW3mepenue HeCcTaOMJIIBHOCTA KOMMYHUKAIMOHHON Cpebl

C TMOMOIIBIO TPEACTABJICHHBIX HU2KE TECTOB OCYIIIECTBJIACTCA M3MEPDEHNE HeCTa.6I/I.HBHOCTI/I HpOHYCKHOﬁ
CIIOCOOHOCTY KOMMYHUKAIIMOHHOW CHCTEeMbI MHOTOTIpOoIteccopuoit 9BM npu Beimoaenun Bcex tumos MPI-
0OMEHOB MpU MHOTOKPATHOM ITUK/I€ BBITIOJTHEHUS OJHON U TOI YKe paboThI:

Tect ¢ cocemsimu. DMyaupyercss paboTa MPUKJIAIHBIX 33734 TPU OOMEHE C COCETHUMU IMPOIeCCaMU

B TpeXMepHOﬁ KOMMyHHKa.L[HOHHOfI pererke mpomecCoB C 3aMEpOM BPEMEHHW BBLITTOJTHEHUA ITUKJIA
0OMEHOB € G/IMZKAMIIIMH 110 PelIeTKe IIPOIeccaMu’

Tect mo HanpaBJieHUsIM. B TpexmepHOil perreTke MPOIecCOB MOJEIUPYETCs CABUT JAHHBIX OT IIPe-
JIBITYIIEr0 MpOoTecca K CIeAYIONEMy B KaxkaoMm Hampasiaeruu X, Y, Z pemterku. CHavdasa JaHHBIE

CJIEIYIONIEMY B BHIODAHHOM HAIPABJIEHUU MPOIECCY MOCHLIAIOT BCE UETHBIE TTPOIECCHI, 3aTeM — BCE
HEeYeTHBIE.

"Touka-Touka". [locrenoBaresbHO MEPEOUPAIOTCS BCE BOBMOXKHBIE Maphl MPOIECCOB, U MEXK/Iy HUMU

OCYIIECTBJISIETCS OOMEH JIaHHBIMU 33/[aHHOe YUCJI0 pa3. KaxK/bIM MPOIECCOM MPOU3BOAUTCH 3aMeEP
BpEMEHU BBITTOJIHEHUsT STUX OOMEHOB.

"Macrep". Bepercs omun nponecc (macmep), n OCyIIECTBASETCA MOCHLIKA JAHHBIX OT KAXKJI0r0 MPO-
mecca MacTepy. B KadecTBe MacTepa TOCTeI0BaATETHLHO Gepercs KaxK bt mporecc. [Iporecce, ocyre-
CTBJISIONINI cOOP JTaHHBIX, TPOU3BOANT 3aMED BPEMEHU DTOI OMepPaIi.

"Buceknus'". Vcnoap3yercs a1 m3MepeHnsl HeCTAOMILHOCTH OIEPAIINN OMCEKITHT.

*Bospmivu mopouaMu B HampasTeHnax X, Y, Z peleTky U HeGO/bIINMY TIOPIHSMI [0 IHATOHAISAM DPEIIeTKIL.
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6. IIporpamMmbl reHepamnuu mryma

[Ipu GyHKIMOHUPOBAHUU MHOTOIIPOIECCOPHON BBIYUC/IUTENIHHON CUCTEMBI B MHOTOTIOIH30BATE/IHCKOM
pexXuMe BayKHO MCCIEOBATH BAUSHNE HA TPUIOKEHNE, UCITOIB3YIOIIEe YacTh BEIYUCIUTETHHBIX PECYPCOB,
HATPY3KHU CO CTOPOHBI APYTOil YaCTH BRIYUCIUTEIBHBIX PecypcoB. [l Bo3OyKaeHUS 9TOM HATPY3KU MOTY T
OBITH IPUMEHEHBI TeHePATOPHI IITyMa.

CereBoii 1mrym. BorauciurenbHble Y3761 MHOTOMPOIECCOPHBIX DBM, KpoMme BBITIOJHEHWUST BBIYUC/IU-
TeJIbHBIX (DYHKITHUiT, BEIHY XK JEHBI OCYIIECTBIATH OOMEHbI B ceTH yrpas/ieHus 9BM, oTk/inkasich Ha 3ampo-
ChI CHCTEeMBbI YIIPaB/IeHUS 33JaHUIMU, CUCTEMbl BPEMEHHOUW CHHXPOHU3ANWH, (PailjloBOl CUCTEMBI U T. .
[IporpamMa-TeHepaTop CETEBOro MIyMa MpeTHa3HaAdeHa /IS UMUTAINNA CeTeBOM aKTUBHOCTH, KOTOPAs TO-
POKIAETCsT peaJbHBIMU CETEBBIMU CEPBUCAMU, a TaKKe /I M3MEPEHNs BBI3BIBAEMOTO IIyMa.

st n3mMepennst U aHaan3a yPOBHs CETEBOIO IIyMa IpOorpaMMa-reHePaTop co3aeT Tpaduk pa3andHoi
WHTEHCUBHOCTU B COOTBETCTBUU C HAOOPOM HACTPAWBAEMBIX TAPAMETPOB, 33 AOIINX:

— THUIl TPAHCIIOPTHOTO ITPOTOKOJIA;

— pasmep Oydepos npuema/nepejadn Ha YPOBHE NPHJIOXKEHHsI M NPOTOKOJIOB KaK KJMEHTa, Tak W
cepBepa;

— YACTOTY TpHeMa/mepeiadn JAHHBIX CO CTOPOHBI KJINEHTA U CEPBEpa;

— KOJIMYECTBO €IMHOBPEMEHHO MOCHLIAEMBIX COODIEHMIT;

— pexuM 06paboTKH 3aIpOCOB cepBepoM (TOCTIEOBATEIbHBIMN, TAPAIICTHHbI).

IITym BBoma/BbIBOma. IloMHMO OCHOBHOIO CYETHOIO INPOILECCA, HA BBIYUCIUTEIHHOM Y3JI€ TaKiKe
BBITTOTHSIFOTCS CTYKeOHBIE TPOTPAMMBI, Peau3yIOIie OMepalui BBOIa/BHIBOIA.

[Togcucrema BBOJA/BBIBO/IA BBIMOIHSIET 3aIpPOCHI (DailIoOBO MOJICUCTEMBI M MOJCHCTEMbI YIIPABJICHUS
npoLeccamMy st JIOCTYNa K nepudepuiitHbIM yCTpORCTBaM (IMCKAM, MAUHUTHBIM JIEHTAM, TEPMUHAJIAM
u . 1.). OHa obecrednBaeT HEOOXOAUMYIO Oyhepu3anuio JAHHBIX U B3AUMOJIEHCTBYET C JpaiiBepaMu, HEmo-
CPEJICTBEHHO OOCITY JKUBAIOIIUME BHeITHIE YCTpoiicTBa. COOTBETCTBEHHO KazK 1asi OMEPAITIs BBOIA,/ BBIBOIA
Tpe6yeT TaCTh BBIYUCIUTE/IBHBIX DECYPCOB CUCTEMbBI, 9TO MOXKET CKa3aThCdAd HETaTUBHO Ha CYETHOM IIPO-
mecce.

Jj1s1 BBITIOSIHEHUs Onepaluii BBOJA/BbIBOJA, CO3AIONINX HAIPY3KY Ha nojcucremy Beoja/BeiBoga OC,
paspaboraHa crenuaibHas nporpamma. OCHOBHBIMU BO3MOXKHOCTSAMU JAHHONW IPOIrPAMMBI SIBJISTIOTCS:

— yKazaHue 00beMOB JIAHHBIX YTEeHWUs /3aIiCH;

— ykasanue pa3mepos Gydepa BBOJa/BBIBO/IA;

— BBIOOD MEXKJy CHHXPOHHBIM /ACHHXPOHHBIM PEXKUMAMU;

— renepaius (Qaityios;

— 3anuck/grenne ¢aitios;

— MOJIyYeHre CKOPOCTHBIX XapaKTEPUCTHK 3anucu/arenns/renepannn (aitios.

IITym ynpaBsienust mamMaThiO. [10CKOIBKY CUeTHBI MPOIECC UCIIOIB3YeT OMEPATUBHYIO MTaMITh Bbi-
YUCTUTETBHOM CrcTeMbl, paboTa C MaMsIThI0 CTOPOHHUX MPOIECCOB CKA3BIBAETCS HA BpeMeHu cuera. [lis
WCCIeIOBAHMS TAKOTO BAUsSHUS Pa3paboTaHa mporpamMma, HMUTHAPYIOMIAs IIyM ITOACUCTEMbI YITPABICHUST
maMsThi0. OCHOBHBIME BO3MOXKHOCTSIMU JIAHHOW MPOTPAMMBI SABJISIOTCST:

— ykazanue 00beMOB BBIIEIAEMO MaMsTH;
— yKa3aHUe KOJMYECTBA MOBTOPOB ONEPAIINN;
— BBIGOP pekuMa paboThl C NAMATHIO (3amuch/areHne);

— MOJIyYeHHe CKOPOCTHBIX XapaKTEPUCTHK Olepaluii 3amucu/areHns ¢ aMsThio.

— 53 —



IO. I Baprenes, A. M. Bapruu, B. A. Ep3yHoB u 1p.

7. TecroBas moiacucreMa

TectoBas mojcucTeMa obecrmednBaeT aBTOMATH3UPOBAHHBIN TPOIECC COOPKU MPUJIOKEHUH, UX 3aMyCcKa
U BBITIOJIHEHUsI, M3MEpPEeHus U cOOpa pe3yJIbTaTOB U3MEPEHUST HA UCCIeLyeMOl MHOTOIIPOIIECCOPHOI BHIUMC-
JIUTEIbHON cucreme. Pe3ysibrarsl m3mMepeHuil siBAgi0TCS NCTOYHUKOM JIJIsi CUCTEMbBI aHAIU3A.

B recroBoit moncucreme Ha 3Tarne KOHMGUIYPAIMY TPEIyCMOTPEHA MOIb30BATETFCKAS HACTPOIKA Ha MC-
MO/Tb3YyEeMYI0 CHCTEeMy yIpaBieHus 3aganngmu. KoudurypupoBaHue mojCcruCcTeMbl 3aK/II09AETCs B CO3/1a-
HUAW TJIABHOTO KOHMUrypamuonuoro daiiia Ha a3bike XML, koTopsrit opMupyercs criennaabHOl 1rajio-
TOBOI MIPOTrPaMMOii, UCIOIB3YOMIEll rpadudeckuit mHTEPdEIiC, 1 COMepKUT THPOPMAIIUIO O 3AITYCKAEMBIX
MPUJIOXKEHUAX W UX OYePEeTHOCTH.

8. TIloacucrema aHasin3a

ITogcmcrema amann3a BKJIIOYAET:

— UHCTPYMEHTAJIbHBIE CPEJICTBA MPEICTABICHUS PE3YIbTATOB U3MEPEHUil B TAOJTUIHOM U rpahuIecKoM
BUE, KaK n3 0a3bl JAHHBIX, TaK U U3 (DailIoB;

— CpeJICTBA JUHAMWYECKOTO TIPEICTABICHUS PE3YIbTATOB U3MEPeHUs (B XO/Ie BBIMOJTHEHUS 3a/IaHNUs) B
BUJE OCIILIIOTPAMM;

— WHCTPYMEHTAJIbHBIE CPE/ICTBA AHAJIN3A PE3Y/IbTATOB U MPEICKAZAHUSI.

Bpay3ep. Bpaysep nammcan wma aseike Python c¢ wucmonb3oBanmem rpadudaeckoit Oubimorexu
wxPython [8]. IIporpamma mnmeer okoHHBIN nHTEpdEC, U €€ CTPYKTYPa MOKET PACHIUPATHC MOCPe-
CTBOM NAa2UH06 1.

Bpaysep Bxmodaer HabOp MIArMHOB, PeaM3yIOIMIUX MOCTPOEHUE CIIENUAJBHBIX THIIOE TPapUKOB 110
MPOYUTAHHBIM JTAHHBIM C UCIOJIb30BaHUeM Moyseil pacimpenus Python: matplotlib [9], gnuplot-py [10],
vtk [11] u ap. dpyroii HAGOp MIATHHOB OCYIIECTBIISIET CBA3D C (DYHKIUIMHU, PEATU3YIONMMA HEKOTOPYIO
moCcTOOPAbOTKY MOy YEHHBIX PE3YIHTATOB, HATPUMED, BHIYUCIEHNE HOPMBI Iyma, 41s y3i1a. Cymecrsyror
[JIATMHBI, peaIU3yoIHe UCIOIb30BaHIe BCIIOMOTATEIbHBIX HHCTPYMEHTOB /ISl JJOMOJHUTETLHOTO aHAIN3a,
nosyvennbix pesysbraros (Hanpumep OpenOffice [12], gnuplot [13], ParaView [14]).

IHony4yeHnune xapakTepuCTUK COOPAaHHOIO IIIyMa B BIYUCJIUTEJIbHBIX Y3J1aX MHOIOITPOIECCOP-
"ot DBM. CoorBercrByiolas mporpaMMa, MOMOTaeT BbISIBUTH HEKOTOPbIE 3aKOHOMEPHOCTH BCILIECKOB
IyMa, COOpaHHBIX MPOrPAMMO-COOPIIIUKOM IITyMa Ha BBIYUCIUTEIBHBIX y3/1aX KjaacTepa. PesysbraTom
ee pabOThl ABJMIOTCS TAOJIUIBI, B KOTOPBIX IIyM PA3J/IOKEH HA HECKOJIBKO COCTABJISIONIAX IO [THANA30HAM
JUIMTEIbHOCTH BCILIECKOB. JIjis KaKI0i COCTABJIAIONIEH TTOICINTHIBACTCI CPEIHMI TEPUOT, MEYK Ty BCILIEC-
KaMH, CyMMapHO€e BPEMs COCTABJIAIONIEl 1 IPYTue HHTerpaJbHbIe TapaMeTphl (6o/1ee ToIpoOHO CM. HIKeE).
B wacrtroCcTH, TOocTpOouB rpadukm mo pe3ysbTaraM 3TOH MPOrpaMMbl, MOXKHO yBUIETh, KAKUE TPOIECCOPHI
U y3Jbl OBLIM CAMBIMU WYMHbLMU BO BpeMs cbopa mryma. s caMbiX MIYMHBIX TPOIECCOB BBIIAETCS
OTJleJIbHASd CTAaTUCTUKA.

MopenupoBaHue BJIUSHHS IIIyMa HA MeEAKO3EPHUCMOE TIapajlieJbHOEe npuiioxkKeHue. lmes
daitibl, co3manHbie COOPIIIKOM IIIyMa MHOTOMPOIecCopHoit DBM, MOXKHO TOACUYNTATD OKUTAEMOE BPEMs
BBITIOJTHEHUST TAPAJLIETBHOM 331291, KOTOPast MPeJICTaBIsieT COOO MoC/Ie10BATeTbHOCTE BIYUCIUTEIbHBIX
3epeH pasHo# JIUTENHHOCTH. [l 3TOr0 mpeaHazHaveHa MPOrpaMMa MOJEJUPOBAHUS BBITOTHEHWS Ta-
PAJIJIETHHOTO TPUIOKEHUS B YCIOBUAX IIyMa, KOTOPask Ha KayKJIOM Iare CBoeil paboThI BHITUCIIET BPEMS
OKOHYaHUWA BBITIOJITHEHUA 3€PHA MPUJIO2KEHNA C YI€TOM BCIIJIECKOB IITyMa, KOTOPbIC IMTPONCXOAUIN B 3TO 2KE
camoe BpeMs (0T HAYaJIa CueTa) B MPOrpamMe-COOPIIIKE.

Bxomnas nndopmarius:

— KOJIEKIIUsT BCILIECKOB ITyMa Ha KaxkjjoM u3 N mpormeccopos DBM;

— CIIUCOK JIJTUTEMLHOCTEN BBHIYUCIUTETHHBIX 3epEH MPUIOKEHNUS.

Pesynbrar, BeimaBaeMblil mporpamMMoii:
1) Ty, Ty Tpmar — OKIIAEMBIE CPE/IHEE, MUHIMAIBHOE K MAKCHMAJIbHOE BPeMeHa PabOThI IIPHAIOKe-

HUsI, B KOTOPOM KA K/IbIii M3 P IPOIECCOB BBLITIOIHSIET 3epHa. BepyTcsd u3 MOIe/MPOBAHNST MHOKECTBA

% Plugins — ckpunTs Ha, si3bike Python, peanmsyrome m06y10 JTOTHICKyI0 (DyHKIHIO.
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MOCJIE0OBATE/IbHBIX 3allyCKOB MIPUJIOZKEHUA, KOTOPbIE BBIITOJIHAJINCH 6])1 APYr 3a APYroM B TE€YEHUE
BCEr0 MHTEpBaJa U3MEPeHHil, KOrjia MpOBOAUIICS COOP BCILIECKOB IIIyMa;
2) E,=T1/T,-100%; E,_ ., =T1/Tpn.. 100%; E,_ . =T1/Tp,., -100% — oxunaemsre cpegmss,

MUHUMAJIbHAS U MAKCUMaJIbHAA 3DHEKTUBHOCTH PACIAPAJIICTUBAHNS TPUI0KEHUSI.

max

Orpamnuenns: p < N; BpeMsi 0OMeHa IPU CHHXPOHU3AIMH IIPOIECCOB B IPUIOKEHNN CUNTACTCA PaB-
meiM 0.

9. Merpuku mryma

s oTleHKM BAMSAHUSA ITIyMa HA KOHKPETHYIO MapaJsieibHYI0 3379y MOXKHO BBECTH MOHSTUE HOPMbL
WYMG 8 NPUAOHCEHULU, KOTOPAST TIOJCIUTHIBAETCS B PE3yJIbTaTe MHOTOKPATHOTO MPOTOHA, TTPUIOKEHUSI:
tave — tmin
N tmin ’
rre taye — CPEHEE BpEMs OJHOTO TMPOTOHA; tmin — MUHUMAJIBHOE BPEMs OJHOTO MPOTOHA.

[Tposens Takme (KOCBEHHBIE) M3MEPEHUS IIYyMa JIIs PA3HBIX XaPAKTEPHBIX 3a/1a4, MOKHO MTPEJICTABUTH
oxkugaemoe cumkenne 3pdexkTuBHOCTH cUeTa Ha ganuoit 9BM u, 3acdukcupoBaB HabOp 3a7ad, COMOCTa-
BsaTh IBM mexy coboit. OpHako MpoBejeHre TAaKUX IKCIIEPUMEHTOB — JOPOTOCTOSINAs OTepalusi, u
BbI60p MHOXKECTBa 3a/a49 AJId OLEHKU IITyMa BPAJ JIU MO2KHO CTaHJaPTU3UPOBATH.

Jng omenku myma B 9BMS pammonasbaee HCIoOMb30BaTh CIEIYIONIMI TOIX0M: HPEIBAPHTEILHO CO-
Oparh ocnumorpaMmy (MOCIEI0BATEBHOCTD U JIJIUTENLHOCTh BCIIECKOB) IIIyMa Ha BCEX ITPOIECCOPAX
9BM, 3areM mpoMOIeMpOBATHL €€ B/UsIHUE Ha YBEJIMUYEHNE BPEMEHU CUYeTa 337ad C XapaKTEepPHOU JIJIu-
TeJILHOCTHIO 3epeH. B TakoM ciaydae OgHaXKIbl COOPAHHBIN IIyM MO3BOJISET TPEJACKA3aTh MOBEJIEHNE Pa3-
JIMIHBIX 3339 0e3 WX TPOrOHA. XOTS BHITOJHEHUE PEAJIHHON MapasIebHON 33Ja9n NCKAYXKAET IIIyM, TaK
KaK IIyM He sBJIeTCs: abCOTIOTHO HE3aBUCHUMBIM OT 33JIa4¥ IIPOIECCOM, TeM He MeHee TaKOil MOIXOJ MOo-
3BOJISIET CBOEBPEMEHHO OIEHUTH BO3MOXKHOE CHIKeHUE 3(PMEKTUBHOCTH CUeTa Pa3IHIHBIX 33134 Ha DBM,
3aHATHCA MONCKOM BJIMATE/IBHBIX UCTOYHUKOB IIyMa 1 OHTPIMI/IBH.]_[I/IQIZ CUCTEMbI YIIPDaBJICHUA 9BM

Peanmszarust Takoro mojaxoaa Jaer BO3MOXKHOCTb BBECTH 0OODIIEHHBIE TOKA3ATEN (METPUKH) MIyMa, a
UMEHHO JOJIIO TMOKPBITHUA MIYMOM MHTEPBAJIA I/IBMepeHI/Iﬁ " CTeneHb CUMHXPOHHOCTHU BCIJIECKOB IIyMa, IIO-
3BOJIAIOIIE CYJUTH O MIyM€ B BBIYUC/IUTEJBbHBIX Y3J/IaX KOJIUYICCTBEHHO W CPpaBHUBATHL C MOMOIIBIO HUX
passinanbie MHOTONpOTieccopabie DBM. Takoe 060011eHNE BRITIOTHSIET TPOTPAMMA-00pabOTUNK ITyMa, 00-
HapPYKEHHOTO MTPOTPAMMOT-COOPIIUKOM, Uepe3 MEPBUYHBIE XapPAKTEPUCTUKHU [Ty Ma.

st 5T0oro cobpaHHBIi IIyM pa3/iaraeTcs Ha COCTABJSIONIME TI0 JTUTELHOCTH BCILUIECKOB (HAIpUMeED,
nymrenbHocTHI0 0T 100 10 500 MKc, oT 500 10 1000 MKC U T. 1.). 3arem s j-it COCTABJISIONIEN MOICUNThI-
BafoTCs: dj — CpeHAs JIMTEIbHOCT BCIIECKa ITyMa Ha BcexX mporeccax; Djj — cymMa JmTeabHOCTel
BCIIECKOB IIlyMa Ha k-M IpoIecce; g; — CPeIHHil MHTepBaJ MeXJy BCIJIECKAMH IIyMa Ha BCeX (Pmax)
nporeccax; Uj, — JIATEILHOCTH 00beJANHEHNS BCIJIECKOB IIyMa Ha P nporeccax’. Ilo momydenHbIM
SHAYCHUAM BBIYUCTAIOTCA MaKPOCKOIINYECKNE TTOKa3aTe/JINn IIyMa:

Cjp =Ujp/T — nons mokpbITuA IIyMOM HHTepBaJsa u3Mepennii T', T. e. 071 00beNHEHNS BCITIECKOB
nrymMa Ha P < Pmax MPOIECCAX;

P
Sip= > Djr/ (pUjp) — K03bDHUIMEHT CUHXPOHHOCTH BCILIECKOB HIyMa, IJI€ p — YHCJIO IPOIECCOB, Ha
k=1

KOTOPBIX OBLI 0OHAPY2KeH IIyM j-if coctapasiomeit. (Orciona ciaeayer S, = 1 npu NONHON CHHXPOHHOCTI
BCILUIECKOB IIyMa, i S}, = 1/p TPy MOIHO# aCHHXPOHHOCTH BCIUIECKOB IITyMa. )

[Tepexosist K p = Pmax WK 00BHEIUHEHUIO O j, MOXKHO MOJYYNTH WHTErpabHBbIE MOKA3ATENN IyMa B
9BM: Cj, Sj, Cp, Sp, C, S, 3aBucanye TOIBKO OT OJHOTO TapameTpa JIHO0 He 3aBHCAIINE OT 000X,
moJTyvast Ty WJIM WHYIO CTeNeHb Jerajn3anui. [1o HuM MOXKHO CPaBHUBATH pasjudnbie cynepdBM mexpy
coboii IO CTemeHn IIyMa, a TAKyKe CTEMeHb HAPACTAHUS IIYMa W €r0 COCTABJISIONNX MPU BO3PACTAHUU P

A0 Pmax-

5B ocroBrOM oT cucremsr yupastenns YBM — oxmoit u3 Haubosee "BruaTEbHLIX" IOCTABIINKOB IIyMA.
"O6be JUHEHMIO BCILIECKOB IIYMa, Ha P IPOIECCaX MPHHALIEKAT T€ I TOMbKO T TOUKH HHTEPBAJIA H3MEPEHMH, B KOTOPBIX
OBLI MIyM XOTsT OBI B OJTHOM TTPOIIECCE.
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10. Omnenka BJAWSHUS IITyMa Ha MapaJjijieJIbHOE MPUJIOXKEHUE

PaccmorpuM Biugame mryma Ha mapasiieabHOe MPUIOKeHNe, B KOTOPOM BCe MPOIECChl CHHXPOHHO BBI-
NOJHAIOT 3epHA Bbraucaenuii (puc. 2, a). [Ipn BOSHUKHOBEHUU NIyMa JJIUTENILHOCTH 3€PHA YBEJINIMBAETCS
HA MaKCHMAJIbHYO (0 BCEM TIPOIECcaM) CYMMY JIJTUTEILHOCTEll BCIIECKOB MIyMa, BOSHUKAIONIIX BO BPEMsI
BBITIOJTHEHUsT 3epHA Ha OJHOM IIPOIECCe, UYTO MPUBOJUT K ODIIEMY YBEJUYEHUIO BPEMEHU CUETa.

Ha puc. 2,6 (cMm. Tak:ke IBETHYIO BKJIAJKY) TEMHO-CEPBIM IBETOM 0DO3HAYEHO OXKHUJIAHUE JAPYTUX TTPO-
meccoB. HecMmoTpst Ha TO, 9TO HU HA, OJHOM IIPOIIECCE TTIOMEXH HE IPEBBICUIN BpeMs d, 00Ias 1IIMTeIbHOCTh
BBITIOJTHEHUsT TPUJIOYKEHUS YBEINYINIach Ha 2d.

Honst mokpeitust mrymom C' MOxKeT rpyb0 XapaKTeprU30BaTh BJNUSHUE IyMa B BBIYUCIATEJIBHBIX Y3J1aX
9BM (B OCHOBHOM OT KOMIOHEHTOB CHCTEMBI YIIPABJEHUS) HA TPUIOKEHWE, & MMEHHO: JOJIsl TTOKPbI-
g nrymoMm C' MOXKET CIy»KUTh BepxHeil OIEeHKOI BO3MOXKHOI CTEleHU yJINHEHUs] BPEMEeHU WUCITO/THEHUS
[IapaJ/lIe/IbHOIO IIPUJIOXKEHUS U3-3a IIyMa.

st 6osiee TOYHON OIEHKY BIWSHUS [IyMa, Oy I€HA MMOIYyIMINPUIecKas (DOpMyIa BPEMEHHU CUeTa Ta-
PAJLIEIBHOTO  PaBHO3EPHUCTMO20 TIPUJIOKEHNsI, BBIMOIHSONIEr0 &k 3epeH JUINTEeILHOCTBIO ¢ < g; (peakue
BCILJIECKM, 9TO XaPAKTEPHO JIJIsA IIyMa OT CHCTEMbI yIIPABJIEHUS):

t L/Sjp

Tp:k t+ E Pp’jdj , Pp,j:1—(1—;> npu t<gj,
: J

J

rJe Mofesb IIyMa IpejcTaBaeHa B BUJe CYHepPIO3UIUU BCIIECKOB IIyMa JIUTeIbHOCTAMHI dj, BOSHHKAIO-
MUX 9epe3 TPOMEKYTKHI ¢ Ha p mporeccopax. Ornomennem ki — BpeMeHH HCHOTHEHHS PABHO3EPHICTOTO
IPUIOZKEeHHA Ha p IPOIeccopax MpU OTCYTCTBUM IIyMa — K 1), momyanM KoM OHUIHeHT CHUKEHNS ITPOn3-
BOMTEIHHOCTH BBIYUCIEHNI W3-3a NIyMa:

t
E =" 1
P t+zpp,jdj ()
J

IToacraBnsgaa B manayo HOPMYIIy XapaKTEPUCTUKH, BBIYUC/IEHHBIE MPOIPAMMOI-00pabOTINKOM IIyMa,
MOXKHO OIIEHWTDH BJIUSHUE IIyMa Ha 3(DDEKTUBHOCTH pacnapaJsiieIuBaHus PIIOKEHUil 33 aHHoi (cpej-
Heill) 3ePHUCTOCTH NPU WX MACIITAOMPOBAHUU C OJHOBPEMEHHBIM YBEJIMYEHUEM HYUC/IA MPOIECCOPOB.

st Gosiee TOYHOTO TPeJICKA3AHNS BIAMSHUSA [Ty Ma HA MapasljiebHOe Pa3HO3ePHUCMOE TTPUIOKEHNE JTy Y-
Il WCIOIB30BATh MPOrPaAMMY MOJEJTUPOBAHUS BBIMOJTHEHNS MapaJslIeIbHOrO MPUJIOKeHUsT (CM. pasj. 8).
HpI/IHL[I/IH ee pa6OTbI COCTOUT B TOM, YTO Ha IUKJI 3€PEH MOAEJIMPYEMOT'O MPUJIO2KEHUA HaKJIQJIbIBALTCA
COOpaHHBII TPOTPAMMO#I-COOPIITUKOM IIIyM B TOW BPEMEHHOI TOCIe0BATETLHOCTH, B KOTOPOil OH CJTyYn/I-
ca Ha mporeccopax 9BM B mporiecce cbopa, u, TaKuM 00pa30M, MOTyIaeTCs WHMOPMAIUS 110 Y THHEHIO
BPEMEHU 3EePeH.

Ha puc. 3 npejcraBnens rpaduku, mocTpoeHHbIe 10 pe3yabratam npumenenust dpopmysbt (1) u moze-
JINPOBAHUS [IJIsT OJHOTO U3 aJTOPUTMOB PEIIeHUs CUCTEeM JIMHEHHBIX aIreOpanviecKnX ypaBHEHU.

3epuo 1 Jepro 2 3epuo 3 3epuo 1 Jepho 2 3epro 3
ITpouece 1 ITpouecce 1
ITpouece 2 ITponecc 2
Kamen- Kasren-
Iponecc 3 :;,Eﬁ?.e IIpouece 3 g:g:‘:l
Bapeep Baprep Bapeep Baprep Baprep Baprep
a o

Puc. 2. BoInonHenne 3epHUCTOrO MPUIOKEHUS: ¢ — 0€3 BCILUIECKOB IIlyMa; 6 — C BCILUIECKAMH MIyMa (3aKpallleHbl
YepHbIM [BETOM) juiuTeabHocTbio d u 0,5d
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E

105

a5 S

80 - - . . . . . . - - P
1 80 160 240 320 400 480 560 640 720 800

Puc. 3. Oxunaemoe camxkenne >hdexrusroctu (U3-3a IymMa OT IporpaMMHOro obecnedenns IBM) Boimosnenus
MeTOo/ja COUPsKEeHHbIX rpagueHToB: — — 8000 cTpok Marpuibl B OJHOM mpouecce (CpeiHss AJIUTeJbHOCT 3ep-
ma 0,001637); - - - — 27000 cTpOK MaTpUIBl B OJHOM Ipolecce (Cpequsis aaureabHocTs 3epaa 0,006266); remubie
kpubie — 10 popmyie (1); cBeriibie KpUBble — 110 IPOrPAMMe MOIEIUPOBAHUS

11. BeposSITHOCTHO-CTATHUCTUYECKUI METOJ pacueTa M aHAJIN3a BJIUSTHUS IITyMa
Ha 3P PEeKTUBHOCTDH BbINOJHEHUS HAPAJIJICJIbHBIX IPUJIOXKEHU

PaccMoTpuM cenyroniyto yrpoIeHHy0 MOAeIb cueTa COATAHCUPOBAHHOTO MapPAJIIETbHOTO BBIYUC/IN-
TesibHOTO npuioxkerust. Cucrema cocrout uz n mnporeccopo. Cuer pas3bur wa L 3Tamnos, mpu 3TOM JaH-
HBIE 331291 pa3buTel Ha 1 6;10K0B. Ha Kazk0M srame KaKIblii mporeccop 00pabarbiBaeT (UM MOBTOPHO
obpabareiBaer) oxus 610K. Ilepexos K cemyrolmeMy 3Taily MTPOMCXOJUT TOJBKO TOT/A, KOTJa BCEe TPO-
[IECCOPHI 3AKAHIMBAIOT CYET MPEALIAYIINEro mara 3aa1adu. Bpems o6padoTku 0J10Ka OJHUM IPOIECCOPOM
paBHO t; = tg + z, re tp — YUCTOe BpeMs CueTa Ha MPOIEeCCOpe MpU OTCYTCTBUU ITyMa, T— CAydaiiHas
3a/IeP’KKa, PABHASI BPEMEHHU IIyMa (J1aJiee mpoCcTo IIyM).

Bpewmst cuera omHOro 3Tama paBHO MaKCHUMaJbHOMY N3 BCEX 3aTPAYeHHBIX MPOILECccopaMu BpemeH. K-
JI HA HEKOTOPOM 3Talle cuera IIyM Ha mporeccopax — (z1,Zg,...,T,), TO BPEMs CUeTa JAHHOTO STAIa
oyner t, = to + max (21,%2,...,Tn)-

[TockobKY MIyM SBISIETCs CIyYaifHONW BEIUYINHON, BpEMEHA CUeTa, STAIla, U 33/Ia9H B [I€JI0M TaKKe Oy Iy T
cIyvdaiiHbiMKu BemarHaMu. [l09TOMYy MHTEpeCcHBIM TPEeACTaB/ISIETCS BOMPOC O (DYHKIMK PACIPEIeTeHUs
BpPEMEHN CUeTa KaK JaHHOrO 3Tala, TaK W BCEl 33Ja9n B IeJI0M. B 9acTHOCTH, IJIsT MTPAKTUIECKUX Ieeit
BayKeH BOIPOC O 3aBUCUMOCTHU TAHHON (DYHKIIUU pacipesesieHnsi OT KOJUYIeCTBa MpoieccopoB B 9BM.

O6o3naunm vepes f (1,2, ..., Ty) IOTHOCTH BEPOSITHOCTH PACIIPE/IEICHHUS IIIyMa TIPU CUeTe Ha OJHOM
o0 oo
srane. lannag dynkuns Hopmuposana Ha eqununy: [ ... [dzy...dz,f (z1,...,3,) = 1.
0 0
O6o3naunM uepes ¢ (1) MIOTHOCTH BEPOATHOCTH PACIPEIENEHUs IIyMa TPH CYeTe NapaJlIebHOr0 MpU-
JIOXKEHWs KaK eJIMHOr0 0ObeKTa Ha, JJAHHOM dtare. HecjI0KHO MOHATh, 9To OHA cBA3aHa C f (T1,T2,...,Ty)

CJIETYIOIITUM 0DPa30M:

n Z T
g((L‘):Z/.../d:El...d(L‘i_l,d(L‘i+1...d(L‘nf((L‘l,...,xi_l,x,(L‘i+1,...,:En).
0

i=17

ﬂeﬁCTBI/ITeJIBHO, BEPOATHOCTH TOT'0, YTO MaKCHUMaJIBHOE 3HAYEHUE IIyMa I[MIPUHAAJICZKUT WHTEPBAJY
(,z + dz), paBHA CyMMe BEPOATHOCTEH CIEAYIOIUX COOBITHIA: TOTO, UTO TEPBBIH IEMEHT NPUHAJIEKUT
JAHHOMY HUHTEpBaJly, & OCTaJbHble MEHBIIE; TOr0, YTO BTOPON 3JIeMEHT IIPUHAJJICKUT JAHHOMY HHTEp-
BaJIy, & OCTAJIbHBIE MEHbBIe, U T. . HEeCI0KHO MpPOBEpUTH, 9TO0 (PYHKIUI ¢ (x) TaK>Ke HOPpMHUPOBaHA HA

o0
ennanny: [ g (z)dz = 1.
0
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Brast (DYHKIUIO pacipee/ieHnsi, MOXKHO BBIUUC/IUTh CPEJIHEe 3HAUEHUEe U JIMCIIEPCUI0 BPEMEHU CUYEeTa,
OJId OJTHOTO dTara

00 2

o0 o0
tn:t0+/xg(x)dm; Dn:/xQQ(x)dx— /mg(x)dm
0 0

0

KOJIbKY BCE 3Tallbl HE3aBUCUMBI, TO JIJTs TaTOYH JIBIIIOTO KOJTUYIECTBA, JTAIOB, T. €. TpU 00
ITocko. ce 3Ta €3aBHC , TO 0CTaTOYIHO 60 Or0 KOJIMYECTBA JTAIOB, T. € L — o,
dbynkumsa pacnpenenenuss F (T) monnoro Bpemenn cuera T’ Gyzer mMers Buj pacnpejenenust Laycca co
cpenanM 3Hauennem Lt, m gucnepcueit LD, :

T—LE
1 ~SIDa

V2rLD.<

Taxum obpazom, s mosrydenns nHMOPMAIME O PACIIPEIe/IeHIN BPEMEHN CYeTa MaPaJLICTbHON 3a1a9u
HEOOXOIMMO BBIYUCINTD t, u D,,.
MaxkcumanbHasg 3P@PEKTUBHOCTD TapPAJIISILHOrO IPUIOKEHNs, TOHMKAIOMIAACT M3-33 HAJUUNS IIIYMa,
B BBIYUCIUTEIHHON CHUCTEME, MOKET OBbITh BBIYUC/ICHA CISAYIONnuM 00pa30M:
£ = Lo -100%,
Lto+ [ ZF (Z)dZ
0

F(T) =~

rae F' (Z) — mIoTHOCTH BEPOSATHOCTH 3a/I€PKKU MAPAJIEIbHOIO NPUIOKenus; Z = 21 + 23 + ... + 2,
z; TIPEJICTABJIAET CODOM CAYyJAHyI0 BEINUNHY, XapaKTePU3YIOILYI0 3aIepKKY Ha -M IIare.

JL1st n He3aBUCUMBIX MACHTHIHBIX TTPOIIECCOPOB, HA KOTOPHIX BBITIONHSIETCS MapalIeThbHOE MPUIOKEHNE,
I OOIBIINX 3HAUEHM L 0Cae HEKOTOPBIX Ipeodpa30BaHmii OBLIO0 MOIYIeHO ACHMITOTHIECKOe 3HAUCHNE,

He 3aBucdiee ot L:
t
£~ 0 —— - 100 %. (2)

n)+7z?}h(z)(jh(y)dy>n dz

Ucrnonb3ys manayo GOpMyIy MOXKHO TOIYUYUTh BEPOSITHOCTHBIE OTEHKM BJINAHUS IIyMa HA 3(hdeKTus-
HOCTB BBITIO/THEHUS COATAHCUPOBAHHBIX TAPAJLICIbHBIX IPUI0KEHUN B OTHOPOIHBIX MYJIBTUIIPOIECCOPHBIX
BBIUYUCUTEIBHBIX CUCTEMaX. BXOJHBIMU MapaMeTpaMu SBJISIOTCS KOJUYIECTBO MPOIECCOPOB U (DYHKITUS
pacrpeeeHus IIyMa.

Kpome Toro, mms paccmarpuBaeMmoil MOIeIn
cuera COATAHCHPOBAHHOIO MAPAJLIETHEHOTO BBIYUC-
JINTEJILHOTO TPUIOKEHUs OBbLT Peajim30BaH IIPO-
rpaMMHBI  MOAY/b, IIO3BOJIAIONIAN OIpene/InTh
CTATUCTUIECKUMU METOJAMU PACIIPEIeIeHUe TIIyMa,
[IPY BBITTOJIHEHUN 33/5a9¥ U TIOJIY YU Th aHATOTUIHBIE
OIEHKHU IMYyTeM MPSMOT0 YUCAECHHOTO MOJETHPOBa-
HUS ODIIEr0 BPEMEHW CUeTa.

Ha puc. 4 (cM.  TakKe IBETHYIO BKJIAJKY)
MPEJICTAB/IEHBI PE3YJIBTATHI UUCJIEHHBIX PACIETOB
¢ ucnonb3oBannem (Gopmysbl (2) u IPAMOro Umc-
JIEHHOTO MojenaupoBanus. llpu sToM 3amaBauch

60 n CJIETYIOIUE TTAPAMEeTPhI: BPEMs BBITIOJTHEHUS [1ara
1 10 100 1000 10000 100000 OpuIoXKeHUsT B oTcyTcTBHe tmryma — 100 wmkc;
GYHKIUSA pacupegeeHns 3aJep:KKH  Ha  OJHOM

Puc. 4. W3menenune 3dHHEKTUBHOCTH MPU YBEJIUIEHUN npoueccope h(z) — rayccmam ¢ TmapaMerpom
4K IPOLECCOPOB Jjist Pa3HbIX 3HadYeHuii o: remuas o = 10 wMKc. s cpaBHeHWS Ha PHUCYHKe
kpusag — o ¢opmyie (2), o = 10 MKc; cBeTable Kpu-  TPUBEJEHBI TAKXKe 3aBUCAMOCTH 3D PEKTUBHOCTH

BBbIe — Pe3yJIbTaThl MOJeIUpoBanHusd nmpu o = 10; 5; 2 MKC
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HNucrpymenranpabie cpeacTBa HCCAETOBAHAS HECTAOHIBHOCTH PAOOTHI MYyTHTHIIPOIECCOPHBIX CHCTEM

napaJIeIbHOrO NPUJIOYKEHUs JIJIs JIPYTUX 3Hadenuii o (5 MKC, 2 MKC), MOlyYeHHbIE B PE3yJIbTaTe MPIMOrO
YHUCJIEHHOTO MO/IeJTUPOBAHUSI.

AHamm3upysa KOJIEKITHIO TIyMa, MOIYUYeHHYIO MPOTPAMMO-U3MepUTeIeM s 3epHa, ¢ JTHTETHHOCTHIO
BBITIOJIHEHU t) HA OJHOM y3Jjie, U MOA00PaB COOTBETCTBYIONIYIO (DYHKIIUIO TIOTHOCTH, C UCIIOIH30BAHIEM
dbopmynbl (2) MOXKHO BBIYHCTUTE 3GHEKTUBHOCTD BBINOTHEHNSI MAPAJIIETBHOTO MPIIOKEHUS C JaHHOM
JUIUTEbHOCTBIO 3€pHA JIJIf IIPOU3BOJILHOIO KOJIUYEeCTBa IIPOLECCOB.

3akJiroueHue

Pazpaboranubiii maker mporpamMM O3BOJISET ODHAPYXKWUTH U U3MEPUTH XaPAKTEPUCTUKHU AMIAPATHO-
MIPOTPAMMHOTO [Ty Ma, MHOTOIpoieccopuoit 9BM u oneruTsh ero Biusiane Ha 3P (MEKTUBHOCTE BBITOJTHEHU S
MapaJiIeIbHBIX MIPUIOXKEHM, UTO MPEICTABILAETCS IMOJE3HBIM I Pa3pabOTUNKOB MHOTOIPOIECCOPHBIX
9BM.

B nmanpmeiimeMm IIaHHpPYETCS MIPOBECTH MCCIECIOBAHUS AIMapaTHO-MPOrPAMMHOIO IIyMa KOHKPET-
HBIX OBM.

Pabora Beimosnena cosmectno ¢ Canmiickoit manmonanbuoit maboparopueii (rpanr CRDF Ne RUM2-
1553-SV-05).
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